
CH APTER 8 

INTRODUCTION TO GUN BATTERY ALIGNMENT 

This chapter t akes up the ele1nents of gun 
battery alignment, explaining the principal op­
erations required in aligning the equipment and 
maintaining it in alignment. 

Battery alignment is one of the critical 
factors in the fighting effectiveness of any com­
bat ship equipped with guns or missile launchers. 
Without proper battery alignment the projectiles 
and inissiles fired will not hit their target when 
properly aimed- regardless of high crew effi­
cency, high-power radar and optical equipment, 
speedy fire control co1nputation, or high rate of 
fire. Maintenance of accurate battery alignment 
is a pri1nary responsibility of weapons person­
nel, beginning when the ship is under construc­
t ion, continuing so long as it remains in com­
mission- even when the ship is retired to the 
"mothball" fleet .• Battery alignn1ent is not con­
fined to operations at infrequent intervals . Al­
though some alignment operations are performed 
as infrequently as once every two years, s01ne 
operations (such as transmission checks) ar e 
done every day . 

Taking into account in detail all the phases 
of battery alignn1ent , beginning with the orig­
inal construction of the vessel, it is evident that 
the subject is co1nplex and requires close study 
even by tile nonspecialist. Thls chapter con­
centrates on principles rather than procedural 
details, and on alignment afloat, rather than the 
n1ore complex drydock operations. 

BATTERY ,\LIGNMENT: PURPOSE, 
DEFINITIONS AND DISTINCTIONS 

The purpose of battery alignment is to adjust 
the guns of the battery and associated fire con­
trol equipment so that the lines of sight of the 
director telescopes and gun s ights, the beam 
axes of the radar ante1mas, the lines of sight of 
optical rangefinders, and the bore axes of the 
guns in the battery, are all par all el when 

1. dials are matched with correct follow­
the-pointer indicat ions, 

2. no parallax corrections are introduced, 
and 

3. no ballistic corrections are introduced. 

In a correctly aligned system , all associated 
gun bores , etc. re1n ain parallel under these con­
ditions throughout all operating motions, and 
all instrument dials and automatlc control equip­
ment measure these motions correctly with 
respect to the proper r eference. 

To accomplish this , all these elements niust 
be aligned to a common system of reference 
points, lines, and planes. Battery alignment can 
therefore be defined as the process of adjusting 
all the elements of a weapon system (in a 
gun battery this includes the dir ector, sights, 
radars, con1puter and stable element if any, and 
the gun mount s ights and gun barrels) to these 
common reference points, lines, and planes, and 
1naintaining them in this relationship. 

Note these distinctions: 

INTERNAL ALIGN1v!ENT refers to adjust­
ment of tile geometrical relationships within an 
element of tile fire control or weapon system, 
such as a mount's gun bore axis and the mount's 
gunsight 1nechanism . 

SYSTEM ALIGNMENT i·efers to the geomet­
rical relat!onshlps between two or more major 
components of a system. for example the bore 
and sight telescope axis of a gun motmt as 
related to the line of sight of director telescopes. 

ORIGINAL ALIGNMENT is the initial align-
1nent 1nade in a fire control and weapons system 
at the tin1e of original construction and instal­
lation. Thls is a very elaborate and highly ac­
cur·ate se r ies of operations done in drydock by 
the shipbuilder or fitting-out yard. Original 
alignn1ent is also performed whene,,er a new or 
1nodified major weapon system is installed (also 
us ually a drydock operation). 

DRYDOCK ALIGNMENT Olt HEALIGNMENT 
refers to the thorough align1nent overhaul and 
readjustment made whan a ship goes through its 
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regular drydock overhaul period, at inter vals 
usually of two years or longer. 

ALIGNMENT AFLOAT refers to aligrunent 
operations performed while the ship is water­
borne (In port or underway). These operations 
are performed much more frequently than the 
relatively elaborate drydock aligrunent work . 
Aligrunent afloat requires standards of accuracy 
just as high as those of original alignment. The 
main difference is that alignment afloat must be 
performed by weapons department personnel 
with equipment available on the ship, 

TRAIN ALIGNMENT refers to adjusting fire 
control and weapon systen1 elements so that 
they are in effect all parallel and :u·e all at 
ex.actly the same angle to a selected vertic al 
plane. 

ELEVATION ALIGNMENT refers to adjust­
ing these elements so that they are parallel and 
are all at exactly the same angle to a selected 
horiz.ontal plane. In both cases, alignment as 
defined asswnes that no ballistic corrections or 
parallax corrections have been introduced. Train 
alignment is commonly performed separately 
from, and before, elevation alignment . 

ALIGNMENT ERRORS 
AND THEIR SOURCES 

In allgnrnenl ope1·ations, errors and discre­
pnncles can be traced back to three sources: 

1. Humsn error {observation error). 
2. Instrument er-ror (mechanical error) . 
3. Lost motion. 

Hwnan error is caused by factors such as 
failure or inability of operating or maintenance 
persoruiel to 1natch index marks or g1·aduations; 
tendency to misread, or to read with lin1ited 
accuracy, scale indications; failure to line target 
point.s up exactly with reticle crosshuir inter­
sections; and the like. This is necessarily caused 
by personnel incompetence; incompetence or 
carelessness may increase this source of error 
to serious proportions, however. i::ven the sharp­
est- eyed, most skillful, and n1ost conscientious 
person has his li1nitations. To keep ad)ustn1ents 
and observations as free of human error as 
possible under the usual conditions aboard shi p, 
working personnel take the following precautions: 

1. Each observation or measurement is made 
as carefully as possible. This requires that the 

operation itself be carefully prepar·ed and per­
forined . It is important also to use care in 
reacting dials - to count the graduations accu­
rately, and to look at the dial squarely to avoid 
apparent displace1nent (parallax effect) of the 
index or pointe1· and the graduations. 

2. Critical measurements are taken two or 
more times, and Uie recorded value taken is the 
mean (average) of these. 

3. Especially critical observations nlay be 
ta.lten not only 1norc than once, but by a different 
individual each time. 

Human error may be consistenUy in one 
direction and variable in a.mount, or (as Is 
rather more common) consistent neither ln di1·­
ection nor amowit. 

Instrument error (often called mechanical 
error) is caused by some kind of inco1·rect 
setting or relationship in the equip1nent. It may 
be caused by incorrect adjustment of a. pa.rl, or 
wear, or weakening of a spring, or warping of 
a shaft, or sny number of other causes. &uch 
errors may also be caused (in electrical or 
electronic equipment) by failure or weakening of 
a tube or capacitor, or other electrical malfunc­
tion. As clisllnguishcd from lost rnotlon (see 
below), instrun1ent error is gcne1·ally consistent 
in direction o.nd magnitude. \!/hen combined with 
the effects of human error and lost motion, 
lhls characteristic may be obscured. 

Lost motion is norn1ally caused by wear ru1d 
deterioration of pal'ts through either use or lack 
of use. The te1·n1 applies to looseness or slack­
ness of linkages of all kinds, whether caused by 
faulty or sloppy engagement of gears, excess 
end play or shafting, weakening or failure of 
springs, or other causes. A mechanism may, 
because of wear or other onuses, bind or stick 
in some ranges of its operation while it has lost 
motion in others. A minimal amount of lost 
inotion, like a minilnal amount of huninn er-ror, 
is in inost 1nechanisms impossible to avoid 
(though spring loading can in so1ne applications 
reduce it lo zero). and designers provide for 
such minima by necessity. But lost mot.ion 
must be taken up by resetting of parts, and 
replacement of worn parts, as required during 
repair work. 

In certain operations, maintenance pet·son.nel 
can vi rtually eliminate the effect of lost motion 
(but not lost motion itself) by approaching each 
critical observation or reading from a given 
direction. \\/hen doing this, if you overshoot, 
begin again and approach the desired value from 
the same direction. But if you are measuring 
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lost motion or actual instrument error itself, 
you approach first fron1 one direction and Lhen the 
ot.he1', taking a series of readings and averllging 
to ascertain the values you seek. See the section 
on nligrunent afloat for an example of this tech­
nique . 

l\ote that these three main types of error 
don't register sep!ll'ately; they are all nearly 
always present in some degree . The observations 
and readings you get includo the effects of oll 
l:.hree. The effects may either be additive, in­
creasing the net error , or sulitractive, partially 
canceling out and reducing the 11et error. 

IN'fl!:HNAL ALIGNMENT OPERATION<:; 

The internal alignmen• operations that arc 
nonnally considered within the scope and re­
sponsibility of a weapons department aboard 
ship include the following: 

1. Gunsight alignment (which Includes bore-
sighting) . 

2. Tramming (defined later in this section). 
3. JJench mark checking, 
4. Director sight alignment . 
5. Synchro zeroing. 

The first two of these (gunslght alignment 
and tramming) arc pcrfo1'med on gun mounts and 
tur1·ets; nun1bers 3 and 4 are performed on fi r e 
control di rectors; and the last is done with 
nearly all synchros. NO internal allgmncnt (with­
in the 1neru1i11g defined earlier in this chapter) 
is perfo1·med on fire control computers or stable 
elen1ents. 

The five types of allgrunent Opel·ations listed 
above are not the only internal alignment opera­
tions that n1ay lie required; they are simply the 
types of alignment ope rations that can normally 
lJe pedormecl llfloat by the ship 's force. There 
ar-e other internal aligi1n1cnt opetalions that may 
lie requit·ect in dryclock or during ship construc­
tion or major alteration. These Include aligning 
U1e gun trunnions ; shimming the dll'ector, 1nount, 
o.r turret roller paths to eli11'lnnte Wnt'!)ing; 
insta.lling bench marks and tram blocks; and the 
like. All of these require either the lifting of 
major armament units liko turrets or mounts, 
01· extensive resurveying of the fi1·e control 
installnlion•s geometl·y, using special procedures 
and equipment such as theodolltes and transl ts 
which are not normally carried aboard combat 
ships . Operations such as these are not de­
scribed in this book; they arc described in 
OP 762, Alignment of Ordnance Installations 
Aboard Ship. 

GUNSIGHT ALIGNMENT 

Gunsight alignment is that part of battery 
alignment which invoh•es the mechanical align­
ment of the parts n1aking up each element -
namely, alignment within each mount, turreL. or 
gun of the balte1·y. Gw1sight aligrunent is usually 
the initial step in battery alignment, and consists 
of three procedures: 

1. BOH£SIGHT!l'G. The pointer's and train­
er 's telescopes do not lie on the axis of the 
gun• s bore. For firing at short r anges in local 
control, they must, therefore, be aligned so that 
their sighting axes intersect the extension of 
the lX>re a.xis at U1e target. Since the gun bore 
is only a few feet fronl the sights, the error 
which may be caused by parallel alignment is 
very small. Thus, gunsights may be aligned 
either to mean battle rtmge for the battery in­
volved or along parallel lines (converging at 
infinity). 

2, CHECKING FOHLOST il'lOTION. The values 
of sight angle and sight deflection as set on 
the sights 1nust not contain inaccuracies due to 
lost niotion in the sight 1ncchanism. 

3, CH ECKING FOR PAltALLELIS:l\1 OF 
SIGHTS. Sight angle or rru1ge settings must 
elevate or depress the sighting axes of the 
telescopes ill a plane perpendicular to the trun­
nion axes, and deflection settings must move 
the sighting axes of the telescopes in a plane 
parallel to the trunnion. Jn other words, the 
sights must be nligned for parallelism. Thls 
is not normally performed during alignment 
opernt!ons while afloat. 

Boresighting 

The object of boresightiog is to 1nake U1e 
sight axes and U1c bore ru<is converge at e ither 
(1) a specified range or (2) infinity, with the 
range scale and the deflection scale read.Ing 
their zero \•alue in either case. 

In order to adjust the sights in this rnanner, 
a boresight telescope n1ust be used, This is a 
telescope that m ny be mounted in the bore of 
a gun and adjusted so that its line of sight 
coincides with the axis of the bore. Then by 
sighting through this telescope and through the 
sight telescopes simultaneously, the lntter may 
be adjusted to obtain convergence or pa1·allelism. 

There are two main types of boresights: 
the breech-bar type and the type with self­
contained optics . 
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A breech-bar boreslght consists of (l) a 
boresight telescope, (2) an adapter for install­
ing the telescope in the gun, and ( 3) a muzzle 
disc used for aligning the telescope 011 the axis 
of the bore. \Vith bag-type guns, the adapter 
takes the form of a breech bar that can be 
Installed across the screw box. A breech- bar 
borestght can also be used for boresightlng a 
5"38 gun, but v.ith a different type of adapter . 
The same boreslght telescope cnn be used in 
boresighting guns 5 to 8 inches in caliber (ex­
cept the dual-purpose 6"/47 and the rapid-fire 
8" /55), if provided with the proper adapters 
and muzzle discs. 

Boresights with self- contained optics vary in 
construction, and even In principle of operation, 
from those that consist merely oi a iittlng with 
a small hole for the breech end and another 
with a pair of crosshalrs at the muzzle end 
to those that convert the gun into a huge (but 
low-power) telescope. Boresights with self- con­
tained optics are designed to fit specific guns; 
no parts of them are Interchangeable between 
guns. 

The bo1·esighting process with either major 
type of boresight ls s ubstantially s imilar, except 
tho.t breech-bar boresight telescopes must first 
be aligned on the gun bore axis by sighting 
on the muzzle disc, This step is not necessary 
when using boresights with self-contained optics. 
This section describes boresighting with a breech­
har boresight, because it requires this e>.1:ra 
operation. Otherwise, once the self- contained 
optlcs boresig~t is Installed, the procedure is 
exactly like that for breech-bar boresights (de­
scribed later). 

Boresight Apparatus: Breech- Bar Type 

The equipment required at the gun to bore­
s ight a bag gun includes - as noted in the pre­
ceding paragraphs -a breech bar, a boresight 
telescope, and a muzzle disc. The equipment 
and method of mounting on a gun are shown in 
figure 8-1. 

The breech bar is a precision- 1nachined bar 
which can be attached to the face of the breech 
by two screws. There is a hole through the 
midsection to receive the outer tube of the 
boresight telescope. 

The boresight telescope tube is mounted 
within an outside adjusting tube which screws 
into the breech bar o.nd Is locked by means of 
the locking ring. \V!thin the adjusting tube, 
the telescope is mounted in a spherical bearing 
which permits the telescope to be adjusted in 

both the horizontal and the vel'tical plane by 
means of four adjusting screws, so that the axis 
of the telescope cnn be made to coincide with 
the axis of the bo re . The telescope hns three 
r ings neat· the eyepiece: (1) the r et icle focusing 
ring fo,. focusing the eyepiece to the individual 
eye, (2) the objective focusing r ing for focusing 
the telescope on the target and eliminating 
parallax error (apparent target displacement 
when the eye is s hifted about t he optical axis 
of the eyepiece), and ( 3) the rotating ring, which 
permits i·otat ion of the telescope about its axis 
within the outer adjusting tube. 

The muzzle disc is a circular casting de­
signed to flt snugly in the muzzle of the gun. 
Through the center of the disc is a small hole, 
and around it are four larger holes, arranged as 
shown in figure 8- 1. Etched rings around the 
edge of the disc provide n1eans for fitting the 
disc In the inuz.zle perpendicular to the axis 
of the bore. Notches are engraved on both 
disc and gun as index marks. \Vith these index 
marks matched, one row of holes Is aligned 
vertically and the other horizontally with re­
spect to the gun . The purpose of the disc is 
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110.80 
Figure 8- 1. - noresight apparatus. 
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merely to assist in the alignment of the bore­
slght telescope axis with the bore axis. 

Once aligned, the muzzle disc is removed 2I1d 
has no further part in the boreslghtlng of the gun 
until the final stage, when it is remounted for a 
recheck of alignment to assure that no error has 
crept ii\ during the process. Boreslghts with 
self- contained optics do not require the use of a 
muzzle disc in obtaining allgnnient with the bore 
axis. 

Boreslgbtlng Preparation 

The general steps necessary In getting the 
gun ready for bo«esighting !ll·e as follows: 

l. Ascertain that the pointer 's und trainer's 
scopes are clear, focused, and Cree from paral­
lax. 

2, Hemove all evident lost motion from the 
sight meche.nlsm (refer to the section on "LOose­
ness of Parts and Lost .Motion" that follows) . 

3. Lash back the breech plug so that motion 
or tho ship wlll not swing the plug against the 
boreslght apparatus . (For case guns, make sure 
that the breech block is securely held down.) 

4. Install breech bar, boreslght telescope, 
and mur.zle disc. (For boresights with sclf­
contalned optics, only the boreslght components 
are installed. No muzzle disc or breech bar is 
required; therefore steps 5 and 6 below are 
unnecessary.) 

5. Focus the boresight telescope and center 
\he crosshalrs on the small center hole lo the 
muzzle disc, using the four outer holes to align 
the crosshalrs vertically and horizontally. 

6. Remove the muzzle disc. 
7. Set the range sea.le at zero (sight angle 

scille set at lts zero villue -usually 2,000 min) 
and deflection scale at the midpoint (usually 
500 mils). 

Choosing A Target 

A target with a clearly defined and visible 
point ls suitable for boresighting In both deflec­
tion (train) and elevation. In the absence of such 
a target, two targets may be u86d: one with 
a clear vertical line of boreslghting in deflection, 
and one with a clear horizontal line for bore­
sighling In elevation. 

J{ the guns are being readied for a specific 
gunnery practice, the target selected should be 
at the range specified for that practice. For 
general use a target should be chosen at about 
the range at which the guns being boreslghteci are 

most effective, called the mean balUe 1·ange. or, 
U a parallel alignment is desired, a distant target 
like the moon or a star rney be chosen. \\'hen 
the moon is used it i s called "shooting the 
moon." For elevation only, the horizon often 
makes an excellent target, especially for such 
guns as the 5-lnch and 6- inch, for which It roughly 
corr esponds to mean battle range. 

Looseness of Parts and Lost Motl on 

Before beginning the actual boreslghtlng, check 
for looseness of parts and for lost motion 
In the gun sight mechanism. 

Tocheck for looseness of parts, first sight on 
some convenient target. Then manually shake 
all ndjustable parts, and recheck the Ct'osshai1·s 
on the target. If the sights are off, tighten the 
linkage and try ugaln. This check should be 
performed Independently for the trainer 's and 
pointer 's telescopes. 

To check the sight mechanism for lost motion, 
set the sights so that the crosshairs are on a 
iarget whose position with respect to the gun 
remains fixed. Use a point on the ship itself or, 
if the ship ls in drydock, a target outside the 
ship. \\lhlle this check is going on, keep the gun 
sto.tlona,.y. 

Set the sights at ntaximum range on th!l range 
scnle and then return them to their original set. 
ting. If there is no lost motion, thll horizontal 
crosshalr wlll return to its exact position on the 
target. Make a similar check for the ''ertlcal 
crossha!r by setling maximum sight deflection, 
returning to original deflection setting, and ob­
serving change due to lost motion, U any. 

If there is lost motion in the Sight mechanism, 
it can be removed by taking up excessive play 
or clearance between moving parts. 

Boreslghtlng The Gun 

To boreslght in train, b1·1ng the gun to bear 
on the target so that the vertical crossbair of the 
boreslght telescope iS aligned with a vertical 
mark on the target. As the ship pitches and 
rolls, at the instant when the boreslght Is on, 
the man at tho boresight calls "mark." II the 
pointer's and trainer's vertical crosshairs 111·0 
not on target at this instant, adjust the sight de­
flection Input coupling lo the telescopes until 
all vertical crosshairs are on at "mark." Simi­
l arly, to boresight in elevaUon, align the hori­
zontal c1·osshal 1· of the borosight telescope with 
a horizontal mark of the tal'get . Adjust the sight 
angle Input coupling to the telescope until all 
telescopes are on with the bo1·csigbt telescope. 
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The sight checker's telescope should also be 
adjusted in both deflection and elevation. 

After boresighting, recheck for looseness of 
parts. Before securing, place the n1uzzle disc 
in the gun (applicable to breech-bar boresights 
only) to make sure that the boresight line of 
sight ls still coincident with the axis of the liore. 
If it is not, boresighting must be repeated. 

Checking Parallelism of Sights 

As mentioned earlier, this is not normally 
perfor·med as a separate operation except while 
the ship is at a shipyard, and it will therefore 
not be detailed here. In one method of perfonn­
ing th.is check, a flat wooden screen with suitable 
target markings (Called a batten) is secured to 
the gun barrel near the muzzle, and the parallel­
ism of the sights is checked by observing how 
accurately the s ight reticles follow the target 
markings as the gun is elevated and depressed. 

The boresighting procedure for an i nfinitely 
distant target, as described above, adjusts the 
sights for parallelism with each other as well as 
with the bore axis. 

Other Boresighting Methods 

Except for the alignment steps requiring use 
of the muzzle disc, the boresighting method using 
self-contained optics boresighting resen1bles the 
method described above. Boresighting at battle 
range r ather than infinity is common for smaller 
gun n1ounts; this requites ei~her selection of a 
target at suitable range or the use of marked bat­
ten boards mounted on the deck. The batten 
board method is used relatively rarely and will 
not be described here. 

Tramming 

\\tben you measure gun elevation and train, 
you specify the angle between the axis of the 
gun bore and a plane parallel to the selected 
horizontal reference plane (for elevation angle), 
or between the axis of the bore and a plane 
through the centerline of the ship and perpen­
dicular to the selected horizontal plane (for 
train angle). 

\Vhen a gun mount or turret is installed, its 
train angle and elevation angle are very care­
fully measured at selected gun mount positions. 
The selected positions for train and elevation 
are accurately designed by metal markers or 
tram blocks welded to the structure of the gun 
mount, These selected angles of elevation and 
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train are recorded in the battery or mount log, 
and remain on record so long as that ordnance 
installation remains on the ship. Tran1ming is the 
procedure for verifying that when the mount or 
turret is positioned at the selected angles, the 
train and elevation indicators display the values 
prescribed. There is but one elevation angle and 
one train angle at which any individual mount or 
turret can be trammed, 

Trani blocks are steel blocks welded to the 
n1ount structure in pairs, one pair for elevation, 
one for train. Figure 8-2 illustrates 5" /38 tram 
block arrangement for a single mount. One of the 
pair of blocks for elevation is secured to the 
n1ount carriage (which does not move in elevation); 
the other of the pai1• is secured to the slide (which 
does). Similarly, one of the pai1' £01· train is welded 
to the mount base ring, which moves in train; the 
other is welded to the stand, which is secured to 
the deck. Tram1ning in train is one operation and 
tram1n!ng in elevation another, These operations 
are performed successively. Only one tram is 
used at a time, not two at once. 

A typical tran1 block for a 5" /38 mount is 
sho\\11 i n cross section in figure 8-3. lmbedded 
in the block is a short steel rod whose outer end 
is cupped to lake the tram. The tran1 block 
face is covered with a metal cap and packed 
with grease to prevent corrosion. The block is 
uncovered only for tramming, and is repacked 
when the cover is replaced. 

' SJAl\I) 

POSITION Of TRAM 
I~ TRAI~ 

55,312 
Figure 8-2,-Tramming a 5"/38 single mount in 

elevation and train. 
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TRAM 

PLUNGER T RA M BARREL 

SPRING 

4. Take a reading on the traln- angle indi­
cator dial. It should agree exactly with the 
value given In step 1 above. L! not, the indi­
cator should be adjusted until It does. 

The lrnn1ming operation In elevation is 
silnilllJ' to that for train, except that the mount 
n1ust first be t r ained to a point at which roller 
path compensation is zero. (This Is 90° from 
the roller path high point.) This t •·ain angle Is 
recorded in the fire control log, or can be read 
on lhe roller path compensator dial. use the 

TRAM GAGE · elevation tram blocks and elevation angle dial. 

TRAM 8 LOCK ROD 

GREASE 

BRASS COVER 

TRAM 
BLOCK 

COVER REMOV ED 

84.285 
Figure 8-3. -Trnn1, tr nm gage, ancl tram block . 

The tram itself bas two rounded ends. One 
is part of the body or bal'rel, and the other is 
part of the spring- loaded plunger that can move 
within tho barrel. Across a smflll window in the 
barrel is an index line. A line on the sleeve is 
matched up wiLh the barrel index line by moving 
the sleeve ln the barrel. 

Hero ru·e the main steps for tram1ning in 
train: 

l. Set the mount par·a11ax Indicator (if any) 
at zero. Train the gun until the train- angle 
indicator shows that the mount ls at the ap­
proximate train angle for tramming. The value 
of the angle is entered in the battery log. 

2. Uncover the tram blocks for tramming 
in train, aud seat the ends of the tram firmly in 
the rods of the blocks. Train the mount if ne­
cessary to do this. 

3. vVlth the triun ends seated, train the n1ount 
carefully ln MANUAL to compress the tram 
until the marks on bar rel and plunger line up 
exactly. 

The same tram is used in elevation and train. 

BENCH )!ARK CHECKING 

Director sight aligmnenl is in principle ana­
logous to {,>Un mount boreslghtlng and sight 
alignment, and bench n1ark checking of a direc­
tor is equivalent to gun mount tramming. It is 
important that the director be bench-mark checked 
before any guns are aligned with it, ;\ bench 
mark is an engraved metal plate secui·ed to a 
fixed point on the ship's structure (e.g., the 
deck or a fixed buLltllead on the superstructure). 
\Vhen the director is cranked to a prescribed 
position In elevation and tJ·sin, the director 
pointer , looking through bis telescope, should 
see the reticle 's crosshni rs coincide with the 
bench mBJ·k 's engraved target dlagra.in. This 
is the principle of the use of the bench mark. 
In practice, the basic procedure is npproxi­
mately as follows: 

1. lf the director uses parallllX corrections, 
set these at zero. 

2. lf the director uses inputs of level and 
crossle,,el, set these at zero. 

3. Obtain the bench mark reading from the 
ship's records. 

4 . Move the diJ·ector until the crosshai rs of 
the pointer 's telescope are on the bench mark. 

5. The train and elevation dials should now 
read the previously recorded bench mark values. 
lf they do not, the dials must be adjusted until 
they do agree with the bench mark values, with 
the crosshairs still on the bench mark. 

Because of fleXing of the ship's structure 
while afloat, small periodic errors may develop 
which cause correspondingdlscrepancies in bench 
1nark observations. So long as they do not in­
crease systematically in one direction, and so 
long as they remain smflll (on the order of 2 
to 3 minutes), the weapons officer mny choose 
to Ignore them. \Vhenever a ship Is bumped 
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while n1ooring 01· weathers a bad storm at sea, 
it is a good idea to check bench mark values at 
the first opportunity, 

DIRECTOR OPTICS /\NTI RADAR 
t\NTENKA AL!Gl\?<lENT 

Present types of gun fire control directors 
range from smoll leacl-con1puting types with but 
one lead-computing sight and no r adar to direc­
tor s with two telescopes, slewing or battery 
of!icer•s sight, stereoscopic rangefinder, and 
radar antenna. Tho details of sight alignment 
procedures vary from one mark and mod to 
another, but the princ iples for all of them are 
similar, and rese1nble those brought out in 
connection with gun mount boresighting. As they 
apply to fire control di r ectors, these principles 
can be summarized as follows : 

1. One line of sight (in the Mk 37 director, 
for exan1ple, that of the pointer's telescope) is 
used as a reference for train, elevation, or 
both. All other lines (in Mk 37 the train tele­
scope line of sight, the rangefinder line of 
sight , the slewing sight line of sight, and the 
radar anteruia axis) are adjusted to it. Th!l 
reference line bas or iginally been adjusted on 
the director bench inar k. (See the previous 
article.) 

2. All ballistic cor rections are reduced to 
zero, parallax correction is set at zero, and 
level and crosslevel a.re locked at zero. 

3, A suitable target is selected at a minimum 
range of several thousand yai•ds (the exact value 
is prescribed in the applicable type commander' s 
instructions), ancl the director is trained and 
elevated until the reference line of sight is 
aligned with Uie target. The other lines arc then 
adjusted so that all a.r e on the same target. 
An astronomical body is suitable for this op­
eration so far as optical lines of sight are con­
cerned, but not for radar. 

4. The radar antenna axis is aligned with 
the ot11er lines on a dis tant visible nonnstronom­
ical t arget (hellcopter or radar r eflector mounted 
on a moto r whale boat) that gives a clear 
response on the 1'adar tube and provides opt i­
cally and on radar a good point for alignment. 
The procedure is first to put the director pre­
cis~ly on target opticolly, and then to adjust 
antenna alignment to give optimum "on target" 
indication in the rad8l·scopes. 

s. Dials nnd synchro transmitters may be 
aligned at a suitable point in the procedure. All 
dials should agree with the dial on the refex·ence 
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line of sight instrurnent (e.g .. in Jvik 37 directors 
this would be the pointer's dial) . 1\ll synchros 
should be zex'oed to the corresponding dials, in 
a separate operation. 

SYNCHI\O Z 8ROING 

Most fire contcol director s transrnil their 
outputs to other units in the system by 1nenns of 
a-c synchro tr ut1s1nission, The synchro-zeroing 
phase of inter nal alignment is designed to ensure 
that when a given dial or pair of dials r ead 
zex·o, the corresponding synchro transmitters 
are p!'oduclng the 7.ero- posltlon voltage pattern. 
The procedure for verifying the trnns1nitter zero 
position is lo let its output drive a synchro re­
ceiver to approximate zero position, then use a 
sensit ive a- c voltmeter to make the fine adjust­
ment: \Vhore synchro tnmsn1itters are paired 
in double speed, each synchro inus t be zero­
checked separately. Because bins voltages from 
sources outside the synchros arc used in some 
double- speed systems, the zero-checking should 
be done directly from the synchro terminals, not 
from terminal boards or other points in the cir­
cuit, 

Other types of synchros are zeroed by using 
modifications of this fundamontol procedure. 
For details of all synchro zeroing and other 
adjustment operations, see MIL HDBK 225 (AS), 
which supersedes OP 1303. 

ALIGN:.\iEl\T IN DRYDOCK 

So far as battery alignment is concel·ned, the 
\Veapons officer is concerned principally with 
alignment afloat, r ather than with alignment in 
dx•ydock, which ordinar ily occurs only at inter­
vals of two years or more. For this reason, the 
description of clrydock battery aligruuent oper­
ations is presented briefly and without full de­
tails. For details, see OP 762 and weapons 
detailed instructions issued by the :Naval Ord­
nance Systems Comniand and Type Commanders. 

ORIGINAL ALIGl\MENT ! !\ DfiYDOCK 

The original alignment of ordnance installa­
tions is made in drydock. Battery realignn1ent 
in drydock usually takes place during regular 
over haul periods the reafter . 

ll.S two principal phases are alignment in train 
and alignment in elevation. Jn the follo,.i ng 
discussion it is assumed U1at all clements of the 
system already have been prope1·1y installed and 
a.re functioning properly, 11.Ild that these elements 
arc mechanically aligned within themselves. 
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Ali&'Ilment in Train 

The purpose of battery alignment i n train is 
to adjust the battery so that when the dials are 
matched and no ballistics or horizontal parallax 
is introduced, the lines of sight of directors 
and guns, and the axes of the bores of the guns, 
are all parallel in train at any angle of train. 

The first step in actual alignment in train is 
to establis h a centerline from which to measure 
ho1'lzontal angles . In most cases, because of the 
interference of the ship's st:ructure, this line 
will take the form of an "off-set centerline" 
ashore, parallel to the real centerline of the 
ship. The centerline ls established by use of 
surveyor's transits. 

Next step ls to establish the center of rotation 
of each trainable ele1nent (such as gun motmts 
and director's). so that a transit may be set up to 
measure the true angle of train of the ele1nent, 
After it has been plotted, the center of rotation 
must be checked when the ele1nent is t r ained, 
\\'hen verified, the center of l'otation is perma­
nently engraved so that it can be used in the future 
checks. On enclosed mounts, the nlark is on top 
of the shield, 

It is now necessary to establish zero train­
that is, to set the train dials of each element so 
that when the dials read zero train, the line of 
sight or bore axis of each elen1ent is parallel 
tc the centerline of the ship, and pointing for­
ward. On the after elements the dials are set at 
180°, with elements pointing aft and parallel to 
the centerline. 

\Vith zero train established and the dials set, 
per'manent reference marks must be established. 
A bench mark and angular rending for each 
director and a tram reading for each 1nount or 
turret are established. At any future time when 
it is necessary to ver ify dial accuracy, each 
element can be trained onto its reference and the 
dial readings checked, as described earlier in 
this chapter. 

Alignment In Elevation 

After battery alignment in train comes align­
ment in elevation. The purpose of alignment in 
elevation ls to adjust the battery so lhat at any 
angle of train, and at any angle of elevation, the 
lines of sight of directors, the lines of sight of 
guns!ghts, and the ro<es of the bores of guns, will 
all be elevated by exactly the s ame angle above 
a common reference plane. (Again, we assume 
no vertical parallax or ballistic correction, and 
that dials match.) 

The reference plane chosen is an actual plane 
on the ship; that is, it is the plane of the roller 
path (main horizontal bearing) of one of the 
elements of the battery. Ideally, the plane chosen 
must have the smallest possible inclination be­
tween it and the roller paths of the other. ele­
ments of battery. The choice of this plane will 
vary, depending upon the type of ship. Because 
AA or dual-purpose battery directors can control 
1nore than one battery, one standfil'd reference 
plane for all batteries is necessary. 

Elevation alignment is principally concerned 
with one primary factor - the tilt or inclination 
of roller paths. The effect of the i·oller path tilt 
or inclination on elevation, if not corrected, is 
shown, greatly exaggerated, in figure 8-4. Each 
of the two gun mounts in the figure is elevated 
to the same angle {A) with respect to its roller 
path, but the angle of each (B and 13') with re­
spect to any common reference is not the same. 

The principal operation in elevation align­
ment in drydock i s the procurement and inter­
pretation of roller path data. Roller path data 
are actually a series of readings showing the 
inclination of a trainable element (usually a gun 
mount or director} at points all arotmd the roller 
path, relative tc some fixed plane. In drydock 
this is usually a horizontal plane established by 
a level. The relationship between any roller 
path and the horizontal is defined by the amount 
of t ilt at the highest point of the patll, and the 
relative bearing of this point. Figure 8-5 shows 
this diagrammatically . 

These data are determined by measuring 
roller path inclinat ion at regular angulfil' inter­
vals through the full arc of train possible with 
the mount or director, tabulating them, and 
plotting them on coordinate paper. The general 
procedure for plotting and interpretation of the 
data resembles the afloat system alignment 
procedure described later in this chapter. 

The instrument n1oSt commonly used for ele­
vation aligru11ent procedures i n drydock is the 
guru1er•s quadrant. This lnstrunient, which is 
illustr ated in figure 8-6, Is a high-precision de­
vice designed tc measure the angle of inclination 
of a flat surface with respect tc the true hori­
sontal. (The true horizontal is defined as a 
plane tangent tc the ear th's surface at the point 
of measurement .) Two types are in common 
use ; figure 8-6 shows the ~Ik 3 Mod 1, which 
is character ized by a vernier scale tc give n1axi­
mum accur· acy, The instrument consists of a 
base, the bottom of which i s ground to an accu­
rate plane surface, an a rc mounted perpendi­
cularly on the base, an arm containing a spirit 
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REFERENCE 
PLANE 

... w .... . ..... . .. . 

92. 46 
Figure 8- 4. - Effect of roller- path inclination on elevation. 
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Figure 8-5. - Relations hip between 
and horizontal. 

.92.47 
rolltn· path 

level, and a clamp a.rm. The level and clamp 
arms a.re pivoted. The clamp screw cnn secure 
the level arm at any desired position on the arc. 
The clamp arm is connected to the level arm by 
a tangent screw for making fine adjustments. 
The level ln the level a.rm is a slightly curved 
graduated glass tube filled with colored alcohol 
and containing an air bubble. The level arm 
also carries the vernier scale, which slides along 
the arc, and a magnifier glnss. 

In use, lhe instrument is placed with its flat 
base on the surface whose inclination is to be 

measured (the slide of a gun, for example) , \•1th 
the quandrant pivot toward the center of rotation, 
and the level and clamp arms are adjusted until 
the level bubble is cente1'cd In Its graduations. 
Small adjusttnents can be n1ade with the tangent 
scr.ew, and the inclination is l'ea.d with greatpre­
cls1on from the graduated arc nnd vernier. 

The other type of gunner's guadrant (not 
shown) ls the Alk 7 drum type. It 0perates in a 
manner similar to the :\!k 3, hut ls not as accurate. 

In gun mounts and turrets, compensators 
cor.rect for roller path Ult by adding a compen­
sating tilt algebraically, dependlng on mount 
train angle. The amount of the correction is at 
ench point in train equal to the amount of tilt, 
but opposite in direction. Figure 8- 7 shows the 
dial of a type of roller path compensator used 
in many 3" n1ounts. The "B" scale ls driven by 
the training gear and shows the angle (0° is clis­
played in the figure) between the present position 
of the mount and the high point of the roller 
path. The ''A" scale index pin, which is set by 
maintenance personnel, shows the amount of tilt 
tabulated or plotted for the high point of the 
roller path. This automnlically Introduces the 
proper elevation correction at every train angle. 
Index "C" shows mount t rain position (180° is 
displayed In the figure) . 

In ships "1th more than one director, most 
of the directors are normally equipped with 
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53.121 
figure 8-6.-Gurmer•s quadrant ;v1k 3 Mod 1 (ve rnier scale type). 

roller - path compensators which in p1·inciple func­
tion as described above. 

After the reference plane of the battery has 
been established, the ne:>--t step is to align the 
stable vertical or s table element so that t11e plane 
of its roller path is exactly parallel to the re­
fe t·ence plane. This is necessary because the 
stable element measures continuously the tilt 
of its roller path (which represents the reference 
plane) with respect to its gyrostabilized parts . 
Since thls corl·ection is applied to gun elevation, 
the stable elen1ont's roller path must be parallel 
to the reference plane, so that its tilt at any 
instant will be tlie san1e as those of the director 
and the gun mounts. 
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No roller path tilt corrector is provided for 
the stable ele1nent . Stable element correction is 
introduced by shimn1ing the roller path until it 
is parallel with the selected reference plane. 

This is a precision operation which requires 
(l) measure1nent of tilt with a gunner's quad­
rant , (2) tabulation and plolling of the tllt data, 
(3) calculation of the required thickness of the 
shims to be inserted under the roller path, ( 4) 
fabrication, machining, and installation of the 
shims, and ( 5) recheck through tho full angle 
of train with the gunner's quadrant. Figure 
8-8 shows a stable element with gunner's quad­
rant installed for checking alignment. 
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INDEX PIN 

' 0 

110.83.l 
Figure 8-7. - Roller path compensator. 

BATTERY ALIGN"ll!El\"!' AFLOAT 

Since a ship is not a rigid structure, upon 
loading and putting to sea the space relation­
ships between eleinent.s of a battery change, and 
correction fo1· these changes must be made. The 
process Involved is known as battery alignment 
afloat, and must be carried out while the ship is 
waterborne, by different procedures than those 
used for the original alignment In drydock, 

Before lnillating the actuo.J alignment proce­
dures, ensure that all elements are functioning 
correctly and that all transmission systems are 
properly adjusted. Have a 1·outine ti· ansmission 
check carried out just prior to the alignment 
check. (For more detailed procedures refer to 
OP 2456, Volumes 1 through 8.) 

TRANSMISSION CHECK 

Before proceeding "ith the alignment it is 
desirable to check the synchro transmission sys­
tem to assure (1) that the tr!lllsmitters are send­
ing out a correct electrical signal for a given 
mechanlco.J. input, and (2) that the receivers are 
accurately converting this electrlco.J signal into 
a mechanical or electrical signal equal to that of 
the transmitters. It ls first necessa1·y to set the 
synchl'OS to electrical zero. Any of several 
methods may be used, and each syncbl'o dial 

53,128 
t ·1gurc 8-8.- Gunner's quadrant installed to 

check allgnmP-nt of stable element. 

should read zero when that synchro is on elec­
trical zel'o. The next step Is tc check trans­
mission, which is accomplished as follows: 

l. :'llan the telephones at the stations to be 
tested. 

2. Set the fire control s"itchboard to transmit 
from: 

a. The directors to plot, 
b. Plot to the gun mounts. 
o. The directors to the guns directly (by­

passing the rangekeopo1· or computer, 
where possible). 

d. The stable element l.o the directors 
(to u·unsmit level and crosslevel). 
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3. Turn each transmitter to various read­
ings (usually in 10° increments) throughout its 
operating range and compare the received read­
ings with the t ransmitted values. They should 
check exactly. Any errors of position, direction, 
Ol' firmness of position s hould be investigated by 
standard synchro methods. Particular attention 
should be paid to the action of the receiver dials 
when corning to rest . They should stop quickly 
and evenly in agreement, and there should be 
neither sluggishness nor long oscillation. 

PURPOSE OF TRAIN AND ELEVATIO!\ 
ALIGNMENT 

Tr!Un alignment afloat is accomplished to 
ensure that, with ze ro settings of s ight de­
flection and parallax, the director and gun lines 
of sight and the gun bore axes are parallel 
(in the horizontal plane) when the director and 
gun ai·e matched at any point in train. 

Since it is impractical to use n1ultiple targets, 
train alignment is checked on a single tiu·get 
with parallax correction. \Vhen . the gun dial 
pointers are matched, proper parallax set in, 
ruid zero settings of sight angle Md sight de­
flection set i n at the guns , the director and 
gun lines of sight and the gun bore axes will -
if the systen1 is proper ly aligned- converge on 
any given target, at any range, and on any 
bea!'lng. 

To accomplish this check, it is necessary to 
introduce parallax both into director train (in 
multiple director installations) and into gu n 
train. It is therefore necessary to check the 
parallax systen1 before beginning the actual 
alignment. Proper correction of parallax error s 
is impor tant where there are a number of 
directors and large horizontal distances between 
units. Hence, all par allax correctors on guns 
and directors s hould be checked for: 

L Correct amount of parallax at various 
bearings and ranges. 

2. Correct direction of applied parallax cor­
rect ion. 

The purpose of afloat alignment in elevation 
is identical to that of elevation alignn1ent in 
d.rydock. This objective is attained by selecting 
some plane as the reference plane of the battery, 
so that the elevation of all units, when measured 
from that plane or a plane par all el to it, is 
equal. Ag!Un, a single target ( the horizon in 
this case) is used for the check. 

SYSTEM ALIGNMENT ll\ THAIN 
(TRAIN CHECK AFLOAT) 

After a bench-mark check has been rwi on 
the directo r , it is then possible to p1·oceed 
with actual alignment of the various battery 
ele1nents. Preferably, this should be done with 
the ship at anchor in sn1ooth water. If the 
battery has never been aligned afloat, a com­
plete train check must be made; otherwise, 
a preliminary test may be n1ade to determine 
if a con1plete check is necessary. The pre­
liminary test is conducted as follows: 

1. Establish telephone communication be­
tween director and guns. 

2. Set the switchboard for normal opera­
tion - i.e., director to plotting room, which 
in turn transmits to the guns. 

3. At the con1puter or rangekeeper, havo 
time motor off and power switch on. 

4. Set sight angle on 2,000 minutes and 
sight deflection on 500 mils (their >.ero values) 
on their res pee ti ve con1puter counters. 

5. Set and lock level and crosslevel at zero. 
6. 1\t the guns, set sight angle and sight 

deflection to thei r ,;era values; put the guns in 
local, hand, or mrumal control. 

7. Selact a distant target off one beam. 
Train the director until the vertical wire is just 
off the target, so that motion of the ship will 
carry the wire across the target. 

8. Obtain the range to the tnl·get by the most 
accurate means available, and set the parallax 
correctors to give the proper correction for 
this range. 

9. Match pointers at the guns. 
10. As the director line of sight swings on 

target, the director trainer calls (phone) "rna1·k" 
to the gun trainer. This is continued, the gun 
trainer meanwhile moving the gun, fr·om one di­
rection, until both gun and director telescopes 
are on the target at the same instant. The 
ainount of displacement between lhe foUow-the­
pointer dials at the gun is the amount of error 
and should be recorded. This process is re­
peated, with the gun trainer bringing his vertical 
wire on target from the opposite direction, and 
the error recorded . The algebraic difference 
between the two errors is the lost motion of the 
gun. The mean of the two errors is the gun erro1·. 
The example in table 8-1 illustrates how this 
is done. As sume that the process is repeated 
three times . The gun t rainer notes the following 
readings on the call " n1ark" as he trains his 
gun onto the target alternately from left ruid 
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Table 8-1.-Gun error and lost motion error 

(I ) (2) (3) (4) (5) 

Absolute 
Algebra ic Algebraic diffe rence 

Approaching- fron1 difference Approaching difference (between 
the left from from the fron1 (~0lllfl1S 

director r ight director (1) and ( 3) 
t·egardless 

of sign) 

l 010 .. '58' - - - - - - -2 01 l ''02' +Z 4 
2. 010'59' - - - - .. - -1 011°03' +3 4 
3. 010'°59' - - .... - .. -1 011 "03' 13 4 

Total - - - - -4 ------ +8 12 

right; the director calls "mark" on target at 
his tr:lln dial reading of 011°00' each ti1ne. 

The total absolute difference (regardless of 
sign) in the three sets of readings (total of 
column (5) figures) is 12; dividing this by the 
number of observations ( 3) yields the rnean lost 
motion; 4 n1inutes . Columns (2) and (4) show the 
difference in each reading between the dire<Jtor' s 
train dial indication and the gun n1ounts train 
dial indication at the instant of the call " mark" 
(when the directot train dial read 11°00'). These 
values bear algebraic signs. The column (2) total 
is -4; the column (4) total is +8; the algebraic 
sum is therefore +4. Dividing U1is by 3 to get the 
average, we have the value +l.33• (rounded). 
This is the b''"ll t r:lln dial mean instr ument 
error; it indicates that, disregarding lostmotion, 
the gun train dial tends to read on the aver·­
age 1.33 minutes higher than the di rector train 
dial (for the sanie target) without ballistic or 
parallax corrections. 

The principle described here applies wherever 
multiple readings are used to determine instru­
ment errors and lost n1otion. 

11. Repeat the process, using a target on the 
0U1er bea1n if practicable, and in any case a 
target at a widely different train angle from the 
first, and record the gun error and lost motion. 

The gun errors should be equal and small. 
U they are equal and large (2 or 3 minutes 
larger than the lost nlotion), it is an indication 

110.140 

that a constant error exists, and that this error 
nlay be corrected by adjusting the train response. 
In so doing, the dial which shows the actual 
train of the element (not U1e dial on the synchro 
receiver) must be moved. If the errors are not 
equal, a con1pletc train check is necessary. 

The complete train check is exactly like the 
test described nbove, except that a series of tar­
gets is used, at 10° or 15° inte rvals lf possible. 

The complete train check will furnish gun 
errors which, when plotted with their bearings 
as abscissas, should show a slightly ragged scat­
tering of points. A llne parallel to the abscissa 
which passes through the mean of these points 
(i.e., "ith approximately equal deviations abov-e 
and below the line) can be considered ns the zero 
error line. Its distance above the abscissa will 
be the constant error of the system, which can 
be removed by adjusting the response. If a sine 
curve results, i t indicates errors such as iln­
proper parallax settings. If the points a1·e er­
ratic with large deviations from the zero line. 
it indicates drunage to the dial drive shaft, such 
as a sheared coupling or slipping gears. 

SYSTEM ALIGN?>'IENT IN ELEVATION 
(HORIZON CHECK) 

To adjust the battery to i ts reference plane, it 
is necessary to compile data on the relative 
positions of all guns with respect to the re­
ference plane as represented by the line of sight 
of the reference director. This is done by means 
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of a horizon check, which compares the elevation 
angles on the dials of director and guns when all 
are lllid successively on a series of points com­
pletely around the horizon. If we compare di­
rector elevation and gun elevation at a con1mon 
point (horizon), after accounting for any known 
angular divergencies between the two units, such 
as that caused by the vertical distance between 
guns and di rector and the angle of the gun 
sights with respect to the bore axis {Sight an­
gle), their elevations should be equal. 

Figure 8- 9 shows the essential geometry of 
this operat ion. For the n1oment assume that 
there is no uncorrected inclination of the gun 
mount roller path, ::ind that the r eference plane 
is horizontal. The line of sight from the direc­
tol· telescope (Which is a little rnore than 100 ft 
above the sh.ip's waterline) to the horizon is AB; 
the line of sight from the sunsight telescope 
{about 17 ft above the water line) is CB. Both 

lines of sight are depressed below ti1e horizon­
tal; the higher you are above the water, the 
greater the depression angle or dip will be. 
(Ilowditch's A1nerican Practical Navigator has 
a table of dip values and range to ti1e horizon 
for inany values of height above the watet sur­
face.) Figure 8-9 shows a dip of -10' for line 
of sight AB and a dip of -4' for CB. The dip 
difference is -6'. 

To simplify mechanics of tabulation and cal­
culation, the gun is customarily elevated by an 
arbitrary elevation angle (in this case, 20') 
in perfonning the horizon check. Since the 
gunsight telescope is depressed 4' below the 
hori zontal because it is pointed at the hori­
zon, the value of sight angle is actually 24' 
(the sum of gun elevation and gunsight dip). 

On the gun mount dials, zero gun elevation 
{gun parallel to reference plane) is arbitarily 

///\ - 10'DIRECTOR 
DIP 

t 
PARALLEL 
PLANES / ' , 20Edg 

/ ,.._, ( 2020 ON THE 
""'~r,y.: Vs 24' J DIAL) 

) 
------ -- -r---

NUMERICAL 
EXAMPLE: 

_ 4'GuNs1GHT DIP 

GUN ELEVATION(Edg '): 2020 ' 

Vs 2 4 ' 

DIP DIFFERENCE 6 ' 
30~ - 30 ' 

1990 . 

-6. DIP DIFFERENCE 

DIRECTOR ELEVATION 

SYSTEM ERROR 

1990 ' (-10 ' ON Ed DIALS) 

o' 

B 

110.84 
Figui·e 8-9.-Horizou check for alignn1cnt in elevation using n1ount gun sight. NOTE: Nwnerical 

values given to angles are for purposes of illustr ation. Assume horizontal and reference planes 
coincide, 
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called, as you alr·endy know, 2,000' . The dir ec­
tor line of sight (LOS) is dipped - 10' when 
pointed at the horizon, If roller path tilt is 
correctly compensated in the gun mount {and in 
the director if the director has a compensiitor), 
then, after applying an algebraic cor rection 
equal to the sum of dip difference and arbit­
rary sight angle, gun ele\•ation should equal 
director elevation. (The gun elevation value 
cor responding to -10' director elevation is, of 
course, 1990' .) 

In figure 8-9, if we subtract sight angle 
(Vs) and dip difference fron\ gun elevation ( Edg') , 
we arrive at line CD of the dingr·nm {see 
numerical example as well). If CD is parallel to 
AB, the gun and director are elevated at equal 
angles above (or below) the reference plane, 
are aligned in elevation, and there is no syste1n 
error. Or, 

Edg'-(Vs +dip cliff,)= director elevation (Ed). 

Now, by rearranging these quantities s lightly, to: 

Vs + dip cliff, = Ed - Edg' 

we can obtain an array of values that provides 
for checlting with minimun1 time and effort. We 
simply subtract gun elevat ion from director 
elevation (values read at each different angle of 
train) and the results should equal sight angle 
plus dip difference (val ues that a re set and remain 
constant throughout the check). 

Steps in perfortning a horizon check are as 
follows: 

I. Choose n day when the s hip has Ii ttle roll 
and the horizon is clearly defined. 

2. il'lan stations and phones. 

3. Make s ure that the s ynchro trans mission 
system has. been checked recently, and that the 
director has been checked on its bench nlark. 

4, If poss ible, use the reference di rector , 
which has no roller- path inclination compensator . 

5. Record the roller-path inclination com­
pensator setting on the gun concerned. It should 
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agree with the vn!ue determined during the last 
system alignment check in elevation. 

6. Look up the height of gun and director, 
and compute the dip in the horizon for each. 
From this informat ion you can conlpute the dip 
correction for each gun, by subt racting the dip 
angle for· the gun f rom that for the di rector. 

7. Set the dials of the computer or range­
keeper so that no corrections i n elevation are 
introduced by its mechanism. 

8. If the test is to be perfor n1ed with the 
boresight telescope, install it . If the gun sights 
arc to be used {the norrnal procedure), they must 
have been boresighted recently. Set a posit ive 
V'alue of sight ru1gle at the gun and record this 
setti ng. The purpose of setting in this sight 
angle is to ensure thnt the elevation reading of 
the gun will be higher tl1an tl1at of the director 
at al l bearings. 

9. Train the director to a given l>enring; 
elevate or depress the director line of sight so 
that it will 010\'C across the hori zon as the ship 
rolls. Record for later reference the value of 
director elevation used on each bearing. 

10. Train the gun to the smne bearing as the 
director, 

11. The gun pointer depresses his gun until it 
is approxi1nately on the horizon. \Vhen the di­
rector sight crosses the horizon, the director 
pointer calls "mark, " and the gun pointer turns 
his handwheels until his line of sight crosses the 
horizon sin1ultnneously. \Vhcn he is on, hechecks 
back to the director exactly on the mark, so that 
when either one calls "mark" the other will be 
exactly on the hori zoo. To eliminate lost motion, 
always move the di rector and gun lines of sight 
onto the horizon fron\ the snn1e direction, 

12. \Vhen the gun is on, read and record both 
the mechanical and the follow-the- pointer dials. 
The follow- the- pointer dials will read the total 
uncorrected gun error, which should equal the 
difference between the director elevation and the 
gun elevation as read fron\ the 1neehanical dials. 

13. Repeat the foregoing process at 10°or15° 
intervals throughout the training arc of the gun. 

14. Obtain Ute Ltncorreeted gun error by sub­
tracting the director elevation from the gtU\ read­
ing {never the reverse), and record the result for 
each bearing. 
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A sample of datn obtained in this way follows: After plotting and drawing the curve, find the 

Bearing Gun 

o• 1990 
15° 1991 
30° 1993 
45° 1993 
60° 1991 
75° 1990 
90° 1988 

105° 1987 
120° 1988 
135° 1990 
150• 1988 
165° 1990 
180° 1992 
195° 1990 
210• 1991 
225° 1992 
240° 199 1 
255° 1995 
270° 1994 
2s5• 1995 
soo• 1993 
315° 1990 
330° 1987 
345° 1988 
360° 1990 

*High point. 
**Low point. 

Director 

1976 
1979 
1982 
1981 
1978 
1974 
1968 
1963 
1960 
1958 
1951 
1950 
1950 
1940 
1946 
1948 
1948 
1955 
1957 
1963 
1965 
1966 
1968 
1972 
1976 

Difference 
(uncorrected 
gun error) 

14 
12 

*11 
12 
13 
16 
20 
24 
28 
32 
37 
40 
42 
44 

••45 
44 
43 
40 
37 
32 
28 
24 
19 
16 
14 

The data tabulated above are plotted by the 
method shown in figure 8-10. Note that the differ­
ence between gun elevation and director eleva­
tion varies with different angles of train. If the 
roller path compensator had been properly set 
(no unco n ·ected inclination) , these differences 
would have been constant and the data would 
plot as a straight line. As it is, however , the 
differences vary, indicating uncorrected incli­
nation, and the data will therefore plot as a 
sine curve. The exa1nple shown here is for the 
full 360° arc of train, which is a condition 
almost never realized in practice. Hence, while 
both a high point and a low point are shown on 
our sample curve, only one of these points may 
be present on the curves obtained in an actual 
installation. 

zero axis (i.e., the curve's axis of symmetry, 
which is parallel to the abscissa or x-axis). 
Either of two methods may be used: 

1. If both the high point and the low point 
have been plotted, add the high point and low 
point values. and divide by 2. The resulting 
value is the ordinate (y-axis value) through 
which the zero axis passes. Plot this either on 
the y-axis or on the curve, and draw a line 
through it parallel to the abscissa. You have 
nO\V dr a.v.rn the curve1s zero axis. 

2. The alternate method, which is usable if 
either the high or low point has been plotted, 
is to tnke a point on the sine curve 90° from the 
high point or the low point, and draw through it 
a line par allel to the abscissa. 

The distance of the zero axis nbove the ab­
scissa represents the error due to all causes 
other than roller-path i nclination. Figure 8-10 
shows how this er ror is broken up into com­
ponent parts. Sight angle and dip correction are 
known values; the remaining error represents 
the system error. This constant system error 
can be re1noved by adjustment of the elevation 
r esponse at the gun. When this is done, tram 
values in elevation will have to be corrected. 

The low point of the curve represents the 
bearing and inclination of the high point of the 
gun roller path, with respect to the refe rence 
plane (in this case, the director roller path). 
If no low point is shown on the plotted curve, it 
may easily be calculated, since it would occur 
at a bearing 180° from the high point of the 
curve. Further, it would occur at the same 
distance from the zero axis of the curve as did 
the high point. The bearing of the low point of 
the curve represents the bearing of the high 
point of the gun roller path. The distance of 
the low point below the zero axis of the curve 
represents the inclination of the gun roller path. 
In the example shown in figure 8-10, the high 
point of the gun roller path (represented by the 
low point of the sine cur ve) is at 30° t r ain, and 
the inclination at that point is 17 minutes. Thus, 
for this example, the following desired data are 
available: 

Bearing of high point . . . 
Inclination of high point . 
Constant error of systen1 • 

30 degrees 
17 minutes 
6 minutes 

Note that the low point of the sine curve is 
the high point of the gun's roller path. \Ve know 
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w 
(.) 

z w 
ffi 2 0 ~f:.--
"­
"­
Q 

IN1,,L. AT HIGH 
POINT: 17 ' 

SIGHT ANGLE 20' 

SYSTEM ERROR 6' 

0 90 160 
DEGREES TRAIN 

270 360 

110.85 
Figure 8-10.-Sine curve plot of horizon check data. 

that the uncon1pensated roller path inclination 
plots as a sine curve. \\'hen the gun is t r ained 
to the highest point on its roller path, the actual 
gun elevation to the hori zon will be at its lowest 
value with respect to the r eference plane. This 
occurs because the gun's roll et· path has not been 
completely corrected to the refe rence plane. In 
other words, the high point of the gun' s roller 
path has raised the gun above the reference 
plane, and to elevate to a given target now re­
quires less elevation angle between the gun bore 
a.'<is and the gun roller path. With gun elevation 
at its lowest value, the difference between gun 
and di rector elevation will be a minimum; a 
minimum difference is the low point of the sine 
curve. 

CALCULATING CORRECT 
COMPENSATOR SETTING 

The horizon check ls usually made "ith some 
setting already on the roller-path tilt compen­
sator. The tilt found by the check, therefore, is 
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not the total inclination but only the unco1·rected 
inclination. It is an additional inclination to that 
for which the con1pensator has been set. This 
newly discovered inclinat ion n1ust be added vec­
tor ially to the inclination previously known to 
exist , in order to detern1ine the total inclination 
for which the con1pensator must be set. This 
may be done graphically, as shown in figure 8-11. 
In this figure the results obtained previously 
were us ed to illustrate the method, which is as 
follows: 

1. The line OA is drawn to represent zero 
train. 

2. The original setting of the compensator 
(8 .5' at 150°) is plotted as line AC. This i s done 
by measu r ing off the angle clockwise from OA, 
and measuring the inclination on that line to a 
convenient scale. 

3. The inclination found (17') is plotted as AB 
on bearing 30 degrees. 
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110.86 
Figure 8-11. - Compensato1·- selling calculation. 

4. CV Is drawn parallel to AB, and BD is 
drawn parallel to .4C. These lines intersect at D. 

5. A line AD is drawn from the origin to D . 
This line represents the total Inclination. Its 
bearing (59") and length (15') may be read ac­
cording lo the previously established scale. 
These are the data that must be set into the 
compensator. 

Jt should be noted that compensators are con­
structed to read the error rather than the cor­
rection. Thus , if the error is 15' at 59•, the 
bearing scale Is turned to 59°. Then the incli­
nation of 15' ls set on the inclination scale, and 
the adjustment ls completed. 

SllvlPLE ELEVATION CHECK 

\Vhen at sea, it Is desirable to perform a 
si1nplc elevation check at frequent i ntervals. The 
inethod is the same as that in the horizon check, 
except that each gun Is checked at only one point 
on the horizon. T he difference between gun and 

director reading after correction for sight angle 
should equal the dip correction. lf it does not, 
an error of so1ne sort Is present and must be 
Investigated. 'Before tmdertaklng a complete 
hori zon check as a result of such dii;agrcernent., 
however, check to sec that the transm.ission 
system is functioning properly. and that the 
roller-path tilt compensnto1· is at its proper 
setting, both for bearing ancJ for lncllnnlion. 

CHECK OF AUT0'.\1/\TJC 
FOLLO\VUP SYS'fF:'.\1 

After a battery has been aligned in elevation, 
a test of the automatic followup system should 
be made. This Involves lro.ining on a target, set­
ting up the problem ln U1e com;>uter and 
positioning the gun in automatic (using computed 
gun orders), setting the sights according to gene­
rated sight angle and slghtdeilcclion, and checking 
lo see whether the gun telescopes are on target. 
If they are not on target, the amount that sight 
angle and sight deflection must be changed 
from the computed values to bring the sights 
on target rep1·csents the error of the system. 
To eliminate trunnion lilt errors when this 
l.Bst is made, lt should be done when there is 
ll ttle or no roll. 

The preceding discussion of baUery align­
ment has deall only with gun batteries. Proper 
alignment is equally Important in any other 
di1·ector- controlled bnltery such as torpedo, mis­
sile launcher, etc.; but the methods used \vill 
vary \vith the characteristics of the battery to be 
aligned. 

FIRING CUTOUT '.\II.::CHA?\ISMS 

Jn terms of the definition of battery align­
ment at the beginning of this chapter, the battery 
is aligned when, with the dials matched and paral­
lax on zero, all the lines of sight and the axes 
of all gun bores are parallel, regardless of the 
ordered angles of gun train and gun elevation. 
In practice, however , lhe bntt.ery chec.k is not 
complete until: (1) the firing cutout cams In 
each gun have been plotted, cul, and installed; 
and (2) the firing cutout mechanis1ns have been 
checked, with the cams Installed, to ensure that 
both the mechanical and the electrical firing cir­
cuits are interrupted properly whencve1· the guns 
move from a zone of safe fire to a danger zone. 

Firing cutoul n1cchanisms are designed to 
inter1·upt the mecha11ical and electrical firing 
circuits whenever the guns are trained or 

310 



Chapter 8- INTRODUCTION TO GUN BATTERY ALIGNMENT 

elevated to a position where firing the guns 
would endanger ship's personnel or dSJnnge 
own ship. They should not be confused with 
the fraineworks of steel tubing or depression­
stop cams that are used to lin1it the movement 
of some light machine guns to safe zones of 
fire. Firing cutout mechanisn1s do not i nterfere 
with the free movement of the gun; this is done 
by the train and elevation lin1it stops. 

The Naval Ordnance Systems Command (Nav­
Ord) has issued strict, mandatory instructions ­
summarized in the next section- for the gui­
dance of personnel responsible for plotting, 
cutting, installing, and checking firing cutout can1s 
and mechanisms. In addition, special instructions 
not detailed here govern partlcular gun instal­
lations. 

The importance of firing cutout n1ecbanisn1 
layout, adjustment, and maintenance is difficult 
to overemphasize. l/Iany casualties in which a 
ship's guns have fired into her own structure 
have been traced to the neglect of firing cutout 
mechanis1ns, or they have resulted fro1n some­
body's deliberate bypassing of these mechanisms. 
Every one of these casualties could have been 
prevented if the firing cutout 1nechanism had 
functioned properly. As was pointed out in the 
first chapter of this text, safety Is a universal 
objective in all proceditres relating to ordnance 
and gunnery. That is why firing cutout mech­
anisms must function effectively i n all mounts 
and turrets in which they are installed. 

NAVORD REGULATIONS FOR FIRING 
CUTOUT CAMS 

Firing cutout 1nechanisms are designed to 
prevent firing into permanent parts of the ship 's 
structure. In plotting the firing cutout cam, 
all removable parts of the ship's structure 
such as stanchions, handtails, lifelines, chests, 
and lockers are disregarded. Such movable equip­
ment as boats, cranes, boo1ns, davits, ru1d hatches 
axe secured in such a manner as to obstruct 
the line of fire as little as possible. The firing 
cutout cam is plotted around this secured posi­
tion of the equipment. 

Personnel, such as other gun crews and 
lookouts, that are stationed within the possible 
line of fire must be protected by the cutout cani; 
however such personnel are not normally pro­
tected against blast danger. In order that the 
firing cutout cam may be designed for the 
maxin1un1 possible zone, NavOrddoesnotapprove 
of cutting cams to protect forestays, halyards, 
radio antennas, and such top ha1nper. Peacetin1e 

target practice must be ar rnnged so as to keep 
the fi ri ng clear of these obstructions. In wartime, 
such hazards must be accepted. 

The minin1um clearance to be maintained 
between the extension of the axis of the gun 
bore 8.lld the fixed structure of the ship varies 
;vith dlfferent size guns. One reason for this 
is the lag between the time the cutout inechanism 
functions and the time the guns actually cease 
firing. For protection of the other installations, 
the 111inin1un1 clearance is computed with the 
other guns aod directors at zero degrees ele­
vation and the SJ1gle of train at which they are 
normally secured. 

Missile launchers for Terrier, Tartar, and 
Talos missiles are equipped with firing cutout 
devices of the type normally used in gun mounts. 
Terrier and Tarter launchers have an automatic 
blind zone cutout syste1n incorporated in the 
missile launcher power drive to prevent pointing 
a loaded launcher within the nonfiring zones as 
detern1ined by the ship's structure. Taloslaunch­
ers also have a blind zone cutout system, simi­
lar to that on Terrier launchers, to prevent 
physical interference of missiles on the launcher 
"ith the ship's structure, but not to prevent 
pointing missiles at the ships's structure. Firing 
into the ship's stn1ct1tre is prevented by firing 
cutout devices, as on gt.tn i11ounts. 

TURRET DANGER-ZONE CUTOUT 
MECHANJSJ\'1 (CAM) 

Although danger- zone cutout mechanisn1s vary 
in construction between dlfferent kinds of tur­
ret.s, they all serve the sam~ purpose- interrupt 
the firing circuit if a gun enters a danger or 
non-firing zone. In a representative 8-inch gun 
turret, this 1necbanisn1 functions in response to 
the train and elevation dr ives, The train drive 
rotates a spur gear to which a ca1n is attached. 
High points on the cain represent non-firing 
zones . The elevation drive moves a rack carry­
ing a plunger that touches the CSJn. \Vhen the 
gun enters a non-firing zone, the plunger rides 
up on a high point and actuates a rocker arn1 
which is connected - by means of a linkage -
lo two switches. This action opens one switch, 
breaking the firing circuit. The other switch 
closes a circuit to a red-light indicator system, 
indicating that the gun is in a danger or non­
fi ring zone; at the sa.tne time, it opens a cir­
cuit to a green light . The green light indicates 
a safe or firing zone; it lights when the gun 
moves out of the danger zone and normal firing 
is restored. 
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On large caliber guns only the electrical 
firing circuit ls interrupted by the cutout mech­
anism. The pel'cussion firing circuit Is not 
affected by the cams. 

The proper settings for firing cutout mechan­
isms are outlined in tho applicable OPs. Usually 
the OPs will list the settings for the lndhidual 
turrets in ships oi a class. After the cams are 
installed, they must be checked by the methods 
similar to those outlined for smaller guns . 

J.iOUNT FIRING Cl,;TQUT :\1ECHAl\1S~IS 

All mounts of S-inch caliber and smaller 
incorporate mechanisms wherein one cam, re­
ferred to as a profUe cam, controls the firing 
circuit when the gun is in or near a danger zone 
of fire in either Ira.in or elevation. The mech­
anical action of these mechanisms differs slightly 
from gun to gun, but in principle they a.re the 
srune and can be considered collectively. 

The cutout ieat1lre of profile-cam firing cut­
out mccbani:;n1 is acco1npllshod by the action of 
a plunger or cam follower on tho face .of n 
disc-shaped proflle can1. \Vhen the plWlgor rides 
up on a high point of the cam, which represents 
a danger or nonfiring 1,one, it pushes agal~st. the 
plunger lever, which In turn causes sulflc1ent 
movement of another lever or lcvors to inter­
pose n break in the firing circuit . In most guns , 
this 1nove111cnt intc1-rupts both the e1tictr1co.1 and 
the percussion firing circuits. 

Figure 8-12 shows a cutaway view of o. typical 
fir ing cutout mechanism plunger and profile can1; 
this one is from a 5" /54 mount. The cam ls 
turned by gun train order at one-to-one speed, 
while the plunger mechanism moves radially 
from near the cent.er to the edge of the cam in 
accordance with gun elevation order. A point 
near tho center of the earn represents maximum 
gun elevation, and the outer edge minimum gun 
elevation. 

The 1·ise from cutaway area to the raised por­
tion of the earn is a 30° incline. This permits 
the plunger cam follower to ride from the low 
surface of the completed cam to the high sur­
face without excessive wear or scoring. Cutout 
occurs when the plunger ls two- thirds of tho wa:y 
up the incline. A switch opens the firing circuit, 
and a mechanical clutch disconnects the linkage 
to the firing mechanism from the firing pedal. 

PLOTTING, CUTTING, AND INSTALLING 
TUE CAJ\-! (PHOflLE CAM M l!:CH/\NISM) 

Since the contour of the earn determines 
where the gun cru1 and cannot fire, It Is obvious 

53.131 
Figure 8-12. - Cutaway view of firing cutout 

mechnnism plunger and cam. 

that the most critical step in firing cutout mech­
ruiism installation is concerned with plotting and 
cutting the cam's contour. By fru· the most im­
portant kind of firing cutout mechanism is lhe 
profile cam lype; therefore the plotting and 
makeup of this type only will be discussed ln 
this chapter. 

The entire firing cutout mechanism, v.1lh 
the exception of the profile earn itself, is as­
sembled and installed on the mount duriug manu­
f a.cture. The profile of the cam depends on 
the obstructions presented from the point of 
view of its location after installation; bence 
the cam profile can be determined only aftor 
insta.llation. It is necessary first to deterrnlno 
the safe firing zone, i.e .• the locus of all gun 
p0sitions in which firing may be safely pei:ormed 
in accordance with :-iavOrd stand1U·ds. This rone 
must be plotted in such a way til1l.t it is immed­
iately usable as a guide in shaping the cSlll 
itself. The plot is then tr311:;ferred to lhe cam 
plate blank and cut into the blank. The last 
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Figure 8-13.-Sin1ple cam plotting sheet. 
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step is installation of the cut crun and veri­
fication of its proper functioning, Here is the 
stcp-lly-slep procedure, in brlei: 

l. Install a borcslght in lhe gun barrel, and 
sight through it to establish, for each successive 
5° increment of lnun angle, the lowest (and, if 
applicable, the highest) elevatlon angle at which 
it is safe to fire, In nccorda.nce with NavOrd 
standards. 

2. As these elevation and train angles are 
determined, lhey niust be tabulated and plotted 
on a special polar- coordinate form illustrated 
in figure 8-13. Noto that s. different form is 
issued for each calibc1·, mark, and mod of gun, 
and even for the right- and left-hand guns in n 
twin mount (because their cams turn in oppo­
site directions). 

3. Transfer the plot to another copy of the 
plotting sheet to make a smooth copy. See the 

OP or OD on the gun for such information a.s 
minimum radius of curves, how wide the cam 
slope should be, etc. Verify the plot for accuracy. 

4. Let the cam be cut in accordanco with the 
verified plot. This is generally done by a navy 
yard machine shop, not by ship's persoMel. 

5. lnslall the cam and check it throughout 
all angles of ti·ain to verify that it complies 
with NavOrd standards. This can be done by 
positioning the gun with boresight in place as in 
step 1, and checking the functioning of the firing 
circuit and 1nechru1ical firing linkage, using a 
firing circuit test lamp to check the circuit and 
observing the functioning of the linkage. 

For details on the procedure for nny specific 
mark and mod of mount, see the OP or OD on 
the equipment. 
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CH APTER 9 

SPOTTING AND NAVAL GUNFIRE SUPPORT 

INTHODUCTJOK: DEFIK1TIOKS 

Gunnery operations, rather than prlnoiples of 
weapons and associated equipment, are the prin­
ciple subject of this chapter. hi studying it, 
bear in mind that operational methods and tech­
niques are broadly deterinined by the Chief of 
Naval Operations, and are published as doctrine 
in N\VPs, NWIPs, and related publlcatlons, as 
described In chapter 1, and by other responsible 
command ecllelons. The following material is not 
intended to supplant such sources of doctrinal 
information. 

This chapter takes up the problem of gunfire 
control where chapter 6 left off, and goes on to 

discuss certain advanced aspects of fire control 
in the special situation wher'e naval guns are 
used against targets ashore, particularly in con­
nection wiUl amphibious attacks. 

t\s ohspter 6 s tated, not all the factors 
which af(ect the night of a projectile can be 
precisely evaluated in advance of fir ing. Even 
with the best fire control equipment available, 
experienced gun crews, and e!flcient fire con­
trol personnel, the opening shots may not hit 
the target, It is therefore necessary to apply 
corrections (spots) to the initial firing data to 
bring the shots on the target . The corrections 
are appllcd to gunlaying datu for subsequent 
rom1ds fired. Th.is technique is called spotting. 

Before proceeding further, we will define some 
terms that relate to gunfire support and spotting. 
Those terms are as follows . 

SLO\V !'!HE. In slowfire, firing ls deliberately 
del!tyed to allow for application of spots or con­
servation of ammunition. 

RAPID I'lltE. In rapid fire, firing is NOT de­
layed to apply correctlons. 

SALVO. A salvo consists of one or more 
shots fired siniultaneoui;ly by tho sanie battery at 
the same t!IJ'gct. 

SI.0\1! SALVO FIRE. In slow salvo fire, the 
guns are loaded on command and fired together 
at a fairly slow rate. 

R/\PTD SALVO FIRE. In rapid salvo fire, the 
guns ai·o loaded on command and fired together 
at a RAPID rate. (Both slow and rapid salvo fire 
are used to establish a hitting range to a surface 
or l and target.) 

R/\ PID CONTINUOUS FIRE. Rapid continuous 
fire is the fastest firing method for 5" guns. 
The pointer's firi ng key is locked In the closed 
position, and the rate of fire depends only on the 
loading sp~ed . 

RAPID PAHTlAL SALVO t·lllE. Rapid partial 
salvo fire for a turret (6" and above) is syn­
onymous w!lh rapid continuous fire for a 5" gun. 
(Both of these types of fire will most often be 
used a£ter the hitting range has been established 
or, in the case of the 5" gun, against aircraft.) 

il1Pl. The Mean Point of Impact (MP!) is the 
geonietl'ic center of the points of I mp act of the 
various shots of a salvo, excluding wild shots 
(fig. 9-1). 

DISPERSIO:\. The dispersion of a shot is the 
distance of the peint of impact of that shot from 
the JllPI. Dispersion in range Is measured par­
allel to tho line of fire, and in doflectlon at right 
angles to the line of fire, in a hort zontal plane. 
Dispersion In range i s positive when the shot 
falls beyond the MP!. Dispersion In deflection 
is poslllve when the shot falls to the right of the 
MP!. The algebraic sun1 of the dispersions in 
r angc (or deflection) of the sever al s hots of a 
salvo niust equal zero. (See definition of ll'iPI.) 

APPAHENT ~1EAK DISPERSTOI\. The ap­
parent mean dispersion of a salvo In range (or 
deflection) ts the arithmetical avern,,ae of the 
dispersion In range (or deflection) of the several 
shots of the salvo, excluding wild shots. 

THUE MEAN DISPERSION. Tho true mean 
dispersion Is the arithmetical mean of the dis­
persions in range (or deflection) of nn infinite 
nutnbe r of shots , nil assumed to have been fired 
under conditions as nearly the samo as possible. 

315 



PRINCIPLES OF l\AVAL OHDNAJ\CE AND GUJ\!\ERY 

I 
I 
I 
I 
I 
I 

--'---MT(ll"ll IN RANG.::---·: 
.El 

53.119 
Figure 9- 1.- Salvo pattern. 

WILD SHOT. A wild shot is a shot with an 
abnormally large dispersion 111 range, or deflec­
tion, or both, 

PATTER!\, The pattern of a salvo is the 
ar·ea covered by the points of im!)act of the 
shots (except wild shots). The patterr1 In range 
is the distance measured p1u: a.lie! to U1e line 
of f!l'e between the point of impact closest to 
the battery and the one farthest away, excluding 
w!ld shots. The pattern in deflection is the 
distance, measured at right angles to the line 
or fire, bctwetm the point of impact farthest 
to the r;ght and the one farthest to the left, ex­
cluding wild shots. 

IJJTTL'IG SPACE. Hitting space (usually 
measured only in range) for a target Is the 
distnnce behind the target (measured parallel to 
the line of fire) that a shot through the lop of 
tho target will strike the ho1·lwntal plane through 
the base of the target (fig. 9-2) . It includes the 
projection of the target's vertical height upon 
the plane of the water plus the target's hori­
zontal dimension in the line of fire (or depth). 
H'lttlng space in deflection is the angle subtended 
by the target, 

DANGER SPACE. The danger space for a 
target is the distance in front of the target, 
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measured parallel to the l!ne of !ire, that the 
tai:gct could be inoved toward the fi ri"g point, 
so that a shot strifilng the base of the target 
in its original position would strike the top of 
the target in its new position (fig. 9- 2) . At 
most ranges, danger space is virtually equal 
to hitting spnco. 

STRADDLI::. A straddle is obtained from a 
salvo in range (or deflecuon) when, excluding 
wild shots, some of the shots of that salvo fall 
beyond, (or right and left, respectively, for 
deflection). The target ln figure 9-1 A is straddled. 

EHHOR OF ll'IPI. The error of the MPI is 
Its distance fro1n the t111·get (fig. 9-1) or other 
t'eference point, such as the center of the hitting 
space, measured (in a borl 1.ontal plane) parallel 
to the line of fire for range and at right angles 
to the line of fire for deflection. 

ELE)IENTS OF SPOTTING 

Now that you are f a.mili ar "1th some of the terms 
relating to spotting and gunfire support, we will 
discuss some of the problems encountered in these 
areas. 

DISPER..<:f01\ AND ITS CAUSES 

The problem of spotting is complicated by 
dispersion. If a battery of guns is fired at the 
same instant with the san1e settings ln 1·ange 
and deflection (this Is salvo fire), the pro­
jectiles will not all land at the same point, but 
will be dispersed over the vicinity . 

If the battery of guns were staUonary and 
rlglcUy fixed In elevation and train, variations 
In range and deflection would be caused by (1) 
differences In weight and temperature among 
individual powder charges; (2) differences in 

92.57 
Figure 9- 2. -llltting space and danger space in 

range, 
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projectile weights; (3) variations in angles of 
projection (the longitudinal a,'(es of projectiles 
diverge, in varying amounts, from the continua­
tion of the bore axis as they leave the guns); 
(4) differences in projectile seating, causing 
variations in density of loading and initial ve­
locity; ( 5) differences in erosion among the 
several guns, with corrections not precisely 
made. Such causes as these make a certain 
minirnum arnount of dispersion inevitable . There 
are other causes of di5'Persion which can be 
prevented. 'l'he motion of the shlp may result in 
the pointers and trainers of guns being off target 
when the guns are fired. The smne effect may 
result frorn fol lure to fire exactly simultaneously, 
causing different guns to fire at slightly different 
points in the l'Oll. 

Director-controlled gunfire, although not sub­
ject to the same characteristic errors as pointer 
fire, is subject to its own characteristic errors. 
All such errors are considered accidental errors. 
They are revealed by analyses of firings, and 
their effects are governed by the l aws of prob­
ability. 

For discussion of the laws of probability i n 
general the student is referred to any good text 
on the subject. Elernenta.ry discussions of prob­
ability will also be found in n10St textbooks on 
statistics. This chapter is primarily concerned 
with the practical aspects as applied to spotting 
of gu nfit·e. 

DETERMINING LOCATION OF MP! 

The definitions discussed earlier will now be 
illustrated by an exa1nple (NOT necessarily t-1)i­
cal) representing a salvo from ten 5" /38 caliber 
guns fired at range 8,500 yards against a target 
40 feet high, 600 feet long, and v.tth a bea1n of 
90 feet. The target is situated with its length 
at 90° to the line of fire (fig. 9-3). 

The danger space at this range, fron1 colwnn 
7 of the range table (appendix 2, table A2-l ), is 
40/20 x 25 = 50 yards. Since the target " depth" 
is 90 feet, or 30 yards, the actual dnnger space 
ls thus 50 + 30 = 80 yards. For most battle 
r anges the value of hitt ing space is the same as 
that for danger space. Hence hitting space is 
also 80 yards. Figure 9-3 represents the plan 
view of the target shov.'11 in terms of hitti ng 
space, an area 80 yards in range and 200 yards 
in deflection. The center of the hitt ing space is 
at c. (The fact that the target is not rectnng"lar 
will be ignored.) The points of impact of the 
several shots are indicated by nmnbered dots 
and are identified by table 9-1, which gives the 
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Figure 9-3. - Analysis of a salvo pattern. 

location of each impact from the refel·ence axes, 
in this case taken as intersecting at the center 
of the tiu·get's waterline. 

The location of the MPI is determined by 
measuring the distance, ln range and deflection, 
of the point of impact of each shot fron1 con­
venient coordinate axes, nnd finding the mean 
of these distances. It is convenient to refer 
impacts to axes i ntersecting at the center of the 
target' s waterline, as was done in the table. 
The mean of these distances is 80 yards over 
and 20 yards right, which locates the MP! 80 
yards beyond and 20 yUJ:ds right of the cente1' 
of the waterline. 

If we assmne that the error of the MP! is its 
distance from the center of tlle hitting space, 
this is seen to be 40 yards ove1' und 20 yai'dS 
right. 

DETERMINING APPARENT AND 
TRUE MEAN DISPERSION 

In deterrnining apparent n1ean dispersion, re­
member that it ls the aritlunetical n1ean of the 
dispersions of the several shots, without regard 
to sign. Once the MPI position has been plotted, 
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Table 9-1 
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the sevoral points or Impact are now referred 
to the MPl to determine lndlvidulll dispersions 
und appnrent mean diSperslon, as s hown In table 
9- 2. 

Apparent mean dispersion, bnsed on 10 sbots, 
ls, according to table 9-2, 62 yards ln range 
and 32 yards in deflection. Based on such a 
limited number of observations, it is unlikely 
to be a true measure of accuracy of fire. The 
txue measure of accuracy is the mean di spersion 
of tu1 Infinite number of shots, all fired under 
the same conditions. This is the true meo11 
dispersion. It is obviously Impossible to measure 
this value experimentally by firing an Infinite 
number of shots, but a theoretical value can 
be found in the relation 

D = D' y.!
1 

In which O is the true mean dispersion, l.>' the 
apparent mean dispersion, and n the numbe1· of 
shots from which D' wns obtained. Table 9-3 
gives the vulues or the ratio of o to D', I.e., 
values of 

~ n~l for salvos of from 2 to 12 shots. 

The true mean dispersion, 111 the above case, 
ls found by multiplying the apparent mean dis-

persion by 1.054, Hence tho true mean dispersioo 
In range Is 62 x 1.054 = 65 yards, and in deflec­
tion is 32 x 1.054 " 34 yards. 

SPOTTING MPl TO CEN1'F.R HITTING 
SPACE 

\Vide cllsperslon is apparent In the lO~shot 
salYO pictured in figure 9-3. Mathematically, 
however, It Is correct spotting procedure to 
spot tho :\IP! to the center of the hitting space. 
Shots 4, 5, 6, and 7 would be hits if the MP! 
were spotted to point C. Shore 8, 9, and 10 
would fall short of the t!U·gct, while 1, 2, and 3 
would still be long. Thel'efore, the next sal\-o 
should Include o.t least four hits and probably 
would have more, since di sperslon, as already 
noted, is subject to many variables. Spotting !he 
:\!Pl to the center of the hitting space is a 
mathematic& attempt to reduce the effect of 
dispersion variables . 

As 1·ange Increases, hitting space decreases, 
and as dlspe1·ston increases, the probability of 
hitting decreases . An oi!iccr detailed lo duties 
which include spotting should know the dispersion 
at various ranges up to the maximum range o! 
his battery. He can then dete1·mlne the prob­
ability of hitting a target. 

DESIHABLE PATTERN SIZE 

If the MP! Is at the desired point of Impact, 
a pattern of small dispersion con be expected 
to yield the maximUlll number of hits. Where 
excessive errors creep in, however, excessi\•e 

Table 9-2 
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Table 9- 3 
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dispersion results, If the pattern is so spread 
that few shots are grouped around the desired 
point of impact a minin1um nun1ber of hits is 
probable. From the standpoint of a maximum 
munber of hits, it wotild seem desirable to 
eliminate error s completely so as to have a zero 
patte1·n in range and deflection. Such a pattern 
would be desirable if the MP! were always at the 
desired point of impact, It is difficult in actual 
fir.Ing, however , to place the Jv!PI at tlus desired 
point, Since it would be better to hit with some 
of the shots than to miss with all, a larger 
pattern size is better. 

In the Naval \Varfare Information Publica­
tion, N\VlP 22-2, there ai·e tables giving the 
average patter n sizes for the various calibe1· 
guns, These tables were constructed fron1 fir ings 
conducted at the Naval \Ve apons Laboratory. 
Patterns in the fleet should be no larger than 
those given in the tables. 

ACCIDENTAL EHRORS CAUSING 
SHIFT OF MPI 

Since disper sion of individual shots is caused 
by unpredictable errors, it is logical to assun1e 
that no two salvos will be exactly alike . Hence, 
the MPI of the shots of a given salvo can be 
expected to differ in location from the MPis 
of other salvos, 

The average shift between success ive MP!s 
is usually so small as to be difficult for the 
spotter to estimate. Therefore, the spotter should 
not be too quick to spot when only one or two 
salvos seem to wander off the target during 
a string that is, in general, satisfactory. 

CONTROL ERRORS 

The only accidental errors so far considered 
have been those which affect i ndividual guns of 
a battery. These are known as gun errors nnd 
should be distinguished from another class of 
accidental error which affects the battery as a 
whole. These are known as control errors and 
include errors in computing, trimsmitting of 
data to the guns, and in director fi re, director 
pointing errors . They are not reflected in in­
creases pattern sizes (i.e., increased dispersion 
among the guns) but are characterized by in­
creased dispersion or error of the MPis them­
selves. 

There are four general control inaccuracies 
which niay cause MP! er i•or. 'fhese are listed 
in the order of probable frequency of occurrence 
and magnitude of effect: 

1. Computer set up witli incorrect values. 
2. Ballistic corrections based on incorrect 

values (l.V., wind, air density, and others). 
3. Battery not properly aligned wi th director. 
4. Indeterminate errors ("Class B" and per­

sonnel errors). 

Let us now consider each of these sources 
of control er rors. 

Incorrect Computer Setup 

Determina.tion of target course and speed is 
inade directly fron1 the spotter's estimate of tar­
get angle and speed, from CIC, or by r ate con­
trolling. Correct values of these two variables 
are difficult to determine; they are the chief 
cause of incorrect con1puter setup, and hence, 
the cluef source of MP! erro1·. 

Present range to tar get is valid only so far 
as its measurement i s accurate, An error in 
basic range measurement di rectly causes an 
error in l'v1PI. 

Measurement of own-ship course and speed 
usually are reasonably accurate, but any inac­
curacies result in an error in l'v1Pl. 

Inaccu1·ate Bnllistic Cor rections 
The coinputer determines corrections for 

variations from standard conditions. Determina­
tion of these corrections based on incorrect 
values of ballistic wind, I.V. , air density, etc., 
will gi\'e a total ballistic correction that "ill 
result in a corresponding error in ll'IPI. 

Poor Battery Alignment 

hnproper alignrnent between the guns of a 
battery results in greater dispersion and 111.rger 
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pattern sixes, but does not materially affect the 
error of the :\f PI of a salvo. In contrast, :\ll'I 
error can be caused by misalignment between the 
controlling director and the battery as a whole. 
Such mlsaUgnment is generally caused by failure 
to director-check the battery and all directors. A 
battery allgned with one dll·ecto1· Is not neces­
sarily aUgned with another which may be in con­
trol. Frequent director checks can assist in 
elimination of this cause of MPI error. 

Indeterminate Errors 
There are two classes of Indeterminate 

errors. 
Some of the computations by mechanical 

compuling olcments In fire control Instruments 
nre only approximations of the tn1e solutions. 
These appi·oximations i·esult In " Clas s B er­
ro1·s, " which are small for normal ranges and 
thereforo cause minimum error In MPI. However, 
at extremely short or Jong ranges the errors 
may become large, depending on the instrument 
concerned, and may seriously affect the t.1PI. 
\Vhen Class D errors are known to be large, they 
can no longer be treated as accident.al, and steps 
must be taken to make correction for them. 

The other class of ln<letern1lnate errors Is 
assignable to control personnel. For example, 
the di rector pointer 01' trainer m11y be off the 
point or ain1 when lhe salvo Is fil'ed, Training 
and expe1·1ence can reduce the magnitude of such 
mischance. Small errors of lhls type merely 
cause a sllght shift of MP! and should not be 
corrected by the spotter. The director opera­
tor should Inform the l>'PQller of larger dis­
crepancies In the point of aim, so that the 
spotter niay distinguish this error from others. 

ERRORS AND THE SPOTTil\G PROCESS 

It ls not enough fo1· the spotter to detect 
orrors, esu1natc the spots required, ru1d t rans­
mit them. He must be able to recognize the 
causes of orrors by understanding I.hell' char­
ncterlsUcs and knowing what to expect of the 
battei·ies he is working with, and then make 
up bis spots with this Information in mind. In 
sununary, we list below the three main types oi 
errors that crop up in gunfire from shipboard, 
and what can be done about them. 

1. Accidental gun el'rors causing dispersion 
of shots. These errors are only compensated 
to the extent of achieving desired pattern sizes. 
!>lost of lhe errors are eliminated by careful 
design, frequent checks of battery alignment, 
normal upkoep of the battery, and the training 
of gun crews. 

2. Accidental gun errors cauSlng a shiit in 
tho MP! of successive salvos. The shift in both 
deflection and range is usually small. 

3. Control inaccuracies causing error of MP!. 
It is lhe primary duty of the spotter to "spot" 
the coi·rectlons in range and dofloctlon necesso.ry 
tc bring Ute !VIPI of a salvo to the desired point 
of in1pact. He should rccognl >.e the first two 
classes of errors In order to spot the error 
of MP! caused by control Inaccuracies. 

FUNCTIONS A..'\D DUTIES 
OF THE SPOTTER 

The spotter has several functions and duties. 
In order to perform U1e1n effectively, he sbould 
have the following qualifications: 

l. An even, calm lernperam.ont, not excitable 
under strc~s. 

2. sound judgment. 
3. Decisiveness, 
4 . 1\lortness. 
5. Normal eyesight, hearing, and r;peech. 

PRl:\!ARY l"t:~CTIOK OF THE SPOTTER 

The primary function of the spotter is lhe 
correction of range and deflection errors of 
the MP! so as to bring tho s hots on the target. 
Prompt Rnd accurate correction of initial errors 
may bo the deciding factor in a navnl enga,,<>'Cmcot. 
Ile bases these corrections on his own obser­
vations combined with those of tho fire control 
radar operator. AS a rule, In good \'isab!llty 
the spotter will estimate the necessary deflec­
tion correction, a.nd range corrections will bo 
obtained from the radar, Under unfavorable 
conditions both range and doflcctlon corrections 
will bo obtained from the rnd!ll'. 

If radar ru.ils, optical spotting must sub­
stitute . Jn the initi al cliscusSlOll of the :i.'POtter 's 
problems, It \\1ll be assumed U1at radai· is 
not available. 

GENERAL FUNCTIOKS AND OUTIES 
OF SPOTTERS 

Besides bis primary function of correc~ 
the fall of shot, there are other functions which 
tho spotter niust perform before and during 
fl l'ing. Jn general these aro: 

1. Describe the enemy foi·cos (gcner Ill hen.r­
ing line, number of ships, deployment, etc .). 

2. If he is also acting as the control officc1., 
he esllmntes the values of rango, target angle, 
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(lnd tai·get speed, and keeps plot inforn1ed of 
all changes to these values. 

3, Keep control informed of the tactical situ­
ation. 

There are other duties which the spotter 1nay 
be required to perfor1n. Their exact nature will 
vary with different types of ships. The spotter's 
detailed duties and spotting proccdttres are pre­
scribed in the ship 's \Veapons Depart1nent Organi­
zation 11-lanual, and in fleet doctrinal publications 
(l\T\V!Ps etc.). 

VISUAL ESTIMAT E OF T ARGET COURSE 
AND SPEED 

To arrive at a solution of the fir e control 
proble1n, the co1nputcr nlust have target course 
nnd speed. Often the spotter can obtain these 
data by observation through binoculars. 

To determine target course, the spotter must 
be able to estin1~te acci1rately target angle (i.e ., 
relative bearing of o"n ship as seen from the 
target). To estimate target angle the spotter must 
know the structural det (llls of all likely targets. 
Silhouettes of all probable targets EU'e furnished 
each ship. The spotter should study the details 
of these visual aids, not only for the purpose of 
recognizing the enemy, but also for estimating 
target angle. In estimating target angle, the 
spotter should make use of pro1ninent objects 
such as bridges, brea.t,;s in the deck, stacks, 
masts, and other features. By observing the 
0pen.ing and closing of the apparent distance be­
tween such details, the spotter can estimate the 
angle the eue1ny ship n1s.kes with the line of 
slght. 

'l'arget speed can at best be only roughly 
estimated. Here again, knowledge of eneiny 
ships is valuable, particula.l'ly as regards maxi­
mum speeds. Target speed may be estimated 
as about 1 Ot' 2 knots less than the m aximwn 
~-peed of the slowest ship i n the formation. 

To make the best speed estimates you 1nust 
have extensive training and experience, The aids 
used by a spotter in a direct estimation of target 
speed are smoke from the stacks, bow wave, ru1d 
stern wake. A spotter who knows his target size 
can also n1ake accurate prelilninary estilnates of 
range by using the mil graduations in his binocu­
lars. (Mils are explained further in the following 
section.) 

SPOTTING IN DEFLECTION 

Because it is simplier to make runge spots 
when there is no deflection error (particularly 

at long ranges), the spotter custo1narily calls 
deflection spots first . The unit used in deflection 
spotting is the angular mil. 

The Mil and How to Use It 

You are already acquainted with the angular 
mil because it is theunit inwhichgunsight deflec­
tion scales arc calibrated. There are about 64-00 
n1ils to a circle, and 1 mil ls about 0.56°, or 
3,3·i minutes of arc. The reason for using the 
1nil as an angluar unit in measuring deflection, 
rather than using <leg1•ees or minutes, is that 
it has a very useful property. If a distant object 
appears to an observer to have an angula.l' width 
of 1 n1il, then the actual "1dth of the object is 
l / l OOoth of the range. 

Telescopes, binoculars, and othe1' optical 
de,ices for nn:val use often have reticles "ith 
mil scales etched on them. If you use such bin­
ocular s to look at, say, a 30- foot boat broadside 
on at a range of 10 00 yards, the image you 
see in the binoculars will have an angula1' width 
of 10 mils . Figure 9-4 shows further graphical 
exan1ples of the relationship between 1nils and 
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Figure 9-4.- The angular mil and how it is used. 
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range. Part A of the figure shows how 1 mil 
subtends different linear distances at different 
ranges, and part B shows seveta.J other examples 
of the relationship. To bring the use of n1ils 
down from this theoretical level, look at figure 
9-5. \Vhat is the linear size in deflection of 
salvo A's pattern? 

Salvo A at a range of about 11,500 yards 
subtends 5 mils. One one-thousandth of the 
range is 11.5 yards; n1ultiplying by 5 (mils} gives 
an actual pattern ;vidth in deflection of 57 .5 
yards. As a practical matter, of cour·se, it' s 
absurd to specify a pattern width down to a half 
yard; rounding off, the answer would be about 
58 yards. 

In estlmating deflection spots, use target 
width in mils as a guide. 

Allowing fo1· Splashes 

\Vith a high speed su1·face target , the spotter 
should bear in mind that the apparent :NIP! in de­
flection should be held abaft the point of aim 
to allow for target travel while tlle splashes are 
forming. Do not assun1e that full splashes form 
instantaneously at the i1npact of a salvo. The 
time lag is only a few seconds at most, but is 
sufficient to allow considerable moven1ent of a 
fast target. 

SPOTTING IN f\ANGE 

:0,))otting in range is more difficult than spot­
ting in deflection. There is no convenient angu­
lar measure that ls uniformly applicable at all 
ranges, like the almost foolproof mil. 

Figure 9-5 is adapted from a typical spotting 
diagram. It shows schematically how different 
ranges look to you as ru1 observer 100 feet above 
the water surface. The lateral broken lines rep­
resent ranges in incren1ents of 1000 yards; the 
diagonal broken lines represent angular mils; 
and the curved solid line at the right shows the 
apparent length in mils of a 600-foot broadside 
target at various rru1ges. Unfortunately, the 
natural seascape is not inarked with these hru1cly 
reference lines, but the diagram is a helpful 
g11ide in learning how to estimate ranges . It 
is used in conjunction with such training aids 
as miniature spotting boards, and with observation 
during tni·get practice. 

The range lines in figure 9-5 represent angu­
lar distance below the horizon at which any 
object would appear from a height of 100 feet, 
i1 observed on the cor1·esponding range lines. 
The distances between the range lines represent 

the apparent i·ange differences a,.q 'iewed by an 
observer at the height (in this case 100 feet) for 
which the diagrain was constructed. 

A study of figure 9-5 shows that salvo A is 
clearly shor t, by a.bout 500 yai·ds, of the imagi­
nary extension of the waterline of a target at 
12,000 yards. However, the error of salvo B, 
fired at a target at 19,000 yards, is not soap­
parent. The 500-yard error of salvo B is diffi­
cult to see when compared with the extended 
waterline of the target. Thus, for shipboard 
spotting at such a range, the splashes must be 
in line with son1e portion of tlle target before 
the spotter can reasonably tell whether the salvo 
ls over or short, to s ay nothing of estixnating 
the an1ount of the error. 

In addition to its use for estimating range and 
range errors, the spotting diagram shows tlte 
number of inils a given target length will subtend 
at any given range. Fo1· example, in figu1·e 
9-5 a 600-foot target will subtend 20 n1ils at 
10,000 yards range. 

One of the inost co1nmon mistakes n1acle by 
the untrained spotter is to underesti.mate the 
a.mount of range error at long ranges, because 
a given range error will subtend a much smaller 
angle at long ranges than it does at short ranges. 
However, with good visability and from a heighi 
of 120 feet or more, the MPI error can usuruly 
be estinintedwith reasonable accuracy at ranges 
up to 15,000 yards, by obser•ing the position oi 
the bases or slicks of the splashes relative to the 
tai·get wn.ter line. 

M ETHODS OF SPOTTING 

This sect.ion is concerned, primarily, with 
methods of 'isual spotting and spottingwi th radar, 

• Before discussing tllese inethods, however, we 
will discuss some of the terminology used in 
spotting. 

SPOTTING TERMINOLOGY AJ.'\!D 
MESSAGE PRACTICE 

AS in other operational communicatlons, tllere 
is a prescribed terminology and message se­
quence for spotting. These are published in £Ieet 
operational directives which you will use on 
active duty. The examples below show the general 
practice at the present time. 

Surface Fire 

For su1·face fire, only range and deflection 
are spotted. The correction necessary to bring 
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Figu1•e 9-5. - Practice diagrain for range spotting. 

the MP! on target is glven in the follo111ng 
terminology sequence. 

1. Deflection correction- RIGHT or LEFT, 
in mils. 

2. Range correction-ADD or DROP, i n yards. 

\Vben no correction in deflectionis necessru:y, 
only a range spot is made. When no range spot 
is necessary (regardless of whether a deflection 
spot is required), the ph!·ase NO CHANGE is 
used. Typical examples of spot trans1nissions 
by telephone a.re: lUGliT 10, ADD 1,000; LEFT 
5, DROP 500; LEFT 10, NO CHANGE; NO 
CI-LA.NGE. 

AA Fire 

For air targets, corrections to bring the burst 
on the target are needed in three dimensions. 
Even well-trained personnel find it almost im­
possible to estimate errors r apidly in three 
din1ensions. AA spotting is therefore generally 
lltnited to correctingforobviousconstant system 
errors. 

The proper terminology for spotting in AA 
fire is as follows: 

1. Deflection correction - RIGHT or LEFT, 
in mils. 
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2. Height-of-bui•st cor r ection- UP orDO\VN, 
in mils. 

3. Range correetion- ADDorDROP, lnyards. 

DeOection and elevation spots will normally 
be made by the control officer. Range spots 
will be n1ade by the rnngefinder or radru· operator . 

Kava! Gunfit·e Support 

Jn shore bombardment, as In AA flro, spots in 
Uu•ee dimensions may be necessary . The terms 
aro the same as i!1 the preceding paragraph, but 
the units are not the same. \Vhen naval guns are 
used to support landing operations, joint forces 
are involved. Tho l\iwy, Army, and Ah' Force 
have a standardized spotting terminology for 
joint operations which \Vill differ from the above 
in that a!l corrections for indirect fire are 
spotted in yards. Deflection and elevation spots 
must be converted to angular units before being 
applied to the computer . 

Spots in three dirnensions are made in the 
following ordcir: 

1. Deflection-RIGHT or LEFT. 
2. Height of burst-UP or DO\VN. 
3. Range-ADD Or DROP. 

VISUAL SPOTTING METHODS 
Al\D TECil!NQUF.S 

There are three methods of visual spotting: 

1. The di1·ect method. 
2. The bracket- and- halving method. 
3. Tho ladder method. 

The method used depends on tho type of 
battery firing, type of target, visibility and range. 

Direct Method 

Spotting by the direct method is, as its nan1e 
implies, tho spotting of salvos (splashes) direct 
to the target. This is the most desirable pro­
cedure, but its uso Is limited to shorter ranges 
and good visibility oonditions. For reasonably 
accurate visual spotting at a range of 15,000 
yards, a spotting height of 120 feet is requh·ed. 
The splash must be relatively close to the target, 
and the rangekeeper set- up fairly accurate. 

A thoughtful analysis of the problem with 
reference to the spotting diagram in figure 9- 5 
reveRls that the greatest limltlatior. of the direct 
n1othod in visual spotting is i n range . Deflection 

spots can be macle "ith equal accura<,-y Ill llJ\y 
visible distance. lf, then, air observation is 
available, and the plane spots in rango \\1th 
the ship spotting in deflection, the direct method 
oan be used by the batter y at any range at which 
a portion of the Splash is visible to the ship­
board spotter . Air spotters cannot spot ac­
curately in deflection unless they ht1ve a line 
of sight containing the firing ship and the W'f:,"tll 

Spotting the fnll of shot at very short ranges 
differs from other spotting problems in thnt 
r ange e1•rors nrc not difficult to judge. How­
ever, in determining deflection errors at short 
ranges, consideration must be given to the travel 
of the target and the spotter's position relative 
to the Ji11e of projectile flight. For example, 
with the firing ship and target on opposite 
com·ses, target to starboard, a shot fired wlth 
correot dof!ectlon but long in range will appetU· 
to the spottei· to be in ei•ror to tho left of the 
target. Special short- range ~plash dingrains aid 
tho spotter in this type of firing. 

Bracket- and- Hah1ng Method 

urncket- aud- halvtng is used at Jong ranges 
when no air or radar ,spot is available. i\t 
groat distances it is impossiblo to tell ii a 
splo.sh is short of or over n target, unless the 
two are in line. U the splash and target axe 
not In line, the first &-pot is rnade in deflection 
only. \Vhen target and spla~hes are in line In 
deflcotion, a range spot Is niado In such a 
di1·ection and amount as to " cross" the target 
definitely . Tho direction of the next spot is 
reversed, and the size of the spot is cut iu half. 
This "halving" ls continued until o. straddle 
is obtained, at which time it may be appxopri ate 
to shift to rapid poo:tial salvo or to rlljlid con­
tinuous fire. The spot should not be reduced 
below pattern sl 7.e . 

The Ladder Method 

\Vhen ranging Is difficult ancl visibility poor 
l>ecause of fog, smoke, or dn.r l<ness, the ladder 
technique is vruuable. Ladders are not particu­
larly adaptable to fast-moving targets. There 
are ma.'ly vai·iat!ons of this Lechnique, but the 
basic procedu1·c is: 

1. Fire Is deliboi·ately opened short. 
2. Succeeding salvos are fired to appronch 

the target In steps not less than pattern slzo. 
3. As soon as the target is crossed, the 

steps are reversed and halved until the target 
has ngnin been crossed. 
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After the target is str addled, a rocking 
ladder 1nay be used with slow ti1ned fire, or 
with rapid partial salvo or continuous fire. In a 
rocking ladder the pattern is shifted back and 
forth across the target by s1nall arbitrary suc­
cessive spots, such as +100, O, - 100, • . . . 
introd1tced at the computer . Its effect is to 
increase the pattern size, which may be valuable 
when firing ngrunst a target capable of rapid 
maneuvering. The rocking ladder can be used 
in conjunction with air or radar spotting, so 
long as the spotter is kept informed that this 
technique is being used, 

SPOTTING WITH RADAR 

Radar spotting has proved to lie lioth accurate 
and reliable within the range of su1·face batteries. 
Radar provides a means of spotting which is 
independent of conditions of visibility, so that 
blind spotting is possible with blind firing. 

SheII splashes appear on the scope as fluctu­
ating echoes which last for several seconds, 
depending on the size of the projectile and the 
range. The large column of water thrown up by 
the projectile produces the echo. Salvos produce 
larger or mu! tip le echoes on the scope. 

If the projectile stays ;vi.thin the vertical 
limits of the radar boam, its flight to the point 
of impact can be foIIowed on the scope on main 
sweep. The projectile produces a small, weak, 
moving echo which begins at the edge of the 
scope and moves out in range towar·d the target. 
At the point of inipact the echo stops nnd grows 
larger as the splash builds up. Echoes fron1 
direct hits or near n1isses will be lost in the 
target echo, while salvos which s traddle the target 
may envelope the target echo in the 1nidst 
of the splash echoes on the scope, thereby making 
it impossible to distinguish individual splashes. 
Range erro1·s can usually be estimated by radar 
with g1·eater• accuracy than by optical spotting, 
but deflection spotting v.'ith radar is difficult, 
especially when the error is small. Near misses 
sometin1es merge with and are indistinguishable 
from the target pip. Consequently, repeated salvos 
can land with a 2-mil to 5-mil error which is not 
separately distinguishable but inay not be hits, 
Target practice is used to determine the minimum 
deflection error that can be detected on a parti­
cular radar. When radar is the only ineans 
available for deflection spotting, deflection ' 1 rock­
ing ladder" should be used. The order of 
preference in spotting surface fire is usually: 
HANGE-radar, rur, and 'isual; DEFLECTJON ­
visual, radar, and air. In night action, or action 

under reduced visibility, radar normally spots for 
both range and det1ection. 

SPOT PYRAll.f!DING 

SPOT-PYRA.MIDING is the application of a 
new spot before the effect of a previous spot has 
had time to become apparent. It can ·occur 
only in rapid fire, when the interval between 
sbot.s or salvos is less than the time of flight 
plus the spotting interval, In that case, when 
a salvo lands there are one or more other 
salvos in the air. Suppose the spotter makes 
a spot on the salvo which has just landed. This 
spot is applied and a new salvo is fired. Then 
one or in ore of the snl vos which were already 
in the air lands, and the spotter, forgetting that 
his previous spot has not had tin1e to show its 
effect, spots again, This spot is applied to the 
next salvo fired, with the result that this salvo 
is over·corrected and will probably miss, as 
\viII subsecruent salvos until the spotter sees 
his mistake and spots back again, 

The time of flight clock signal helps to 
avoid pyramiding. A button on a mechanical 
time clock is pressed in the plotting room 
when the salvo on which a spot is applied ls 
fired. The clock has been preset to ring just 
before the tin1e of Oight of the projectile ends. 
Before the s alvo lands, the mechanisn> sounds 
a buzzer, 'rhis is then relayed to the ::.1)0\ter 
via sound-powered phones. 

Because spot pyran1iding is conunon and has 
a disastrous effect on accurate control of fire, 
the ineans used to prevent it must be carefully 
and correctly oper·ated, For example, if the 
tilne-of-flight mechanism aperator fo1·gets to 
press the button for a spotted salvo, 9.nd the 
spotter waits for the signal, he may continue 
to wait after it becomesapparentthathisprevious 
spot was i ncorrect. 

\Vhen modern fire control systems are being 
used to solve the fire control problen1, the 
process described in chapter 6 as rate control 
is used to make constant corrections to the 
solution, If spots are applied at the same tin1e 
as rate control corrections, the effect is the 
sarne as pyramiding of spots. Under normal 
circumstances, AA fire is rate contJ·olled. Hence 
spotting of air bursts is rare. 

SHORE BOl\llBARDll'lENT AKD NAVAL 
GUNFIRE SUPPORT: FUNDA1\llENT1\LS 

In \Vorld \Var II, naval task forces frequently 
carried out bo1nbardments of enemy installations 

325 



PRINCIPLES OF NAVAL ORDNANCE Ai\'D GUNNERY 

on shore. After the ineffective results noted 
during the T(U•awa operation in Noveinber 1943, 
sho1·e bornb1u·drnent techniques were gradually 
improved through successive landings at Roi­
Nnmur, Eniwetok , Saipan, Guam, Peleliu, the 
Philippines, Iwo Jima, and Okinawa. Later , the 
Korean \Var and the Vietnam conflict gave 
frequent oppo1·tunities for the refinen1ent of the 
techniques learned in \Vorld \Var II. 

An opposed amphibious landing is one of the 
most hazardous types of military operations . Un­
til World War II, many n1ilitury authorities 
believed that such an operation was too hazard­
ous to be attempted , In p(U' t, this belief was 
based on the Allied failure in the nn1phibious 
Dardanelles (Gallipoli) campaign during \Vorld 
\Vat 1. Analysts ascrioo the failure at lea.st 
partially to inadequate naval preparation before 
the campaign. 

To be successful, naval gunfire support for 
amphibious operations n1ust be carefully planned 
i n advance, and 1nust be executed wi th skill and 
dispatch. It is vitally important in the petiod 
a:fte1· the troops have landed Lut before adequate 
artiller·y can be brought into action. Its full 
ex'Ploitat ion can be achieved only if ground, 
naval, and air personnel understand the organi­
zation, basic techniques, capabili ties. and limi­
tations of naval gunfire s upport, ancl follow the 
standard procedure which has lieen agreed upon 
by the joint services. 

PUHPOSE OF SHORE BOMBARDMENT 
AND NAVAL GUNFIRE SUPPORT 

l\aval gunfire is delivered fro1n ships ' bat­
teries not only in s upport of ttoop operations, 
but also to s upport 1•elnted naval and air opera­
tions, such as mine warfare activities, air - sea 
r-escue operations, reconnaissance and deinoli­
tion operations, deinonstrations , feints , raids, 
flak suppression during air strikes, and intet­
dlctlon of coastal roads, railroads, a.i r fields, 
and ti·oop assembly areas. All these activities 
rest on the same basic principles as the naval 
gunfil·e suppor t of a1nphi bious operations. 

The basic task of naval gunfire support units 
in an amphibious operation is to suppo1·t the 
seizure of the objective by destroying or neu­
t.1·"' 1izin<r· "' ... 

l, Shore installations that oppose the ap­
proach of ships and aircraft to the objective. 

2. Defenses that may oppose the landing. 
3. Defenses that may oppose the postlanding 

advance of troops. 

These tasks a.re carried out in the pl'epn1·a­
tion of the objec tive for the landing, the st1ppoxt 
of the landing. and in postlanding support. 

This section takes up the fundamentals of 
naval gunfire against shore targets, both in 
support of troop operations and for other pur­
poses. 

'l'EHMINOLOGY: GUNFIRE 
CLASSIFICATION 

Naval gunfire against land targets may be 
classified in \'arious ways. The classifications 
are interrelated; terms from se,1eral types of 
clr1ssification must be used for a full descrip­
tion. These classifications are based on: 

1. Effect sought: 
a, DESTRUCTION. Deliberate and accurate 

fi r e, usually delivered i1t short range. for the 
purpose of destroying a target, usually a ntatcrial 
object. 

b. NRUTRALI7.ATIOl\ . Rapid, fairly ac­
curate fire delivered £01· t.he purpose of hiunperi ng, 
interruptirig, or pr·e"·e11ting ene111j: fire , n10\~ement, 
or action . Destruction ofweaponsnndper sonnelis 
secondary. The effect of neutralization is com­
paratively temporary; sttch fl re may have to be 
repeated. 

c . Il i\RASSING FIRE. Sporadic fire de­
livered during otherwise quiet periods to prevent 
ene1ny rest, recuperation, or moveinent, and in 
general to lower enenty morale and combat 
efficiency. 

d. INTERDICTION FlHE. Fh·e designed to 
ptevent or curtail the use by the ene1ny of an 
area, bridge, defile, airfield, route of communi­
cation, etc. 

e. ILL Ui.VllNATl NG FlHE. Gunfire employ­
ing illuminating projectiles (star shells) to illunti­
nate the enen1y, to detect his n1oven1ents, to aid 
our own observation, or to facilitate own troop 
rnovernents. 

2. Tactical use: 
a. CLOSE SUPPORT!l\G FIRE. Gunfire 

delivered on enemy targets which, because of 
their proximity, present an iinmediate and serious 
threat to the supported unit . (Close supporting 
fire may be as close t:o friendly troops as 300 
yw·ds enfiladed, OJ' 600 yards when the tn1·getwds 
ls not parallel to the line of fire.) 

b. DEEP SUPJ>OHTING FIRE. Gunfire de­
livered on objectives not in the imn1ediate \;cinitv 
of friendly forces, to ncuti·aJi ze or destroy 
enemy reser ves and weapons, and interfere with 
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enemy command, supply, communications, and 
observation. 

c. PREP ... HATION FIRE. A heavy volume 
of prearranged ncutralizaUon fire, delivered 
just prior to a landi"g or a ground attack by 
friendly forces on enemy positions. 

d. COUNTF.RBA'fTERY FIRE. Gunfire de­
livered ngalnst active enemy guns and fire con­
trol elations for the purpose of silencing the 
guns. 

e . l'HEARRANGED OR SCHEDULED FIRE. 
Gunfire formally planned and executed against 
targets of known location. Such fire is usually 
plannod well In advance and is executed at a 
predotern1lned ttmo. 

f . CALL 1"lltE. Gunfire delivered at the 
request of troop units ashore, or of some spot­
ting agency. Call- fire missions must not ba 
inter1·upted "1thout permission of the unit re­
questing the fire, except in case of emergency. 

g. OPPORTUNITY FIRE. Gunfiredelivcred 
without formal planning or troop request on 
newly discovered targets, or up0n transitory tar­
gets. Targets of opportunity may present them­
selves to the firi ng ship at any Ume, but fire 
must bo delivered only with due regard for 
safoty of f1'lendly troops. Ships executing deep 
support rnlsslons must assure themselves tllat the 
target of opportunity is within their assigned sec­
to1· or responsibility . 

h. R1':CON:-IAISSANCE FIRE. Gunfire de­
livered In areas where camnufiaged positiol'..s 
aro suspected or In vital areas whore natural 
cover prevents observation and/or gathering of 
photo intclllgonce. 

l. l·'LAK SUPPRESSION FIRE. Gunfir e 
used to suppress AA fire immediately pl'ior to 
and during an l\lr attack on enemy positions. 

3. Technique of deUqery: 
a. DIHECT FJRE. Gunfire dellqered on a 

target by using the target itself as a point or aim 
for laying the guns or director , Direct fire is 
usually used on targets which can be seen (by 
optics or radar) from firing ship. 

b. ll\DIRECT FIRE. Gunfire delivered on a 
target which Is not itself used as a p0lnt of aim 
for laying the guns or director . Indirect fire is 
always used on targets not visible from the shlp. 
This fire is spotted by air spotters or shore fire 
conlrol party spotters assigned for th! s specific 
purpose. 

4. Type of fire: 
a. ARE/\ FIRE. Gunfire delivered In a 

prescribed area. Area fire Is generally neutrali­
zation fl re. 

b. POINT FIRE. Gunfil•e directed atadefi­
nitc material target in order to destroy that parti­
cular target. 

c . DF.FILADJ; FIRE (reverse-slope fire) . 
Gunfire delivered on targets located behind some 
terrain feature, such as a hill or ridge, which 
masks the target (fig. 9- 6/\). 

d. E~FILADE FIRE. Gunfiredellvcredona 
target In such a manner that the ra11ge pattern of 
the fall of shot coincides With I.he long axis of 
the target (fig. 9 - 6B) . 

TER~lfNOLOGY: GENERAL T1':11MS 

s ome other general te1'niS used in naval 
gunfire support operations ni-e: 

l. A:'>·\Ptllll!OUS T/\SK FORCJ;. A task or­
ganization under naval co1nn1ond composed of 
assault shipping, embarked Lroops, and support­
ing naval units and tactical air units. 

2. AitPHIBIOUS TROOPS. TrOOJ> elements 
assigned to an Amphibious Task Poree. 

3. ADVANCE FORCE. A task 01·gQ11\zntlon 
of s hips which conducts opo1·aUons such as 
reconnaissnnee, tninesweeplng, undet'water de­
molition, cllversionary raids, and preliminary 
bombardment prior to the ro·rlval of the main 
body of the ATF in the objective aren . 

4. ATTACK GROUP. A subdivision of an 
ATF, consisting of assault shipping with em­
barked troops and supporting naval and tactical 
air units operating to establish 11 lnndlng force 
on shore and support its opernUons thereafter. 
In an operation involving only ono Attack Group, 
it is also the Amphlbious Task Force. 

5. FinE SUPPORT UNIT. A group of ships, 
part of the Attack Group, asslgne<I the mission 
of naval gunfire support to an amphibious opera­
tion. 

6. OBJECTIVE A.REA. A doflned geographi­
cal area "'ithln which is located the objective to 
be captured or reached by the military forces. 

7. OBJ ECTI\'E. A physical area or location 
on the ground, usually a readily ldentU:lable 
terrain feature, which a troop unit Is assigned 
to capture or occupy. Objcctlvos n1:i,y be desig­
nated as Intermediate or final ob)ecuves. 

8. D-DAY. The day on which an umphib!ous 
landing takes place. 

9. H- HOUR. The actual tlmo to tho minute 
at which the leading wave of tho landing force 
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touches down on the beach; if actual H-hour 
differs h·om scheduled H-hour, the actual time 
of I-I-hour is broadcast to all ships and troop 
units by the Amphibious Task Force Co1nmander. 

10. ZONE Of' ftESPONSIBILITY (ZR). The 
land in the objective area is divided into zones 
assigned to fire-support units or to individual 
ships which are responsible for observing, de­
stroying, or neutralizing known enen1y instal­
lations and for attacking targets of opportunity 
therein. A s hip may fi re i n i ts own ZR without 
clearance from any troop unit, providing the 
target is not short of an established coordination 
line. The boundaries of the zone of responsibility 
should be recognizable both on the terr ain and 
on the inap. The boundaries of zones of responsi­
bility of direct support s hips should correspond 
to the zones of action of the lancting force units 
supported. These zones include all land area in 
the vicinity of the landing forces except the Close 
Support Area. 

11. PRELlll'lINARY BOMBARDMENT. Bom­
bardment in the objective area delivered by an 
Advance Force prior to arrival of the main 
body of the ATF, \\ith the primary purpose of 
destroying enemy defenses which 1night hinder 
or abort the landing. 

SHORE BOi\llBARDl\.1ENT AND NAVAL 
GUNFIRE SUPPORT : FIRE CONTROL 

Naval vessels perform shore b01nbardmeni 
n1issions either in coordination with troop opera· 
tions (such as amphibious landings, assaults, 
or - to a limited degree - offensives) or i ndepend· 
ently (but in coordination with other naval or 
air units) for such miscellaneous purposes as 
interdiction or destruction of selected targets. 
This section takes up the fire control aspects 
of shore bon1bardment methods and techniques. 
A later section concenu·ates specifically on shoTii 
bombardment operations in preparation for an<i 
coordinated with troop operations. 

FIRE CONTROL ,\SPECTS OF SHORE 
BOMBARDJvIENT 

So far ns fire control is concerned, naval 
gunfire against stationary land targets presents 
much the siune problem as firing at a ship dead 
i n the water (or, "ith respect to terrain features 
at a significant elevation above sea level, at a 
helicopter hovering at fixed altitude over a 
specific point) . The following specin! aspects 
of the problcn1 are worth noting: 

l. Ship's Position. The geographical posi· 
tion of the firing ship must be continuously and 
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accurately fixed, a.s from this are determined 
the range and boaring of the target in many 
instances when indirect fire must be used. 

2. Current F.ffects. The set and drift of the 
current v.111 affect tho solution of tho fire cont1·01 
problem. \Vhen determined, drift may be entered 
into the computer as target speed; the direction 
of the set is reversed and introduced as target 
course. 

3. P!ll'allax. Unlike nonnaJ gunnery practice 
at soa, it is often necessary to increase the s alvo 
pattern In deflection in order to cover land tar­
gets of large area. One method of doing this is 
to eliminate horizontal parallax correction by 
setting horizontal parallax correctors at the gun 
mounts at infinity (I.e., for a target at infinito 
range) so thut gun bore axes !ll'C parallel for 
any specific range. 

4. Terrain. Fire control tcclmlques discussed 
in chapter 6 took into account only O\lill ship 
and target and the location and velocity of ta.J.·­
get with respect to own ship. This is neces­
sary because the featureless seascape iu1d tho 
unmarked airspaco proVide no rc{erence points. 
On land, howevcn·, there are reference points 
that can be used to assist in laying the guns on 
target, and in preventing fire on friendly troops, 
vehicles, and installations. lo addition, terrain 
features complicate correction of the fall of shot. 
Since solutions assume the point of fall to be in 
the horizontal plane, the elevation of the target 
above sea level must be considered in the solu­
tion. Figure 9-7 illustrates the errors resulting 
when the range of a land target is taken from a 
chart and the target's elevation isnotconSidercd. 
Teri·ain features tl!so affect the size of the pat­
tern in range; a forw!ll'd slope decreases i t, and 
a reverse slope increases it. Figure 9-8 illus­
trat-Os these effects. Consequently, it is clear 
that shOre bombardment almost always involve 
the use of maps and charts to an extent rarely 
required in other types of naval engagements. 

·HORIZONT,tl 

t!OlbZOHft.1. ltA..11"4' TO "A" 
AS Wl.ASUltCO t~OM CHART 

12.22 
Figure 9- 7. - Errors resulting from failure to 

compensate for target elevation. 

Al·~6'£ PATTtltW OM A ,OflWA.!ltl S-L°'r: . 
~•AA.If"- l'Affl!!.lt Oii A io!OfUZON:IM.. 
AO•Jl.r.M6[ PAnr11~ OH A RrvtRSE SLOP(. 

92.67 
Figure 9-8.- Eilect of terrain slope on the range 

pattern produced by sblp's guns. 

MILITARY GRID f\EFERENCF. SYSTEM 

Rapid and o.ccurute means for designating the 
location of targets are important in shore bom­
bardment. Particularly In naval gunfire support 
of troop operations , it sbould be obvious that the 
troop unit supported and the supporting ship must 
LLse a con1mon map. Although they need not bo of 
the same scale, nnd seldom are, the targot'maps 
must be identical regarding terrain features and 
the method of locating points thereon. Like other 
techniques of naval gunfire support, the develop­
ment of a system of target location designations 
has passed through several stages, following 
generally a grid-system method, In this method, 
the land and sea areas at the objective are divided 
into s quares IJy north-south nnd east-west lines, 
which are numbered. These lines are called 
grid lines. 

The Milltary Grid Referonce System lrnposes 
vertical and horizontal refe1·ence lines over a 
projection of the earth's surface. Its plll-pose is 
to simplify and to increase the accuracy of re­
porting and plotting in military operations. This 
grid reference system is based on two pr<>­
jections: the Universal Transverse !llercator 
(UT.M), and tho Universal Polar Stereographic 
(UPS). The UTM is used in the area between 
80° south latltude nnd so• north latitude; the UPS 
is used in the polar regions of the e!ll·th south 
and north of these limits. The UTM system 
divides its area of the earth into a grid pattern 
with each rectangle in the grid 6° from en.st to 
west and 8° from north to south, (llecausc the 
grid is rectant;,"'lar but the earth's surface is 
not flat, t11e1·e is some distortion in maps based 
on the grid, but in any single rectangle tltis 
distortion ls negligible,) 

Each rectangle is called a grid zone, and is 
designated by a letter and a number (e.g., 2P, 
5M, 52S, etc.). The gi·id zones are broken down 
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into squares 100,000 meters on a side. These are 
fu1·ther subcli vicled, with the smallest subdivision a 
100-mctcr square. The 100,000-metcr square is 
identified by letters only. In lhe examples below, 
CU identifies the 100,000- mctcr square, and 
52S identifies the grid zone. The subdivisions of 
the 100,ooo-111eter square are systematically 
tdenUfied by letters and numbers, so that in 
theory any 100-meter square spot on earth can 
be designated by its nwnbcr- letter code. This 
code is called a military grid reference, and it 
consists of a group of letters and numbc1·s which 
i ndicate (1) the grid zone designation, (2) the 
100,000-meter square identification, and (3) the 
grid coordinates; that is, the nwnerical reference 
of the point expressed to the desired accuracy. 
Exrunples: 

52!;CU •. 

52.$CU65 • • 

52SCU6957 •• 

52:;c U69 3578. • 

.Locating a point within a 
100,000- mctcr square. 

• .Locating a point within 
10,000-meter square. 

• • .Locating a point witl'>in 
1,000 1neters. 

• .Locating a point within 
100 meters. 

As a matter of practical referencing in a 
shore bomburd111cnt problem, both the grid zone 
designation and the 100,000-mete r squiu·c ldenti­
ficnl.ion arc generally on1itted. The UPS system in 
similar fasltion permits location and identification 
of any 100- meler square on tho earth's surface 
near the poles . 

Fi re-support ships are provided with ap­
pi·oach charts and bombardrrient charts for use 
on their dead-reckoning tracers . (A dead-reckon­
ing tt·acer or ORT is a mechanical plotting 
device, usually located in CIC, I.hat "111 trace 
own ship track on a chart or plotting paper to 
any of a range or scslcs desired, using as inputs 
own s hip courso and own ship speed.) These 
charts are complete in hyrdographic as well as 
topographic detail, and both have a grid system 
overprinted on them. These charts arc of parti­
cular use i n indirect fire, to be discussed Inter . 

METHODS 01" F IRE AT L/\)ID T AHGJ::TS 

In conventional gunfire control as described 
in chapter 6 the target is visible from the ship, 
either optically or by rada1· , But this is not always 
tr ue of l a.nd Lutgets; 1nuch of the firing any 
ship performs In shore bombardment will be 
at targets that nobody on the ship can see 
through a telescope or a radarscope. Fire at a 

visible target Is called direct fire; fh·e at an 
unseen target Is i ndirect f!ro. 

Direct Fire 

Targets vi Sible from the firing ship offer 
the simplest f ire control problem to tho ship, 
and their destruction is easier than torgets 
which require Indirect fire . Such visible targets 
are: point targets, counterbattery targets, targets 
of opportunity, or area targets. \\'hen the target 
can be seen, the di rector can fur nish accurate 
target bearing and elevation. 'these, with a 
present r ange which can be measu?"ed, ensure 
an accurate fire control setup which should 
result in early hits. Direct fire is controlled 
as it would be for fire agninst enemy ships 
except that when the ship is providing call 
fi re support, the fire will be directed, controlled, 
and spotted by the shore spotter. 

Indirect Fire: Use of Bombardment Charts 

Indirect fi re is employed against targets 
thal cannot be seen by tile firing ship. Given 
an accurate bon1bardment chart and knowing 
the exact position of O\V1l ship, it is possible 
to measure range and bea.l"ing to any l and target 
that has been designated in advance, and to hit. 
that t arget without using tho director or range­
finder . 

The ship's position is accurately determined by 
navigational n1ethods, using positively Identified 
landmarks, and is plotted on the bo1nbardment 
chart. Since own ship 's course and s peed are 
known, future position may be projec ted ahead 
along the ship's track by dead reckoning. As 
In direct !!re, because own ship's speed is 
usually slow (less than six knots) , the set and 
drift of the currents frequontly contri butc as 
n1uch moven1ent to own ship as do the pro­
peller s . To generate an accurate solution it is 
essential to use total n1ovement of own ship. 
To ascertain own ship's speed, CIC keeps a 
continuous plot by navigational n1ethods; after 
several plots hnve been 1n ade, the distance 
trnveled is measured agninst time and an accu­
rate value of speed is cnlculnted. This speed 
is set into the computer by band as target 
speed, and own ship's speed is set to 7,ero. 
Target course is then set in manually as the 
reciprocal of drift or true ship's course . 

Future pos itions itre projected nbend along 
the ship's t?"ack on the ORT. A iuture position 
is chosen, usuolly one n1inute ahead, and from 
I.his point benri ng and di stance to the lnrget are 
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picked off the chart. These values of range and 
bearing are sent to plot and sel into the com­
puter manually. \Vhen the ship passes the position 
chosen, lhe plotter in CIC gives a "MAHK" 
and the tlmo motor of the computer is turned on. 
The plotted ru1d computed vruues of range and 
bearing are then checked by " MAHKING" every 
15 or 30 seconds. If the range 1md bearing agree 
within r easonable Umits (100 yo.rds and 1/2 
degree), plot Is ready to fire. I! nol, the check 
procedure ls repeated andthebeu.ringandrangein 
the couiputer are corrected until tho serup is 
correct. Plot is then ready to shoot after reporting 
the gun target line (line between firing ship and 
target) to the shOre fire control party. 

Indirect Fire: Point Oscru: t.-1ethod 

This method of inr!i1•ect fire was devised 
primarily for ships with fire contl"Ol systems 
incapable of correctly generating range and 
bearing to n designated grid point. Its use, 
however, even by the newest ships is advan­
tageous under certain conditions, such as when 
no shOre spotter or air spotter is available 
for observing the fall of shot. The method re­
quires a vlslble point of aim (designated "Point 
Oscar") nen.r the target, as well as the accurate 
location of the target and Point Oscar on a map. 

In practice , the director line of sight ls kept 
continuously t r ained and nu1gcd on the point of 
aim (Point Osco.r) to give a continuous range 
<lnd bearing solution to this point. Salvos are 
initially fired at Point Oscar as a check on the 
gun ballistic, and as soon as the mean point of 
impacl has been spotted to hit, range and de­
flection spots necessary to hit the invisible 
targots are applied . 

Since the motion of the firing ship contin­
uously chungcs the values of tbo offset.s from 
the point of aim, frequent changes in these offset 
spots uiust be made to ensure hitting the larget . 
This problem is illustrated in figure 9-9. One 
way to determine correct range and deflection 
spots continuously is to use a smal l trans­
parent overlay on which a.re inscribed 100- ya.rd 
squares drawn to the same scale ns the chart. 
With the center of the gridded overlay on Point 
Oscar, and the grid lines oriented to the direc­
tion of the line of sight from the ship, range 
and deflection spots to hit the designated target 
may be i·ead di rectly fro1n lhe grid overlay. 

lndi rect Fire: Radar Beacon 

The rndar beacon is a portable tJ:ansmitter­
recei Yer, set up by the shore fire control party, 

•, 
1 .. Po1r.:-o OS.CA~ I ', 

TA.RGCT -.. .. , 

- - ::~ . _, 

005-10H IJ 2 
O~P'$E_T S_.OT: ORO? 400 

~EF- SOO 

P051TICN:: I 
0' ~Sl!:T $~T: A;:>O 500 

t. c:rr 41C:O 

36.31 
Figure 9-9.-Point oscnr method of Indirect fire, 

show'!ng necessity for continuous changes in 
offset spots to hit target. 

capable of emitting a ch.aractei·istio sign!ll when 
keyed by the transmitted pulse of the ship 's 
fire control radar. This signal Is different in 
frequency fron1 the transmitted pulse, to elin1-
inatc the normal echo i·cturns f1·om the shore. 
The signal is received by tho fire control radar 
when the i·tldnr receiver has been tuned to re­
ceive U1e beacon frequency. 1£xt1·emoly accurate 
r anges and bearings to the beacon niay be ob­
tained, It can be t racked n1ru1ually or in auto­
matic 1·:1dar control. 

The radar beacon is used primarily to aid 
in the deli very of accurate naval gunfire under 
all conditions of visibility und to cl!minate the 
errors of normal navigational plotting. using 
landmarks and other visual navigational aids. 

Indirect Fire: Defiladed Targets 

Targets which are located on the fiu' slope of 
a hill or l'idge bet'v.'een firing ship 11.nd target 
present n particulai·ly diificull problem to the 
flat trajectory of naval gunfire. The projectile 
must clear the crest of the bill but fnll steeply 
enough to hit the target beyond. In this situation 
(defiladed target) an angle of fall must be chosen 
which is greater than the angle of the reverse 
slope. Two solutions are then available. The 
ship may either increase the r11nge or it n1ay 
use reduced-velocity charges nt shorter range 
to olJLaln this selected angle of fall. Figul'e 
9-10 Illustrates this problem and Its solutions. 
A is the trajectory produced by standard ser­
>ice charges and is too fiat; B is the ti·ajectory 
which can be obtained by using reduced- velocity 
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12.2:J 
Figure 9-10. - Problem of hitting a defiladed 

target. 

charges; C is the trajectory which csn be ob­
tained with standard service charges by in­
creasing the range. 

Ii the ship tnust fire over friendly troops on 
an elevated position between firing ship and the 
target, it is necessary to determine target 
elevation, tho elevation of the troop position, and 
the differences between the two. 

Indirect Fire: Functions of CIC 

The primary function of CIC in naval gunfire 
support is to keep an exact check on the ship's 
position and from this to deterin ine ranges and 
bearings to targets designated for indirect fire. 
Accuracy of fire. when us ing the rnethod previously 
described, depends prilnarily on the skill of the 
CIC team. CIC also keeps a record of own troop 
front-line positions, target locations, and other in­
forrnation pert inent to the support of the troops 
ashore. It acts as the clearing house for informa­
tion to and from the shore fire control party and 
air observer, with whom it has direct voice radio 
com,,unication. In naval gun.fire support, CIC 
keeps the ship's commanding officer, weapon con­
trol, ru1d plot advised regarding therequire1nents 
for support; furnishes the information necessary 
to provide the s upport; and gives the shore fire 
control party such informat ion as necessary. In 
addition to target range and bearing, CIC must 
dete rmine , from contour lines of the bombardment 
chart, the elevation of the target above sea level 
and send this to the plott ing room so that range 
error resulting from this elevation may be cor­
rected in the computer. 

On cruisers these functions of CIC are often 
perfor1ned in a section of the plotting room. 
This leaves the ship's CIC free for other duties 
it must perfonn. 

SPOTTING IN SHORE BOi\<JBARD111 ENT 

The principles of spotting as discussed eru'lier 
in this chapter apply in s hore bombard!nent 

spotting, bLtt procedures ar e different when spots 
a~e made by a fire control parl-y ashore, 

A spotter ashore n1ust be located where he 
can best observe the fall of shot. Usually this 
requires hi1n to be as close as possible to the 
target; this can present hi1n with a very serious 
frontline problen1 of survival. He also has 311 
alignn1ent problem. Spots made by an observer 
aboard the firing ship are naturally oriented to 
the line between the firing ship and target (GTL), 
Spots inade froin aircraft can be oriented readily 
to the sun-tarb.-et line, since both the gun and the 
target are normally within the aircraft ob­
server's field of vision. But spotters ashore are 
frequently tmable to see the firing ship and, so 
long as they 3l'e required to make their r eports 
in relation to the gun-target line, the value of 
the information sent by the spotter to the ship 
is lin1ited, 

To simplify this problem for the spotter, the 
t31·g-et-grid system for use in spotting the fall 
of shot on land is used. The t!ll'get-grid system 
is part of the standard spotting and general shore 
bombardment procedure for use within the navnl 
service, 

QWN 
SHIP 

< 

SH P'S SPOT 
(2<.AO<. Lt!\( GF!1D); 

R250, ~200 

' ' '\ 

OS.Sf HV!o H'S SPO­
(RED L!.'JE GRID): 

R30o, o·oo 

C59.99 
Figure 9-11. -T3l'get-grid spotting problen1. 
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The system perinits the observer to spot the 
fall of shot just as he sees it along his own line 
of sight to the target (called the observer-target 
line), irrespective of the position of the firing 
ship and of the gun-tai·get line. The procedure 
is briefly outlined as follows (fig. 9-11): 

l . 'l'he observer, in his call for fire, must 
give the bearing from himself to the target­
direction OT in the illustration. 

2. The observer makes all his observations 
and corrections with respect to the observer­
tnrget Ii ne ( OTL) . 

3. The CIC or plotting room crew converts 
the corrections of the observer to corrections 
v,ith r espec t to the gun-target line (GTL) .' 

4. The plotting room crew introduces into the 
range-keeper (001nputer ) the spots corrected to 
the gun-target line, 

The concrete exalnple which figure 9-11 
illusttates is explained in the next sect ion below. 

APPl,ICi\TION OF THE TARGET-GRID 
SYSTEM 

As stated in the p1·eceding section, the target­
glid system permits the ground observer to cnll 
his spots with r espect to his own line of sight 
(OTL in figure 9-11), while spots introduced into 
Uie ship's fire control system are stated with 
respect to the ship 's line of fire. The practical 
application of the tnrget-grid system depends on 
quick, accurate conversion fro1n spotsintermsof 
the observer''s line of sight (OTL) to spots in 
terms of the Ii ne h ·om gun to tai·get ( GTL). 
This is done graphically lJy the grid spot con­
verter, which superimposes a set of coordinates 
based on OTL upon a set based on GTL. 

The converter (fig. 9-12) consists of a trans­
parent circular plastic disc secured by a pivot 
at its center to a rectangular white plastic piece. 
Ench is printed with a square grid pattern, with 
the squares on both pieces of equal si r.e, with the 
words LEFT and RIGHT on either side and the 
words .t..DD and DROP on the upper and lowe1· 
pw·ts. The gl'id lines on both pieces arc num­
be1·ed; each square represents all increment of 
100 yards. 

The grid pnttern on the while plastic piece is 
printed in black and inscribed in a ci rcle grad­
uated counterclockwise in degrees; this repre­
sents the reference grid for o;vn ship. On the 
0-180° line of this pattern is a black arrow. At 
the top of the own shlp pattern appears all addi­
tional degree calibration for introducing mag­
netic variation correction. 

The transparent pivoted disc bas its grid 
pattern printed in red; the circunlference of its 
circle (which is concent ric with that of the own­
ship pattern) is graduated counte1·clockwise in 
mils. A red arrow is on the 0-3200 mil line. 
This is the reference gdd for the observer. 

The procedure for using the converter is ex­
plained below. Figure 9-12 shows the converter 
set up for the problem illustrated in figure 
9-11. Figure 9-11 shows in red the part of 
the grid pattern that relates to the observer's 
i.-pots; the black g1' id pattern relates to own­
ship line of fire. :Vlagnetic variatlon is asswned 
to be zero. 

The procedure is as follows: 

1. The converter ope1·ator obtains the true 
azimuth of the GT line in degrees by reading 
the true tw·get bearing fron1 the computer. He 
makes a 1nark with a grease pencil at this 
azin1uth on the lower (black) disc. He then 
obtains the azimuth of the OT line i n ·mils from 
the observer (spotter) via CIC. He n1akes a 
mark at this azimuth on the upper (red) disc. 

2. The operator then rotates the upper disc 
until the two pencil niarks match. (In the fig\U'e, 
GTL is 140° and OTL is 1500 nlils.) The red 
and black arrows now indicate the aJlgular re­
lationship of the observer's line of sight and 
the i:;hip's line of fire. 

3, Vv'hen a spot is received, the operator 
starts at the center of the upper disc, which 
represents the burst, and plots the observer's 
spot, "Right 300; drop 100," on the observer's 
r eference grid (red), with enchsqunre represent­
ing 100 yards , The point plotted then represents 
the target, which i s marked with gi·ease pencil. 

4. He now goes back to the burst (center) and 
counts off the squares to the target point as pro­
jected onto the lower disc (own ship r eference 
grid) . This gives a spot \\ith reference to the 
ship's line of fire of "Right 250, add 200." This 
is the spot which i s npplied to the computer. 
(R250 is in yards, and 1nust be converted to mils 
llefore it can be applied.) 

Rectangular coordinate con1puters, such as :Mk 
47 and Mk 48, operate on the x/y coordinate 
principle. Spots axe applied as North (Y) or 
South (-y) and East (x) or \Vest (-x) values. 
Instead of the gun target line, the y axis is used 
as the 1·eference. This requil·es that the Grid Spot 
Converter be changed as shov.11 in figure 9-13. 
Along the y a"is, o• is labeled as North and 1so• 
as South; along the x axis, 090°is labeled as \Vest 
and 270° as East. 
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The procedure for spoL conversion using the 
x/y coordinate principle is its follows: 

l. using the same problem as before, n1ark 
OTL at 1500 mils on the upper (red) dl~c (fig. 
9-13). 

2. Rot.ate the upper disc until the OTL (1500-
n1!1 mark) is aligned with they axis (~orth or 0). 

3. Plot the received correction on the upper 
(red) disc as right 300, drop 100. 

4. Read converted corl'ection fro1n lower 
(black) disc ns \Vest 75, South 300. 

COM PUTEflS USED SPECIFICALLY 
1"0R SHOH,E BOMBAltDMF.NT 

Shore bombardment computers are electronic 
plotting computers which operate in conjunction 
with the fire control computers in solving the 
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C59 .100(110B) 
Figur•e 9-13. - X/ y-coordinate grid spot converter . 
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gunfire support problem. They are primarily 
an electronic DRT, which continuously solves 
for ranges and for bearings to the target, elimi­
nating all manual plotting. They are fast and 
give ·more accurate results. They are particu­
larly effective when used in COl\Junction with the 
radar ben.con. Some cruisers and new construction 
DD's al'e equipped with these co1npute1•s. 

Primarily an "indirect" fi re control device, a 
s hore bonlbardment computer pern1its blind firing 
directly from bombardment charts. Figure 9-14 
shows the relationship between the shore bom­
bardment computer and the main battery fire 
control system. The computer provides no bal­
listic data. It fits into the main batter y or 
5-incb fire control system between the gun 
director Md the ballistic computer. It receives 
from the navigating or reference director con­
tinuous values of bearing and 1·ange to a reference 
point of aim (either a s hore tar got or a radar 
beacon). These values establis h ov.'!l- s hip position 
and control tho plotting head which continuously 
indicates ship's track. The tracking head moving 
underneath a map or the target by means of 
handcranks automatically inserts tho offset be­
tween the reference point and target. 

The computer then computes the bearing and 
r ango to the target . These are t ransmitted to 
tho ballistic computer, which ls operated in the 
norinal monner. The height of the reference 
point and lhe target are manually set and used 
to conve1·t slant r ange to ground range, and vice 
versa. Dasically, the computer is a triMgulation 
computer which continuously converts bearing 
and range to a reference point into bearing and 
range to an offset target. 

Since the gun directors train in the deck 
plane, and thus transmit deck plane bearing 
information, it i s necessary to correct both 
reference point bearing and tm·get bearing for 
deck tilt . The computer also computes stabili­
zation s ign Ills of level and crosslevol and an aided 
tr acking signal to the navigating director. 

Now let us con1paro the two methods of firing 
indirect shore bombardment (CIC giving us navi­
gational data and the s hore bombardment com­
puter methods) . First, let us consider the time 
element. In the older CIC method It took lon,,.<>er 
to get a solution because the information had to 
be plotted on tho DRT, relayed to the fir e control 
plotting room by telephone, theput in thccomputer 
by hand. In using the shore bombardn1ent com­
putet', inputs of range and bearing are auto­
mnlic; hence, we have a 1no1·e accurate first 
s alvo solution in less time. Another factor is 
that set and drift are no longer required, s ince 
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tho shore bombardment computer will automati­
cally and continuously compute own ship' s posi­
tion. 

Greater accuracy is obtained by using the shore 
bombnrdnlent computer. This is possible because 
the bombm·dment chart is laid out on the com­
puter (with inputs in Nor·th-South/Enst-\Vest co- 1 
ordJnales), and the fire control r ru:lar (instead of 
the navigational or surface search radar) is used 
to establish a known range and bearing reference. 

The computer under discussion is the 1'.1k 48 . 
The Mk 47 computer i.s similar in shore bom­
bardment capabilities; however, it also can be 
used advantageously in A/\ \V. 

SHORE BOMBARDMENT AND NAVAL 
GUNFIRE SUPPORT: COMJvlUNICATlONS 

Communications in shore bombardlnent is 
111ainly external. Therefore , only the external 
aspect of this complex subject will be discussed 
in this section, and then only briefly. This 
section can do scarcely more than acquaint you 
with one corner of this ramified speciality, am 
even this corner cannot be thoroughly explored 
here-only surveyed r llj)idly with attention to a 
few essentials . Two- or three- day shore bom­
bardment schools are available v.1thin the fleet 
for Instructing a ship's " team" In the specifics 
of s ho1·c bombardment communications and pro­
ceduro. 

Figure 9- 15 illustrates schematically the 
communications net (i.e., the participating sta­
tions) for a sl~.gle ship in suppart of n battalion 
of troops ashore. The weapons liaison officer 
(\VLO) aboard a ship i s located In CIC, where he 
is connected by battle telephone \\1th plot and tile 
main batter y director (the officer usually wears 
the phones himself) and by radio with the othe1' 
stations in the net. Most often the radio contact 
is by voice radio-telephone (R/T) rather than by 
continuous- wave (C\V) code transmission. The 
officer's voice does not go on the air ; he com­
municates through a radio-telephone Operator 
(not shown in the figure) in CIC, who functions 
as bl s talker and also logs the spots and other 
information received as be gets it. 

The radio-telephone transmissions are usually 
frequency-modulated in the vo1·y- high-frequency 
(VHF) band (e.g., 30 to 300 megahertz) or 
ultr a-high-frequency (UHF) band (e.g., 300 to 
3,000 megahertz), although other bMdS may be 
used. The shore fire conti-ol party uses a portable 
battery- powered trans ceiver that can be carried 
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Figure 9-14.-The shore bombardment computer. 

on the back of one man. With a low power output-­
which is all that is possible in such equipment­
the range is only a few miles, but this is all that 
is necessary. 

The air spotter is usually in a relatively 
low-speed Spotting fixed-wing aircraft (often 
a light civilisn-type one- or two-place plane) 
or in a helicopter. The spotter and his shore 
fire control pai•ty are in a forward position 
where they can observe the target area. The 
naval g" nfire liaison officer is usually in ~. 
location farther from the target area. 

.Most of the conununication takes place be­
tween the spotters and the ship. The naval gun­
fire liaison officer sets up the net but in general 
does not participate directly in its functioning 
unless components in the net a.re changed, or 
unless it is necessary to control it for other 
reasons. 

In general, so far as shipboard con1n1uuication 
operations in shore bombardment are concerned, 
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if communications ai•e carried on through CIC, 
CIC follows these procedures: 

1. Locates on the cha.rt the target assigned 
by the shore fire control party. 

2. Furnishes bearing, range, and elevation 
to control and plot. 

3. Checks the computed solution with CIC's 
plotted solution. 

4. Relays spots received from the shore fire 
control party to control and plot. 

5. Plots forward lines continuously and ac­
curately. 

SPECIMEN OF SPOTTING 
COMMUNIC.l\TIONS OPERATION 

To illustrate an instance of the use of external 
comn1unications in shore bombardment, table 
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figure 9-15.-Shore fire control spotting net. 

Schema.tic. 

9-1 shows a specimen of thevoiceconimunication 
between shore spotter and ship in a simple 
spotting operatlon. 

The ship's code nrune ls RIFLE; the spotter' s 
code name is EYEPIECE. The con1munications 
setup rese1nbles that in figure 9-15 except that 
there is no air spotter and the naval gunfire 
liaison officer does not participate in the pro­
ceedings quoted in table 9-2. 

SHORE BOtvlBARDtvlENT AND NAVAL 
GUNFIRE SUPPORT: OPERATIONS 

.Kava! gunfire has many capabilities , advan­
tageous for troop support in landings, which con­
ventional land artillery does not possess. These 
include: 

1. AVAILABILITY Gunfire support ships are 
continuously available before , during, and after the 
landing, as long as the zone of act ion ashore is 
within the range of the ship's guns. 

2. :>i!OBILITY. Within the limitations of navi­
gation, ships can 1nove rapidly from one area to 
another as the situation ashore develops. At the 
same time, the 1nost favorable ranges and lines 
of fire can be fully exploited, and enemy counter ­
fire can be evaded. 
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3. HIGH RATE OJ." FIRE. Power loading and 
mechanical ammunition supply make it possible 
to deliver a large volume of fire in a short time. 
This characteristic is of great value in neutral­
ization mis sions, where it is necessary to satu­
rate the target area with a large volume of fire. 

4. HIGH MUZZLE VEI,OCITY AND FLAT 
TRAJECTORY. Naval guns, particularly those 
of heavy caliber, have great penetration and 
destructive power, especially againsti nstallatlons 
presenti ng vertical SlU'faces. 

5. SMALL DEFLI£CT!ON PATTERN. The 
comparatively small dispersion in deflection of 
naval guns makes them valuable for close sup­
port of troops when the line of fire can be made 
parallel to the t roops' front line (enfilade fire; 
figure 9-6B). 

LIMITATIONS OF NAVAL GUKFIRE 
SUPPORT FOR TROOP OPERATIONS 

Tactical employment of naval gunflre in sup­
port of troops also has certain limitations, which 
must be considered in both planning and oper a­
tional stages. The most in1portant are: 

1. Necessi ty for obser vation. Naval gunfire, 
except for area fire on very large targets, must 
be observed and corrected to be effective. This 
requires a spotting agency, such as a ground, 
air, or shipboard spotter . 

2 •. Navigational limitations. Ships are forced 
to remain in safe, na•igable, mine-free wate1·s, 
and therefore son1etimes cannot take advantage 
of the positions n1ost favorable for the attack 
of targets. In some cases, ships cannot fire at 
all on cer tain defiladed (located on a reverse 
slope) targets (fig. 9-GA) . Obviously, the m!OO­
mun1 range inland is limited by the position 
of the ships, as well as by the characteristics 
of the weapons used. Further , the fact that the 
ship is in motion requires the continuous and 
accurate fixing of the ship 's position for delivery 
of flre on targets not visible from the ship. 

3, Communications limitations. Radio and vis­
ual communications between ship and shore 
are not as flexible, reliable, or secure as com­
munications by wire or telephone. 

4. Limitations of pattern. By comparison 
with artillery, naval guns have a small deflection 
pattern, a large range pattern, and a flat tra­
jectory. This ls an advantage in some reSpects, 
but requires careful selection of lines of fire 
when engaging targets near our own troops. 
The difficulty of fire against defiladed targets 
may be overcome by using reduced-velocity 
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Table 9-4 

-
Fro1n Nature of Radio Telephone Remarks action 

Ground Call for fire. RIFL E this is EY EPlECE; a. Target numbel's are selected 
spotter. fire mission; target number fron1 appropl'i ate instructions 

niner five zero, over. contained in operation order. 

Ship- Repetition F ire mission, target number 
back etc., out. 

1>'pctter - Call for fire Grid six niner three, five b. The spotting may be expressed 
conti nued seven eight; altitude seven in mils or degrees, from grid. 

five meters; bearing one five magnetic, or true north. 
hundred mils; one hundred c. The altitude of the target is 
troops in open; danger close, always included. Unit of 
north west three hundred, measure i s always specified. 
high explosive; fuze quick; d. The target description 
tv.ro gtLns ma.in arm an1ent; should be brief yet clear 
adjust fire, over. enough to permit evaluation by 

the firing ship and for target 
intelligence. 

e . Proximity of frienclly troops 
to target is sent so that the 
ship can provide for safe firing 
of the initial salvo. 

Ship - Repetition Grid six niner three-
back. e tc., out. 

Ship- Ready First salvo a t southeast, Expected position of fall of 
report. four hundred; ready, one shot of initial sa!t<o always 

three; fire, over . given when call for fire includes 
a danger situation. 

Spotter - Fire First salvo at southeast, 
Com1na.nd, four hundred; ready, one 

three; fire, over . 

Ship- Repetition Fire, out. 
back. 

Ship- F'ire Shot- splash, out - "SHOT" is transmitted upon firing. 
report. "SPLASH" i s transmitted 5 

seconds before salvo is due to 
detonate. 

Spotter - Calls the Hight three hundred; drop one Figure 9-11 illustrates this spot. 
spot. hundred, over. 

Ship - Repetition Right thr ee hundred; drop one 
hundred, out. 

110.167 
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Table 9- 4 - Contlnued 

l"rom Nature of Radio Telephone nemarks 
action 

Ship- Shot- splash, out. 

Spottel'- Drop one hundred, over. 

Ship- l\epeti ti on Drop one hundred, out. 
back. 

Ship- Shot - splash, out. 

::;potter- Left five zero; six guns Spotter has enclosed i1u·get 
four snlvos; fire for effect, 100-yard bracket. He halves 
over. the bracket, and goes to fire 

for effect. 

Ship- Hepetition Left fl vc zero; six 
back. guns four salvos; fire for 

effect, out. 

::;111p- Shot- splash, out. :\lade for first salvo only or 
fire for effect group. 

Ship- Hounds complete, over. All fire for effect sn! vos have 
been fir ed. 

Spotter- Spreading fire; left one Spotter "ishes to distribute 
hundred; add three hundred; fl re over the target aren . 
six guns four salvos; fire 
for effect, over. 

Sblp- Repetition Spreading ilre; left . ... etc., 
back. out. 

Ship- Shot-splash, out. Second fire for effect salvo 
was fired before the first 
snlvo was due to bul'St. 

Sh.ip- Rounds complete, over. 

Spotter- Hounds complete; end of Spotter is satisfied that 
mission; 30 troops ki a; target is neutralized. :-lo 
remainder dispersed, over. further fire Is required. 

Ship- Repetition End oC mission ••. etc., out. 
back. 

110.167 
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chiu·ges or by increasing the 1·ange to obtain a 
g1·eater angle of fall. 

5. Limited ammunition capacity. The limited 
capacity of the ship's n1agazines, coupled with 
the fact that a ship inust always retain a certain 
amount of ammunition for its own protection, 
restl"icts the ability of any one ship to main­
tain uninterrupted support over an extended period 
of tin1e. This disadvantage may be overcome by 
providing adequate an1munition replenislunentand 
by rotating ships assigned to r.-upport missions. 

SELECTION OF \V EAPONS 

Selection of the guns or weapons to be used in 
naval gunfire support is determined by the nature 
and size of the target to be engaged, and by the 
proximity of friendly troops to the target. The 
t>-inch gun is normally used for close supporting 
fire; its rapid rate of fire and relatively small 
pattern size make it an excellent weapon for 
neuf.I•alization and destr uction of targets in1-
mediately in front of advancing ttoops. De­
stroyers are usually assigned close supporting­
fire duties because their1n aneuverabilitypermits 
them to shift positions easily and quickly and to 
take positions close inshore for cli1·ect fire on 
targets in coastal areas. 

Eight-inch guns, with their great accuracy at 
long range, are normally r eserved for deep sup­
porting fire. The lethal bursting radii of pro­
jectiles from these g~ms li1nit their employment 
in close support. Moreover, ships mounting 
Uiese guns (cruisers) are hampered in responding 
quickly to fire comn1ands because they are less 
maneuverable than destroyers, and their fir e 
control organization is more complex. The larger 
ships also have additional duties. Destructive 
power of l arge-caliber projectiles makes them 
particularly effective against heavy installations 
ashore. 

Six-inch guns are suitable for either close or 
deep support, but the light cruisers mounting 
these guns are better adapted for deep support 
use, since their maneuverability is restricted. 

Three-inch and 5-inch guns of DE's and 
APD'S, are s uitable for harassing fire missions 
of the sort often executed against areas remote 
from our 0\\11 troops, such as towns, harbors , 
and coastal air strips. The use of these ships 
for this purpose provides a necessary feature of 
support, and releases ships with more accurate 
fire control equip1nent for use where precision 
fire is required. 

Three-inch guns are effective for area neu­
tl'alization where heavier guns are not required. 

They are particula»ly effective against shore-line 
targets, especially enemy personnel in caves. 
When such fire is controlled by the dual-purpose 
gun directors, it is accurate and effective at 
short ranges; when not so controlled, larger 
safety margins with respect to O\\n troops inust 
be allowed. 

SELECTION OF PROJECTILES 
AND FUZES 

Selection of the projectile ty1Je to be used in 
suppoet of troops depends upon the type of target 
and the effect sought on tl1at target. Because in 
s hore bo1nbardment a battery is likely to be 
shifted frequently and rapidly from one target to 
another (quite likely of different type, requiring 
a change in amn1unition), am1nunition-handling 
personnel should be prepared to change pro­
jectiles and fuzes on very little notice. 

High-capacity (HC) projectiles iu·e especially 
for use in shore bombiu·dment. They have great 
explosive content (at the expense of penetrative 
abi lity) and produce a heavy blasting and frag­
mentation effect. HC is therefore suitable for 
neutralization or for destruction of relatively 
light installations. 

Antiaircraft common (AAC) projectiles are 
similar to HC projectiles in explosive and pene­
trative qualities. Their effective bursting radius 
of 35 to 50 yards fits them for close-support 
neutralization fire. 

Armor-piercing (AP) and common (COJ.\1) pro­
jectiles are designed to penetrate armor plate 
before detonating. Their use in shore ho1nbard­
n1ent is limited to fire on fixed enemy defe11ses, 
such as concrete pillboxes and blockhouses which 
cannot be reduced by HC projectiles. 

Rocket assisted projectiles (RAPS) are used 
prin1arily against per·sonnel and light-material 
shore targets. A secondary use is against enemy 
shipping at extended ranges. 

\Vhite-phosphorus (\VP) projectiles have been 
found very useful for screening, incendiary, and 
antipersonnel effect. They may also be used as 
"identifying or mru·ker shot" to identify salvos, 
to pern1it spotting when the impact burst is in­
visible due to foliage, or to give a prearranged 
signal to the troops supported. 

Illuminating (ILLUM) projectiles are used to 
provide illun1ination only. 

Fuzes used "ith HC, 1\..!;.C, and \VP pro­
jectiles may be selected to meet different ob­
jectives. Mechanical time fuzes may be used 
to provide air bursts for maximum effect against 
personnel and light equipn1ent. They should be 
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set lO burst 25 to 50 feet directly above the tar­
get. Proximity fuzes, which require no advance 
setting, accomplish the same purpose with greater 
accuracy and Jess difficult fire control, as they 
co1npensate nulOmatically for vru:lations in ground 
elevation. Point-detonating fuzes ulso require no 
advance setting but produce a lower and inore 
concentrated burst, often desi ruble for dmnolltion. 
J3ase-detonating fu:zes are, of course, required 
against armored or other heavy structures. 

TARGET 11\TELLIGEKCE 

Before the undertaking of any bom barclment of 
land targets, a thorough familiarity with the ter­
rain and hydrographic features of the objective and 
with the location of profitable targets must be 
acquired. The study of available charts, maps, 
aerilll photographs, radar PPl simulations, ino­
so.ics, and other pertinent information will be 
necessary for rapid, effective troop support. 
Normally these charts, maps, photographs, and 
target information will bo furnished each fire­
support ship prior to the operation. The sys­
tematic destruction of defenses requires the 
continuous assembly s.nd evaluation of targets 
known befo1·ehand, and of those discovered in 
the course of the operation. Damage assess­
ment nmst be based upon visual ol>scrvation and 
photouno.Jysis . A common error is over-optimism 
as to the effectiveness of naval fire against 
land targets . 

PHASES OF NAVAL GCl\FlRE­
Sl:PPORT OPEHATIONS 

It is convenient to divide naval gunfire support 
for a landing operation inlO three general phases 
as follows: 

1. PflELANDING BOMBARDMENT. This 
phase, which may co1nmence well in advance of 
0-dny, utilizes quick raids by surface ships to 
inflict damage and cause confusion, after wl>ich 
the ships retire. Similar strikes may be carried 
out by aircraft during this phase. 

)tore often the bombardment group will move 
into position a few days prior to D- day and 
commence its schedule of prearranged fire which 
inay continue right up to H-hour (the time of 
lundlng of the first wave of troops) or may be 
interrupted by retire1ne11t of the bombardn1ent 
group for reasons of sa.fety . 

During this period, the effect sought by the 
bombard!nent is destruction of boach defenses, 

gun control and observation posts, or any de­
fenses whloh could effectively oppose the landing. 
Slow, deliberate, close-range destructive fire is 
used whenever possible. Jn this and later phases, 
the identity of the actual landing beaches may 
lie concealed by a schedule of fire covering other 
areas. The number of ships engaged in the pre­
lancling bombardment, its duration, and the type 
of ammun!Uon expended will depend upon such 
factors ns the number of ships and planes avail­
able, logistics (especially ammunition supply). 
and the nature of the terrain and its defenses. 

Jn addition lOltsprimarypurposeofdestroying 
designated targets which may hamper the landing, 
U1e force may provide cover for n1lnesweepers, 
unde1·wa,ter demolition tean1s, and oceanographic 
survey vessels. During the night lt may engage 
In harassing fire. During the last hours prior 
to H-hour it may be called upon for lnte1'diction 
fire to prevent assembly of reinforcements and 
prevent their rnovement into tho area of the 
beaches to man or repair equipment. On D-dlly, 
before troaps embar k, bombardment of strong 
resistance points is intensified. 

The force may also cover final minesweeping 
operations and the approach of the attack force, 
especially the transports. \Vhen tr an sports are 
in poslt1011, off the l anding beaches, fire can be 
concenti·atecl on strong points which intelligence 
reports or observation indicate have not been 
dcsti·oyed. 

During this period, air strikes are often 
scheduled to bomb and strafe the beaches. Pro­
visions must be made to control fire so as to 
avoid hitting friendly planes. 

2. SUPPORT DURING THE LA)<DDIG. The 
primary missions of navlll gunfire in this phase 
are to protect the transports while the landing 
force Is embarking in boats, to s ilence batteries 
which might destroy the assn.ult waves ns the 
boats move in to the beach, and to cover the 
actuaJ landing of ti·oops. The barrage must 
be lifted inland or shifted to the flanks as the 
troops near the beach to avoid hitting the landing 
force as well as to neutralize strong points 
from which destructive crossfire could rake 
the beaches. Jn addition to close supp0rting 
neutral! zaUon fire on the landing and adjacent 
areas, deep supporting fire must concurrently 
prevent enemy troap movement townrd the lund­
ing aren and neutralize mo1·e remote opposing 
enemy defenses. 

During the last few minutes, as the first wave 
nears the beach, a final air strike often parallels 
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the beach, strafing and driving the enemy to 
cover. Because things happen so Cast, and because 
communications with the troops being supported 
are rarely adequate in the critical poriod during 
and immedlately following a landlng, most of the 
supporting fire must be planned in advance, for 
delivery according to a cai·efully formulated 
and coordinated time schedule. 

3. POSTLANDING AND TROOP ADV A.1\C E 
PHASE. Naval gunfire is employed after the 
landing phase to assist the advance of troops 
to their final objectives. The postlanding fire 
schedule must be carefully planned for coordi­
nation with the estimated troop advance, but 
must be capable of quick modification to permit 
repeating, extending, or discontinuing anyportion 
of the schedule when the advance differs from 
the plan. Close and deep supporting fire must 
be scheduled to continue after the landing, to 
neutr!ll..!zc enemy opposition which would hinder 
the rapid establishment of organized troops 
ashore. SCheduled fire after H-hour must last 
well beyond the estimated time required to 
establish efiective naval gunfire control agencies 
ashore. With heavily defended objectives, sched­
uled fire for close support must continue at 
least an hour after the landing, and for deep 
support at least 4 hours. 

Close supporting fire from ships assigned to 
them, dally or upon special request, is made 
continuously available to troop units In the assault, 
Deep support-including dally destructive fire 
missions, preparation fire for troop attacks, and 
night harassing fire - are scheduled for dally 
execution In fulfillment of troop requests. This 
phase of naval gunfire support begins upon com­
pletion of the prearranged scheduled fire in sup­
port of the landing, and continues until naval 
gunfire is no longer required for support. 

PREFEilHED PRACTICES IN NAVJ\L 
GUNf'IHE SUPPORT 

ECfective support of troops by naval gunfire 
depends on certain operating principles and 
techniques of delivery - what might be called 
tricks of the trade, or recommended operating 
practice. This section briefly dlscusses a nwn­
ber of these principles and recommended tech­
niques. 

1. PHBHEQUISITES FOR EFFECTIVE SUP­
POHT FIRE. PrereqLdsites for effective support 
are propor alignment of the fire control system 

and gun battery, rapid and reliable Internal and 
external communications, and well-trained ship 
control, fire control, and gun control personnel. 

For optlmwn effectiveness personnel aboard 
a firing ship should be thoroughly familiar with 
the land areas the ship is assigned to cover. This 
can be achieved through repented firing, obser­
vation, and analysts. ConsequenUy, it is best to 
avoid shifting ships to different areas o:f respon­
sibility once their personnel have become ac­
quainted with the areas originally assigned. 

2. COUNTERBATTERY FIHE. The first duty 
of naval gunfire in all phases of support is 
immediate and effective silencing of heavy enemy 
weapons which open fire on our forces. Hence, 
a counterbattery plan anticipaUng all contingen­
cies must be in constant readiness, and fire­
support ships 111ust be ready and lllel't nt all 
times for the delivery of this fil•e. lf the source 
of enemy fire is not known, heavy counterbattery 
fire on suspected sources is dolivered until the 
enemy battery is located. The whereabouts of 
friendly forces must be kept in mind during such 
an attack, 

3. STEAMDIG SPEED. Unlike surface or air 
action at sea , naval gunfire support generally rec 
quires moderately low speeds. High speed in a 
firing ship requires it to mal<e fJ·equent course 
reversals to remain in its assigned sector, causes 
inaccuracies in establishing ship's position for in­
direct fire, takes the ship too quickly beyond 
effective firing positions, and may result in inter­
ference with other activities offshore. The best 
practice Is to select a low speed which will allow 
good control of the ship and the supporting fire, 
consistent with the tactical situation and the sub­
marine menace. If necessary, the ship 1nay lie to 
or anchor, maintaining desired heading by the use 
of the engines. Best results for Indirect fire wili 
be obtained if ships steam on a steady course at 
constw1t low speed. However, when extensive 
counterbattcry fire is present, the ship-speed 
method of gunfire support, developed during the 
Vietnam conflict, is used. (A description of this 
method is beyond the scope of this text.) 

4. NEUTRALIZATION. Volwne of fire re­
quired for neutralization of a target area is 
difficult to establish. The standard volume estab­
lished before \Vorld \Var II prescribed the equi­
valent of sixteen 75- mni projectiles per minute 
per 100-yard square as being sufficient for 
neutralization. Although the experiences of\Vorld 
\V!ll' II showed this often to be entirely inadequate, 
it ls slill a valuable guide which may be modified 
as conditions dictate. Experience proved that the 
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blast effect of bursting projectiles had been 
hlgh!y over1·ated in neutralizing effect; it was 
found instead that neutralization pl'irnarily de­
pended upon the casualties produced or thr eat­
ened by flying fragments. Fragmentation effects 
vary greatly, even in identical projectiles, be­
cause they depend on such factors as angle of 
fall and terminal velocity. For example, the 
nwnber of casualties may double with an in­
crease in angle of fall fro1n 10° to 60°. Ef­
fectiveness of fire for neutralization will also 
vuy with terrain, types of enemy installations, 
and quality of enen1y troops. 

5. USE OF ILLUIMINATING PROJECTILES 
(star shells). Illumination of land areas by naval 
star shells is effective in preventing enemy 
counterattacks, infiltration, and the moven1ent of 
ene1ny troops at night. Its morale-boosting effect 
on our own troops generally results in requests 
for exorbitant star-shell expenditures to produce 
unnecessary illumination of the land area through­
out the night. Except during actual enemy counter­
attacks, star shells fired at a reduced rate and 
at i!•regular intervals normallydiscouragcene1ny 
movement. Maximum benefit fro1n the limited 
supply of star shells available requires judicious 
control and coordination by troop units to avoid 
the silhouetting of own fo1·ces ashore and afloat. 
\Vhen delive1·ing illumination fire, the line of 
fire must be so adjusted with relation to out' 
front lines that friendly troops are not en­
dangered by star-shell bodies. Searchlight illumi­
nation for troop support is generally unsuccessful; 
it almost invariably draws enemy fire on the 
ship employing it. 

6. RECOll'JJvlENDED PRACTICES IN FIRING. 
Use direct fire whenever possible. Indirect fire 
requires more ai.nmunition and tin1e than direct 
fire for equal destructive success. Indirect fire 
requires air or g1·ound observation of the fall 
of shot in order to ensure hits on point targets; 
this is not essential for direct fire. The ef­
fectiveness of naval gunfire is increased by the 

employment of an air spotter working with a 
ground spotter. 

Once established, maintenance of the hitting 
gun range and deflection is essential to effective 
destructive fire, Periods of continuous slow fire 
with 1·educed salvos are therefore preferable to 
more rapid fire interspersed \\~th relatively 
long nonfiring intervals. 

For decisive destruction of heavy defenses, 
use, if at all possible, very close-range, slow, 
deliberate, direct fire. Fire-support ships should 
usually operate as close insho1•e ns safe navi­
gation, the tactical situation, enen1y shore bat­
teries, and the type of fire required will pern1it. 

\Vhen close supporting neutralization fil·e on 
the landing ai.·ea in support of troops about to 
land is scheduled to be shifted on a tilne basis 
relative to the esti1nated tin1e of H-hour, it must 
be adjusted according to the actual position of 
the troop landing craft. From reportsoflanding­
craft progress received, but primarily fron1 own 
observation when possible, fire-support ships 
n1ust individually determine when their fire is 
about to endanger troops nearing shore, and 
acco1·dingly shift the fire from the landing al'ea. 

Close cooperation between ships and the 
troop units assigned for support is essential for 
inforination between supporting shlps and troop 
units can ensure intelligent and effective :fire 
support . Of particular importance is the safety 
require1nent that all fire-support ships main­
tain ru1 up-to-date plot of own troop frontllne 
positions as periodically announced by lunding 
force elements. Thls not only prevents endanger­
ing own troops, but pennits selection of the n1ost 
suitable line of fire with respect to troop lines, 
and safeguards friendly aircraft operating in the 
area. 

Specific infonnation on all phases of gunfire 
support in a111phibious operations may be found 
in N\VIP 22-2 {latest revision). 
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CHAPTER 10 

AIRCRAFT ARMAMENT 

In this chapter, we discuss rockets and their 
launchers, bombs , and guns used on naval aircraft. 
Guided tnls siles are covered in l\avsl ~lissile 
Systems, NavPers 10785 series. 

ROCKETS 

The use of rockets in war fare Is not a recent 
development; in the thirteenth century they were 
used by the Chinese in the defense of Peiping 
against the Mongols. During the first two decades 

·of the nineteenth century an I::nglishnisn , Sir 
William Cong1·eve , deve loped artillery rockets 
that weighed up to 24 pounds. The rockets had 
a range of about 2 m Iles and were used by the 
British during the Napoleonic \Vars and, In the 
history Of our own counl ry , during the attack of 
Port :\fcHcnry in the \Var of 1812. 

The revolutionary gun designs later in the 
nine~nth century, along with the development of 
smokeless powder, partially eclipsed the further 
development of rockets as a military weapon 
until \Vorld \Var O. During \Vorld \Var l , for 
ex111nple , rockets wer e largely restricted to s uch 
auxiliary jobs as signaling, and car rying lines 
In sea- rescue work. Their only aerial offensive 
use consisted of tying tltem to the struts of 
French and Russian aircraft and shooting them 
into German observation balloons. 

Beginning in the latter part of 1941, the arnied 
forces of Germany, Great Britain, and Russia 
came out with military applications of the rocket 
principle. These countries had been working on 
military rockets for several years before the 
outbreak of \Vorld \Var 11. 

Rockets were still much less accurate than 
guns, but they made up for this shortcoming by 
the fact that they had no recoil and could be fired 
from a simple light launcher instead of a heavy 
gun. They cou Id be used where absence of weight 
was desi!·ablc or a great volume offi re was more 
Impor tant than accuracy. Shor t- ru.nge rockets 
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were dc"eloped for use against shore Installa­
tions, ships, tanks, aircraft, and personnel. The 
Germans produced a long- range rocket missile 
known as the V- 2. 

By 1941 the United States also had em':larkod 
on a rocket p1'0gram, and hogan rocket operations 
in the :\orth African campali,.,, of \Vorld \Var Il 
with the Rocket Launcher Ml , popularly known as 
the bazooka. The year 1943 ushered in the first 
aircraft rockets; and by the end of the war, 
a variety of aircraft rockets we1·e in combat use. 
The rockets to be discussed in this chapter are 
the present day descendants or these pioneers. 

1\ rocket is a miss ile propelled by reaction 
thrust produced by the escape of gases evolved 
fron1 tho burning of self-contained solid, liquid, 
or gaseous propellants. i\ ti•ue rocket by defini­
tion does not. for example, use atmospheric 
oxygen to burn Its fuel . 

In general usage, any missile that is rocket 
propelled can properly be called a rocket. In 
naval ordnance ternilnology, however, the unquali­
fied te1•m "rocket" denotes a rocket- propelled 
missile that is not guided after launching, either 
by built-In equipment or hy command s ignals 
from without. Rocket-propelled missiles that ar e 
guided after launching are guided missiles, and are 
covered ln Principles of Guided '.\1iss iles and 
l\uclcar \\leap<>ns, l\avPers 10784 ser ies. 

Rocket propulsion has two noteworthy char­
acteristics: 

1. The propuls ion force delivered ls inde­
pendent of atmospher ic air, and thus the rocket 
m11.y be propelled through empty space. 

2. The propulsive force is unaffected by the 
rockets velocity. 

PRT:\CIPLE OF HOCKET PROPULSION 

A rocket motor is a metal tube that serves as 
a combustion chamber. The burning p1"0pellant 
generates hot gas , and the gas pressure wi thin 
the combustion chamber i·iscs quickly to some 
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value determined by the amount ,111d character­
istics of the propellant and the size and shape of 
the nozzle (or nozzles). The gas exe r ts approxi­
mately the same outward pressure on each square 
inch of surface within t'1e combustion chamber; 
howevei:, the gas rushes out of the nozzle without 
exerting any force upon the area of the opening, 
but with exertion of full force upon the correspond­
ing area at the forward encl of the coinbust ion, 
Thus a net force or thrust acts in the forward 
direction, 

A rocket motor is ci1lled a reaction motor 
because its operation is based on Newton 's third 
law of motion: To every action (force) there is 
an equal and opposite re,1ction (force). Simply 
stated, the rocket's propelling force is the reaction 
of a force acting in the opposite direction. 

The conversion of heat energy into kinetic 
energy is fundamental to rocket propulsion. This 
poses two basic probletns: (1) to ge11erate gas 
under high pressure and at a constant rate - a 
problem of chemical reaction; and (2) to direct 
the high- pressure gases into a high-velocity 
strean1 - a problen1 of nozzle design. Pressure 
in a rocket m:itor depends largely on burning rate 
and escape rate. In solid-fuel rockets , for ex­
ample, the composition of powder, s hape of grain, 
and rate of burning, which have important re­
lationships to performance as discussed in Ch<tpter 
4, are also important factors in rocket design. 

ROCKET CHARACTERISTICS 

The pr inc ipal factors taken into account in 
designing a rocket are hitting accuracy , payload 
weight in relation to overall weight, velocity , 
time-to-target, type of tar1_,>et , and safety, Many 
of these fi1ctors contend against each otl>er. The 
guiding factor is the tactical purpose of the rocket. 

Lack of recoil is amajoradvantageofrockets . 
The force of the propelling gases acts only upon 
the motor walls. Except for the irnpinging jet 
exhaust, no stress is exerted upon the launcher 
and firing aircraft. Therefore, the launcher may 
be a relatively simple, light structure. 

The rocket carries its propelling forces within 
it, and a prolonged time of acceleration is possible. 
This factor eliminates the need for high initial 
acceler<ition to attain required velocity. The 
accelerat ion given a shell may be approxin1ately 
100 titnes greater than that given a rocket of 
comparable callber. Therefore, rocket co111po­
nents may be of relatively light construction. 

The mean dispersion of a salvo of air-launched 
rockets is about 10 to 20 mils (10 to 20 feet at 
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a 1,000-foot range). This shotgun effect pro­
vides high hit probability, Rocket ·accuracy is 
comparable to that of a gun on a fixed mount and 
superior to thatofabomb. This degreeof accuracy 
is a.11 that rockets need. Each rocket carries 
enough high explosives to destroy the target for 
which it has been designed. 

~Iodern combat requires thegreatestdestruc­
t ion deliverable in the shortest poss ible time. In 
this situation, the superiority of rockets over 
other weapons is decisive. 

Characteristics of Trajectory 

The t rajectory of a rocket differs from that 
of other projectiles, because a rocket carries its 
source of power with i t. The motor not only 
increases the size of the missile in relation to 
its payload but also provides reduced initial 
velocity, prolonged period of thrust, and increased 
range potential. 

A pilot's personal flying habits are critical to 
the successful firing of rockets. He m'Jst master 
the aircraft as a h~unchlng platform since the 
rocket trajectory is an extension of his airc1·aft 
trajectory a.nd, as s uch, is sensitive to every 
variation during the tracking run. 

In order to aim successfully a.t the target, it 
must be possible to predict the rocket trajectory. 
The exterior ballist ic characteristics of rockets 
are knO\V11, iu1d the trajector>y of a rocket launched 
by a.n aircraft in unaccelerated flight is relatively 
simple to predict. The directingforcesactingupon 
the rocket converge in a vertical plane, directing 
the rocket forwa.rd and downward, A skid, however, 
introduces horizontal influences which destroy this 
vertical unity, and the trajectory becomes re­
latively unpredictable. Although the l'OCketfollows 
the flight path of the aircraft at the instant 
of release, s light variations of the aircraft will 
not seriously affect rocket trajecto1>y. 

Launching Characteristics 

The accuracy of a ground-lam1ched rocket is 
affected by the launcher length, The launcher has 
to be of sufficient length to allow the rocket to 
build up a velocity that will insure stability. The 
init ial velocity of an aircraft.-fired rocket is 
nearly the velocity of the aircraft; therefore, 
aircraft rocket launchers may be 1•ery short in 
length with no adverse effect upon accuracy. 

The effective launching of a rocket in the 
direction of tile flight line n1ay be upset by local 
ai r turbulence which acts to increase dispersion. 
However, the impact of the wlndstrea1n along the 
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flight path tends to correct th is yaw. The possible 
effect of local airflow is considered in the air­
craft design. 

The following factors affect the placement of 
launchers upon the aircraft: 

I. The effect of turbulent air currents about 
the launcher upon the initial rocket trajectory. 

2. The effect of the jet blast of the rocket 
upon the launcher and aircraft structures and 
engines. 

ROCKET MOTOR DESIGN 

F'igure 10-1 shows the external appearance of 
one common type of rocket. The head contains a 
high-explosive charge and a nose fuze to initiate 
detonation. The motor contains the combustion 
chamber, and houses the propellant charge. Hot 

MOTOR TUBE 

WAR HE AO 

gases f<on1 the combustion chamber issue from 
a nozzle at the after end of the assembly. 

The U1rust of a rocket n1otor ts, as already 
stated, ru1 equal and oppos ite reaction to the thrust 
developed by the expansion of gases discharged 
at the· nozzle. Since the expansion of gases is 
maxirnu1u in a vacuun1, that is where rockets 
function most efficiently. Rocket rnotors contain 
a ll the essentials for functioning, and do not re­
quire atmospheric oxygen for combustion. 

The important functional parts of a rocket 
motor (in the types of rocl{et discussed in this 
chapter) are tile nozzle, ll-ie motor tube, the 
propellant witil its igniter, and the stabilizing 
features, 

Nozzle 

The function of U1e nozzle (of which there ftre 
usually several) is to periuit the hotgasproduccd 

FIRING CONTACT 
NOZZLE AND FIN 
ASSEMBLY 

FUZE 

14--,,.L..--- PROPELLENT GRAIN 

?"'-- --IGNIT ER 

110.142 
Figure 10-1. -Typical airbor ne rocket. 
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by the burning ballistite propellant to flow out of 
the rocket motor, pushing the rocket along as it 
goes. 

For maximum efficiency In developing thrust , 
gas !low must be non-turbulent. The shape of the 
nozzle (fig. 10-2) determines thtl characteristics 
of gas flow, and hence has much to do with how 
efficiently the gas flow propels the rocket. For 
a smooth, controlled trajectory, the nozzle must 
produce thrust along the long axis of the rocket; 
and the nozzle must be designed to develop every 
possible bit of thrust irom the flow, 

By tapering the rear of the chamber so that It 
narrows smooth ly toward tho nozzle aperture, a 
smooth, non-turbulent flow of escaping gas is 
created. This tapered section forms the forward 
half of the no,zlc. The tapered oxtens!on, forming 
the after end of the nozzle which leads outward 
from the nozzle aperture, forces the escaping gas 
as it expands to furl'Jsh additional (about 33 per­
cent) forward thrust. 

~fotor Tubes 

The rocket motor tube contains the propellant 
charge and igniter. Jt is a combustion chamber In 
which the propellant Is burned to provide the 
motlvo po1Vcr (hot gases) for the rocket. It 
generally threads to the rocket or im adapter In 
the base of the head, and is usually shipped sep­
arate from the head. The diameter of motor and 
warhead ls the same. 

Propellants 

Although a rocket may be propelled by either 
solid or llquid fuel, airborne rockets utilize only 
solid propellants. The propellant used Is a single­
grain, double- based type, consisting of either 
balllstll;e or SPCG. The grain ls oxtruclcd into a 
perforated star shape {cyllndr lcal with an eight­
point star- shaped hole through the center) as 
shown In figure 10-3. 

A sail- coated ballistic rod Is suspended in tho 
center of the propellant grain to smooth the burn­
ing and suppress the flash, which aids in pre­
venting flameout of the aircraft jct engine. 

lnhlblterf! are designed to restrict or control 
the flame propagation on the propellant surface. 
The end ltilllblters are rnolded plastic components 
honc:lod directly to the end of the propellantgrair1. 
The external surface lnhibiter Is spirally wrapped 
ethyl cellulose tape bonded to the propellant 
surface. 

f'IOttLt Al'!ltTURE 

T,_,.I. 
TO lllCHJCE 

TU•tUL!ttCl 

-~- - --.. ---... 

St.ANTING THE COMSTRICTIOH 
ftl!:OVCES TUlt&Ul.ENCE 

. . .. 

' 53.186 
Figure 10- 2. - Features of rocket motor nozzle 

design (schematic), 

PROPELLAl\"T CHAHACTl::IUSTICS. - The 
burning In a solid propellant grain proceeds inwa.rd 
from all Ignited surfaces, at a rate determine<! 
by the pressure in the motor tube and the tempera­
ture of the grain, untll most of the propellant Is 
consumed. 

Propellant grains burn from about 0.15 bl 
l.S seconds, depending on their slr.e, temperature, 
burning arei1, and shape. Rate of burning varies 
directly with initial temperature of the grain, 
The final veloci~• attained by two rockets of the 
same type and lawtchedunderlhesameconditiens, 
except for different propellant temperatures al 
time of lgn!tlon, wtll be practically the same. 
However, a rocket lawiched at 100° F' will have 
attained Its peak velocity before the one 13.unched 
at 40° F. The difference in time required to reach 
peak velocity v.;n make a difference ot a few m!li 
deflection In the trajectories of the tv.'O rockets. 

Very high propellant temporatu1·cs cause suet 
a rap id rate of burning and high pressurethat the 
motor tube may r upture, Very low temperatures 
cause the grain to burn unevenly, so that spurts 
of gas called "chuffing" are emitted from It.• 
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--
110.143 

Figure 10- 3. - Propellant grain. 

nozzles or the grain disintegrate, emitting burnll'.g 
slivers of ba lllstite. When so fired , the rocket 
will travel only a s hort distance. 

The flrlng of some rockets Is lhnited to a 
relatlvoly narrow temperature range compared to 
that suitable for the firing of guns. The present 
upper limit for these rockets is about 165° F; 
the lower limit about - 65° F. 

Igniter 

The igniter which sets fire to the propellant 
grain (fig. 10-4), is located in the forward section 
0£ tile motor tube adjacent to the grain. It con­
sists of a small container of !Jlack powder, an 
electric Impuls e heats an elcctrloul flla1n1;:nt in the 
squib which Ignites Uie black powder. This igni tion 
provides Just sufficient energy to Ignite the pro­
pellant without producing undue stress on it. 

The Igniter is designed to give a response in 
minimum time with a squib current of 1 ampere 
or more althoughassmall ac·irrentas0. 2 ampere 
will set off the !Jlack powder after a short delay. 
The nominal resistance of the squib Is 1.0 ohm. 
Therefore, ignoring any line resistence, an emf 
(electromotive force) of 0.2 volt is sufficient to 
set off the oharge, and 0.75 voltgives satisfactor1 
performance. 

The firing impulse is transmitted to the igniter 
by either a contact di sk or a contact band. 

The contact disk (fig. 10- 5A), which Is used with 
tubular lawichers, provides the electrical contact 
for one of the two igniter leads. Theother igniter 
lead is grounded to the nozzle plate which is 
electrically cormected to the grounded volt<1oae 
source through the launcher. \Vnen the rocket is 
placed in the launcher, the contact disk is auto­
matically in contact with an elech·lca l terminal 
which transmits the firing hnpulse to the rocket. 

The cont.tel band (fig. 10-513) , on Ule forward 
end of the motor, is covered by a shielding band 
that must be left in place until just before the 
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\'/IRE 

SOUIB 

110.95 
Figure 10-4. - Igniter operation. 

contact band enters the lftuncher during loading. 
The shielding band seats in the motor-detent 
groove and covers the ignition contact band, 
thereby shorting out the ignition circuit and pro­
viding protection against radiofrequency (RF) 
energy. 

5'tabl!lzlng 1-'eatures 

A rocket wlU1 its cente r of gravity forw1u·d of 
L'1e no?.zle is inherently unstable. U'tbepropellant 
gas stream develops mmncntarlly an off-center 
thrust component, or if U1e rocket as a \mole is 
deflected momentarily by some such accidnctal 
cause as a gust of wind, the rocket ls likely to 
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CONTACT DISC 

CONTACT BAND 

110.144 
Figure 10- 5. - J>lectrical leads. 

A 

B 

veer or even tumble. To prevent these erl·atic 
movements, some form of stabilization must be 
applied. The classical 18th-century war rocket and 
its modern Fourth of July descendant used a 
stick protruding behind the rocket to stabilize it 
by tnoving its center of gravity aft. iVIodern war 
rockets are stabilized by fins. 

Fins provide rocket stability by the action of 
biting into the windstream, increasing the ae ro­
dynamic forces attherearoftherocketin relation 
to those at the nose, and causing the center of 
pressure to shift to the rear. Wilen a rocket 
yaws, the longitudinal axis of the rocket deviates 
from its flight path, and the pressure of wind 
upon the fins exerts a restoring moment which 
tends to keep the nose directed at the point of aim, 

Four or more fins symmetrically fixed at the 
rear of the rocketcon1prise the fL'ted-fin assembly. 
Fixed fins have the advantages of rigidity and ease 
of manuf<icturc, but when the size of a rocket 
is critical, fixed fins '1re a disadvant<ige. They 
extend the dian1eter of the round, thus lin1itingthe 
number which may be carried on a given launcher . 
At the present time, only rocket n1:itors used with 
guided missiles are stabi li zed with fixed fin 
assemblies. 

Foldil}g fins (fig. 10-6) a.r·e usually hinged in 
sttCh a maimer as to maint<Un the nomirn'1 dia­
meter when in the launcher. Use of folding fins 
increases the number of rounds that can be 

carried and the number which may be fired from 
a given frontal area. 

ROCKET \VARHEAD DESIGN 

Different tactical requirements demand spe­
cific types of rocket warheads to be used with 
airborne rockets. These warheads are broadly 
classified as high-explosive (HE), smoke, fl<ire, 
and practice. 

High-Explosive \V<ir heads 

High-explosive warheads contain some typeof 
HE 1n~terial surrounded by a metal case. \Vithin 
this catei.,>ary are several types of heads, each 
designed for specific types of targets. These 
wa1'heads may ile divided into the following types 
(fig. 10-7): 

l, !IE ant itank/ antipersonnel (HEAT I APE RS). 
z. HE frag-rnentation. 
3. HE general purpose (GP). 
4. HE ant itank (HE AT). 

ANTITANK/ANTIPERSONNEL \V.ARHEADS.-
The liEAT I APE RS warhead (fig. 10-?A) combines 
the effectiveness of the fragmentation and antitank 
warheads . 

The explosh'e charge in this type of warhead 
is detonated at its after encl to produce the jet 
from the cone at the forward end. Detonation by 
the booster usually is accomplished through trans­
rnittal of t1'ie explosive impulse by a length of 
detonating cord that co1mects the booster charge 
to the initiating ch<irgc, which is adjacent to the 
nose fuze. The combination of an instantaneous­
acting nose fuze and rapid-burning detonating 
cord perrn its detonation of the explosive load in 
time for the shaped charge to produce its explosive 
jet before being disintegrated by impact on the 
target. 

The warhead in figure 10-7 A is fuzed with a 
proxi mity fu;oe, 

Fni\GMENTATION \VARHEADS. - Fragmen­
tation warheads (fig. 10-7B) are effective against 
personnel and light material targets such as 
trucks, parked aircraft, etc. The warhead explo­
sive is detonated by either a point detonating or 
proximity fuze. Upon detonation, the case breaks 
up into a large quantity of n1.~tal fragments 
that spray the area at a high velocity and cause 
considerable damage. 

GENERAL PURPOSE \VARHEADS. - Thegen­
eral purpose (GP) warhe<id (fig. 10-70) is a 
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FIRING 
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l 
INITIAL STAG~~~~,,:.._, 

FIN OPENING 

FINAL FLIGHT 
POSITI ON 

110.96 
f'igure 10-6. - Phases of folding fin operation. 

compromise between the armor-piercing and the 
fragmentation designs. Its warhead hi1s a nose 
section Md walls not as strong as those of an 
armor-piercing warhead, yet stronger than those 
of a frag-mentation warhead. The explosive charge 
is less than that in the high-explosive ant itank 
warhead. 

The GP warhead is for use against a variety 
of taq,,>ets. Its maximum penetration may be ob­
ta\ned by using a solid nose plug and a delayed­
action base fuze. Jt.s maxin1un1 blast effect m~y 
be obtained by using an instantaneous-acting 
11ose fuze. 

ANTITANK \VARHEADS.-TheHEATwarhead 
(fig. 10-70), developed for use against tanks but 
equally effect! ve against other arinored or forti­
fied targets, en1ploys the shaped-charge principle 
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of explosives to produce a jet of high- velocity, 
high-ten1perature particles. 

The explosive jet \\ill penetrate heavy arm'Jr 
(or conc rete) but wi ll not produce an explosive 
blast. The jet wlll materially increase the tem­
perature behind the armor and, i n caseofa small 
enclosure such as the inside of a tank, its searing 
heat norn1ally will kill the occupants. 

&'m ?ke \Var heads 

Smoke warheads (fig. 10-8) are desig11ed to 
produce a volume of heavy s1n'Jke for target 
marking. The warhead contains a burster tube of 
explosive, usually composition B, wh ich bursts 
the warhead's walls , dispers ing the smoke. The 
warheads a.re clesig11ated SilIOKE, followed by the 
abbreviation for the s1noke producing agent it 
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Figure 10-7. - High explosive rocket warhead: /\. /\nt itank/ antipersonnel. 13. Fragmentation. 
C. Gene ral purpose. D. Antitank. 

contains; for example, \'iP for white phosphorus 
or P\VP for pl<lsticized white phosphorus. 

Flare \V<lrheads 

Flare warheads (fig. 10-9), desi&>ned to provide 
illumination for tactical operations, consist basi­
cally of a delay acttoil fuze, ilhtminating candle, 
and parachute asseml>ly. Approximately 15 sec­
onds after the rocket is fired fron1 the launching 
aircraft, the fuze simultaneously ignites the 
expelling charge and ignition composition. The 
expelling charge generates gas pressure sufficient 
to separate the outer case from the aluinimun 

base and to shoot it forward, leaving the two 
ilmer cases containing the candle and parachute 
asse1nbly unsupported so that the windstream 
forces them away from the base. As the rocket 
continues in its flight, it exerts a pull on an after 
cable assembly which strips off the deployment 
bag, allowing the pa.rachute to open and suspend 
the burning candle. 

Practice \Varheads 

Pract ice warheads (fig. 10-10) are either 
dumtny or inert-loaded serv;ce warheads in which 
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110.145 
Figure 10-8. - Smoke warhead. 

tl1e weight and placement of an inert filler (such 
as sand) gives tlie practice warhead the sama 
hallistic characteristics as those of the explosive­
lou.dcd service w~rhead. i\ steel nose plug is 
assetnbled in the practice heads in place of the 
nose fuze. Inert loaded he«ds do not r equire fuze 
cavity liners, although some do have then1. 

ROCKF.T J.'UZES 

Rocket fuzes are classified primarily accord­
ing to their location in the warhead: nose fuze 
or base fuze. They mu.y be fur ther classified by 

MECHANICAL 
T IME FUSE 

IL LlJMINAT ING 
COMPOSITION 

.1..---- SHROUD 
L INES 

110.146 
Figure 10- 9. - Flare warhead. 

inode of operation, such as ilnpactfiring, mechani­
cal ti1ne, or proxiniity. 

Impact firing fuzes al·e those that function 
when the rocket strikes a target Uiat offers 
sufficient res istance to cause c r:ushing or other 
disarrangement of actuating parts. These fuzes 
may be located in the nose Of the warhead, in 
which case they are called point detonat ing fures 
(PDf'l , or located in the ba.se of the warhead and 
called base detonating fuzes (BDF). Nose and 
base fuzes are designed to function eithel' instan­
taneously or after a short deh.y that affords the 

353 



PRINCIPLES Of Ni\ Vi\L ORDNANCE AND GUNNERY 

110.147 
Fig\lre 10-10. -Typical practice warhead. 

warhead time to penetrate the target before 
ftmctioning. i\ typical nose point detonating fu ze 
is illustrated i n figure 10-11. 

One n1echanical time fur.e is now a'1ailablcfor 
rocket applicuJion. It is designed to sense acceler­
ation, and after a set distance to start IL non­
settable m~chanical tim~n-. At the end of a set 
elapsed time the fuze initiates the firing train. 

Proximity (VT) fuzes are those wherein initia­
tion occ:urs by sensing- usually by electronic 
means -the presence, distance, and/or direction 
of the target. 

Jn gener.1l , fuze}J. C<>11tait1 cleviccs to p1·e"·ent 
detonation due to norm1l transporting, handling, 
assen1bling, and launching of the complete rocket. 
The fuzc also is detonator-safe. This means that 
the explosive train of the ft1ze is interrupted 
so that, if the detonator is preu11turely in it iate.cl 
while the fuze is unarmed, the booster ofll1e fuze 
and the explosive filler of the warhead wi ll not 
be detonated. 
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In so1ne fuzes, the detonator-safe r<.'(ruircmeut 
is accomplished by keeping the detonator out of 
line with the lJooster when the fuze is in an 
unarn1ed posit ion. In other fuzes, U1e flash from 
the detonator is blocked. Arming of a fure is 
accomplished by aligning the detonator and boos­
ter or opening of the flash patl1. 

AlRBOHNE HOCKETS 

Airborne rockets, consisti ng of fuzes, war­
heads , and m'.)to1•s, are combined and assembled 
in various configurations to n1cct specif ic tactical 
requircin ents. For exrunple, a rocket assembly 
consist ing of a fragmentation warhead armed with 
a proximity fuze would be enti rely unsuitable for 
use against an armored t<i.nk or \Junker. Likewise, 
ll1e HEAT warhead fuzed "ith the base fure would 
be relatively ineffect ive against personnel or 
unarmored targets . \Vil!) each speci fic type of 
ta rget, the rigi)t com\)ination of warhead, fuze, 
and m '.)tor can be assen1bled frotn the \\1de 
va1•iety of available con1poncnts. 

Aircraft rockets are used prim~rily as for­
ward firing weapons, which supple1nent or take Ute 
place of forward-firing guns. The virtual absence 
of recoil in launching ai re raft rockets inakes 
possible the use of lightweight gear for such 
h«mching, and introduces no stresses inilnical to 
U1e plane 's structures. A modern rocket -fil'ing 
plane al'n1ed \vith 5.0-inch rockets can deliver 
one salvo comparable to that of a destroyer. 
In making such a comparison, however, it m·lsl 
be reinembered u,,1t the ships ciu1 keep on firing, 
whereas the planes in·lst return to base after 
delivering their payloads. Generally speaking, 
r'Ockets provide superior firepower with minimum 
added weight. The payload of a rocket is less 
than that of a comparable lx>1nb, but fue rocket 
presents ,1dvantages related to accuracy of fire 
and greater penetr ation. 

2. 75-ln<:h Folding Fin 
Airbor ne Hocket (FFAR) 

The 2.·75-inch FFAR (fig. 10-12) has proven 
to be an effective weapon against targets such 
as !ocom0tives , convoys, l>uildings and bunkers, 
\Vith the use of the Mk 5 li1'AT warhead, the 
rocket has also de1nonstrated considerable de· 
str uct ivc capabilities against tanks and other ar· 
inored veh icles , 

The 2.75- inch FFi\R is designed to be fired 
in large nutnbc rs to produce a shot{>,tm type pattern. 
Thus, it is carried and launch eel from packages 
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Fii.,>ttre 10-11.- Typical point detonating fuze. 

(pods) containing 7 or 19 rounds. (These are 
described later in this chapter.) 

5.00-Inch High-Velocity 
Airborne Rocket (HVAI\) 

The HVt\R ox· Zuni (fig. 10-13) is a 5,00-inch, 
folding fin, high velocity, solid-propellant rocket 
designed for use by fighter and attack aircraft 
against ground taq,>ets. 

Like the FF AR, the Zuni nlay be assen1bled 
in various warhead and fuze combinations. In 
addition to those coml)inations authorized for the 
2. 75-inch, the Zuni may be a.-ssembled in variations 
such as the proximity/fragmentation fuze war­
head combination, or in the mechanical time/ 
Dare fuze and warhead combination. 

Rocket Launchers 

Airborne rocket launcher packages are alumi­
num cylinders containing horizontally nested 
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tubes , and are used exclusively with folding-fin 
aircraft rockets. The design pern1its multiple 
loading and launching of the 2.75- inch FFAR and 
the 5.00-inch !!VAR. Aircraft rocket launcher 
packages provide a means by which rocket 
motors (and, in some cases, co1npletely assembled 
rounds) m\l.y use the same containers from ni:,mu­
facture to firing. 

Frangible paper fairings are used in conjunc­
tion with launcher packages. These fair ings are 
attached to both ends of the launcher prior to 
flight to provide low-drag aerodynamic character­
istics. During firing, the fairings are disinte­
grated by rocket blast and by the forward m:>ve­
ment of the rockets. 

In most cases, launcher packages are jetti -
saned after firing, at the pilot's discretion. 

2.75-INCH ROCKF.T L1\UNCHEI\ PACK­
AGES. -The 2. 75- inch launcher packages differ 
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110,98.1 
Figttre 10-12. -2,75-inch FFAR. 

in capacity , firing capability, ancl physical di­
mensions. Those in current use contain either 7 
or 19 con1plete rocket assemblies. 

Launchers are s hipped with all components 
assembled, To ready launchers for flight requires 
only removing shipping hardware and installing 
the f;1i rings. 

The airborne configuration (fig. 10-14) con­
sists bas ically of three sections -the forward 
fairing, the center section, ancl the after fairi ng, 

The fairings fit flus h with the outside s urface 
of the center· section to form an aerodyna1nically 
smooth joint. The forward fairing consists of 
a one-piece impregnated mJlded fiber section 
with an attached matal Jocking band. The center 
section contains the Sttspension syste1n, all elec­
trical circuits, launching tubes with detents, 
rockets, and the intervalo1neter, The aft fairing is 
a one-piece unit asse1nbly similar to the forward 
fairing but constructed differently because of the 
function it performs. The rocket blast shatters 
the nose port ion, wh ile the base section remains 
on the launche r and 1wts as a choke or funnel 
to direct debris away from the aircraft, 

When the firing switch in the aircraft is closed, 
electrical power is applied to the system as 
shown in figure 10-15, Also s hown is the fir ing 
order of the rockets as they leave the launcher, 
The fi ring sequence is lA, l D, ZA, 2B, etc, 
Rocket numl.ler 10 is fired las t. The fi 1•ing switch 

must be c losed for at least one-sixth of a second 
or a failure to fire m~y result. 

The heart of the rocket launcher is a shunt­
fuzed intervalometer. Electrical power required 
to operate the intervalomoter and ignition system 
is supplied to the intervalometer by the aircraft's 
28-volt d-c armament circuit, The wiring of the 
intervalo1n eter converts the firing pulse into 
ripple- fir ing with a 10-millisecond delay interval 
between each firing pulse. 

5.00 -INCI! ROCKET LAU:-<CHER PACK­
AGES, -The Zuni rocket launcher package (fig. 
10-16) is a reusable dual- pu11>ose pod which 
houses four 5.00-inch m:>tors from the time of 
manufacture until assembled with warheads and 
fired at the target, 

The flight configuration consists of a launcher 
center section, with tl1e shock pan, cover, and 
lockring assemblies removed, containing four 
assen1bled Zuni rockets and a fr'1ngible fairing 
installed and securely locked in place on each 
end, 

The launcher center section contains the four 
launching tubes, electrical ignition system, sus­
pens ion lugs, and a sear type detent latch. 

Electrical power for the rocket ignition system 
is s upplied to the launcher by the 28-volt d-c 
armament circuit of the aircraft. Electrical 
connection between the aircraft and the launcher 

110,100,1 
Figure lU-1~. - 5,00-inch Zuni, 
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110. 1•19 
Figure 10- 14. -Typical 2.75-inch launcher package (airborne and shipping configuration). 

Is made th rough either of two paralleled re­
ceptacle assemblies, located in the vicinity of 
Ute launcher center section lugs. As a safety 
requirement, both receptacles ar c fi tted with 
shorting plugs and dust caps . A selector switch 
Is located In the afte r bulkhead of the launcher 
for preflight selection or either ripple- or single­
firing of the rockets. A rotary relay type inter­
vulometer lcx;ated in the forwa.rd bulkhead distri­
butes the firing pulse to the individual rocket-s 
and is designed for a 50-millisccond time-delay 
interval Electrical connection to the rocket motor 
is completed In each tube through contact posts 

on the detent latch to a contact band on the 
rocket motor. 

Rocket Safety Pi·ecautions 

The airborne rocket is no more dr1ngerous 
than any other explosive weapon, but it does have 
certain peculiar hazards. A c-0mpletely assembled 
rocket, if accidentally fired, will take off under 
its own power In the di rection in which it is 
pointed, with threat of damage to anything in its 
path. When fired , an assembled rocket expels 
a blast of burning gas capable of injuring or 

3--;;r' 
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Figure 10-15. - Hocket launcher firing circuit, 

s implified schematic. 

killing anyone it s trikes because of concus s ion 
or burns. 

The following hazards exist in dealing \vi th 
aircraft rockets : 

1. Inadvertent electrical contacts which m3y 
set off the rocket. 

2. Excessive temperatures or pressures 
whkh may cause the nlotor to explode in a 
ground fire or in the air when fi red. 

3. Continued exposure to abnormal stowage 
temperatu res which may cause the propellant 
to dctcrior11te, with attendant hazards or possible 
cxplos Ion when the rocket is fired. 

4.. Rough handling or blows ""' ich m 3y break 
the propellant grain, thus exposing too much 
surface to burning and leading to possible ex­
cessive pressures in the motor when fired. 

Generally. a rocket moto r without a head 
attached Is unlikely to explode. It does present a 
potent fire hazard since bul!lstltc or SPCG 
igni te:; eas!Jy and burns readily. lllgh-explosive 
beads , either fuzed or unfuzed , present the same 
risk as do gun projectiles under the same 
conditions. Rocket, whether completely assembled 
or disassembled, must be bandied with extreme 
care to a\'<>ld dam ~ge to parts. 

Rocket m:itors should be stowed in tlie same 
manner as smokeless powder. ~'latches and open 
flames m:rst never be allowed in the stowage 
area. Smoking should not be permitted in the 
loading. urea wHhin 200 feel o( any ammunition. 

Rocket motors are not to be fired when the 
propellant 's temperature is outside the safe­
Hring temperature limits specified on the motor 
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tube. If the motor has been exposed for more than 
1 hour to temperatures outside these limits, 
the motor Is to be m'lintained within the safe· 
temperature limits for 6 hours before firing. 

Rocket motors must not be stowed in !he same 
compartments with or near apparatus or antenna 
leads , due to the possibility of induced currents 
igniting the motor. 

High-cxplosi,,e heads and fuzes (except base 
fuzes which ure permanently Installed in the head) 
must be stowed separately from each other, in 
the same m'lnner as high-e:x1llosive projectiles. 

Rocket Cures shipped in sealed containers are 
to remain in the sealed cans during stowage. As 
a rule, noze fu?.es are stowed In a ship's bomb 
fuze maga?.ine, or under conditions specified by 
the Naval Ordnance Systems Command. Cans 
should tJc placed upright in assigned magazines 
and secured flrrnly. 

Fuzcs are relatively scnsitlve and nl'1st be 
handled with care to avoid extreme shocks which 
might cause dumage. Operations such as fuzlng, 
unfuzing, assembly, or disassembly of all types 
of ammunition should be carried on at a dis­
tance from other explosives and from vital 
installations. Only the minimum number of per­
sons and rounds required sbould be in the vicinity. 
The ideal situat ion would be to 1iermit work on 
only one round at a t ime, on a tleck or at some 
0U1er location rern-:>te from a ll magazines, ready 
stowage, explos ive supplies , or vital installations. 

Examination of the exterior of some fuzes 
docs not Indicate whether they are armed. If 
for any reason it is thought a fuze m\ght be 
armed, it should be treated as an armed and 
sensitive fuzc. J\o attempt should be made to 
rem'.>ve it from the rocket head. The complete 
fuzed round should be disposed of by gently 
lowering It tailfirst into deep water. If available, 
ex-plosive ordnance disposal personnel should 
dispose of such rounds. 

Dis11ssembly of rocket fu zes is not permitted 
except as author ized by the Naval Ordnance Sys­
tems Command. 

AIRCR.\FT BOMBS 

i\ircra!t bombs are weapons designed to be 
dl·opped upon enemy targets to reduce and neutral­
ize their war potent ial by destructive explosion, 
fi r e, or nuclear r eact ion. They ure used stra­
tegically to destroy installations , axmament, and 
personnel, and tactically to provide direct support 
of our land and sea forces engaged in offensh-e 
or defensive operations. Bombs 11re procured 
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110.100.2 
Figure 10- 16. -Zuni (LAU-lOA/ A) rocket launcher. 

both by the ::<u.vy and the Air Force, ancl arc used 
in common lly the two services. 

This chapter does not take up nuclear bombs. 
These weapons are discussed in the second volume 
of this series. 

A bomb usually consist s of a body, stabili7.er, 
and means of detonation. The body can be filled 
with either an explosive , chemical , nuclear, or 
inert filler. St abilizers attached to the after end 
of the bomb bo(ly consis t of sheet mlltal fabri­
cations. 

The efficient destruction of various types of 
enemy targets requires different types of bombs; 
these are generally classified according to thei r 
filler I.e., high explosive, chemical, na1>alm, 
inert, etc. 

EXPLOSIVF. AND OTHEH CONTE NTS 
OJ' BOMBS 

A funclamontal characteristic required of the 
explosive charge of a bomb is rolatlvc insensi­
tivity to ordinary shock and beat Incident to 

loading , trans port ing, handling, and storing. This 
insensitivity permits: 

1. Adequate safety for the using personnel 
{when the ex"J)losives are bandied properly). 

2. ~I axlmum target damai,-e by conh"<>l of the 
bomb's detonatlo!'~ 

3. Jettisoning bombs from ai rcraft without 
exploding, in emergency. 

It ls evident that these r equirements, as with 
gun projectiles and other explosive devices, m'1ke 
it necessary to use an exp los ive lrain in <\ircraft 
bombs. In m~st bombs, the train begins with a 
detonator containing a small amount of very sen­
sitive explosive. {The detonator Is part of the 
bomb's fuzc.) The detonator sets of[ a rather 
less sensitive booster; in turn the booster ex­
plodes Ule m1in charge. 

In addition to the different types of explosives 
required In the individual components of the 
explosive trai n of any s ingle \Jomb, the inain 
charge or any bomb is made up of different 
explosives, depending on the pu11iose of the bomb. 
High ex-ploslvcs used in presenl lypes of bombs 
include TNT, Tri tonal, HBX, and H- 6. Chemical 
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agents are chlcfly blister gas es (vesicants) s uch 
as mustard , choking gases such as phosgene (CGJ, 
and the blood and nerve gases, hydrocyanic acid 
(AC). Fire bombs use a mixtureofnapalmpowder 
and aviation fuel . Practice bombs may be filled 
with either sand, water, or plaster. 

BO:Mll CONFIGURATION 

Aircraft bombs used during \l/orld \Var II and 
shortly thei·euft.er were designed primarily to 
provide ijpttce for as much bursting charge or 
other pttyloacl as possible without compromising 
simplicity of manufacture or satisfactory s treain­
lining. This appl'OaCh resulted in a gratifyingly 
efficient containe r whose s ilhouette was short, 
cotnpact, and stubby (as can be seen in fi1,>"Ure 
10-17), economical of bomb bay space, and aero­
dynamically effic ient enough to make the bomb 
ballistically reliable (I.e . , when released from an 
aircr aft under a given set of conditions , it could 
be depended upon always to land in the same 
locality) . 

For subsonic aircraft, this constituted satis­
factory performance. But when the speed of 
bombardment aircraft exceeded that of sound, the 
hitherto satisfactory bomb shape was found to be 
poorly adapted to the new conditions either when 
the bomb was slung under the ai rcraft's wi ng 
or fuselage , or when it was released. Not only 
was the bomb now a s er ious detractor fron1 air­
c raft performance (if carried outside the fuse­
lage), !Jut it could no longer be dropped as 
accurately. Besides, the mechanical arn1ing wire 
arrangement used to control bomb fuze ar ming 
was apt to tear loose or foul the bomb or parts 
of the aircraft, causing the bombeither tobecome 
a dud or toarmprematurelyandbecome a menace 
to the aircraft carrying it. 

It then became necessary to redesign the air­
craft bomb so that it would be satisfactorlly 
streamlined at sonic and supersonic speeds , and 
so that its fuze 's arming could be reliably control­
led without danger of its vitalparts beingdamaged 
by bi1,,>il air speeds . Tosolvethefirstproblem, the 
bomb's exte r ior Shape was altered to give it 
minimum drag ut high speed. To solve the second, 
an internal electrical fu<e cont rol system was 
substituted for the conventional mechanical sys­
tem. 

figure 10-17 compares the s ilhouette of a 
1,000-J>Q\md conventionally- shaped bomb (on the 
right) with that of a low-drag bomb of the same 
weight (on the loft). The flat ior ward end on the 
low-drag bomb indicates that it is set up for a 
mechanical fu1.e arrangement. A low-drag bomb 

f!!T 

3.119 
Figure 10- 17. - Silhouettes Of a low-drag bomb 

(left) and a conventional bomb (right). 

set up ror electric fuzing has a smoothly stream­
lined nose that comes to a point. 

13()}!8 CO~!PONENT 1\0:\iENCL/\TUR~ 

A CO:\iPLETE ROUND denotes a llomb wltll all 
!ts com!'.>onents as it is s uspended from tile rack 
or shackle of the airc raft r eady !or flight. 
some of the m~jor components of bombs are listed 
l>elow and Illustrated in figure 10-18. 

BOM l3 !30 DY. The bomb body ls the con­
tainer that ho Ids the filler. 

FIN ASSEMBLY. The fin assembly is the 
flight stabilizer of the bomb and usually ls made 
of Sheet metal. In newe r types of bombs, a 
conical fin assem':>ly l>ith better aerodynamic 
properties ls used. 
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Figure 10-18. - Typical aircraft bomb, cutaway view. 

FUZE. Fuzes initiate bomb detonation. They 
contain sensitive explosives and should be handled 
carefully. 

AHMING WIRE ASSEt>l llL y. This consists of 
either a single or double wire altached to a 
swivel loop, and is used to keep the fuzes 
safe prior to re lease of the bomb from the air ­
craft. 

SUSPENSION LUGS. Suspension lugs are 
screwed into the bomb body either 14 or 30 
inches apart, depending upon the sl ze of U1e bomb. 

HOlSflNG LUGS. These lugs are screwed 
into the bomb body usually between the suspension 
lugs, and are used to handle and hoist the bomb. 

FILLER. The type of filler depends upon the 
prospective use of the bomb. The filler charge in 
high-explosive lx>tn bs is usually cast (melted) 
loaded with the explosive materlo.I mentioned 
earlier. 

ADAPTER BOOSTERS. Adapter boosters are 
explosive loaded bushings threaded on the outside 
for Insertion into the bomb body, and threaded 
on the inside to receive the fuze. Current general 
purposo bombs require adapter boosters in the 
nose and tan when using mechanical fuzes. 

CH,\HG!NG TUBES. Charging tubes are con­
duits placed Inside the lx>mb lJcforc the explosive 
charge Is loaded. These tubes contain the cir­
cuitry which connects the electrical fuzes to the 
aircraft charging gear. 

~L'\RKlKG AND IDENTIFICAT!Ol\ 

Bombs and bomb components are complct.cly 
identified by standard nomenclature and ammuni­
tion lot numbers stamped on all packings as 
well as on the item itself. Items of Navy designs 
are designated by the word Mark or its abbre­
\'iation (Mk) followed by a numeral. Modifications 
of tl1e original design are indicated by the term 
" Mod" and fol!owed by a numeral. 

Items of Army or Air Force design consist 
of the letter t1M t1 followed by a numeral. Modi­
fications to the original design are indicated 
by the letter "A t1 and the appropriate numeral 
added to the model designation. 

Certain items have been standardized for 
use by all services. The model designation of 
such an Item is prefixed b)' the letters "AN". 

The designations Tl , T2, etc., indicate a devel­
opmental item. 'While in the development stage, 
and when a major change is incorporated, the 
item wl!! take a designation such as TlEl or 
Tl E2. Such a designation indicates a change 
affecting military characteristics or installation. 

Born bs are painted in various color schemes 
as a ready means of identification. Color bands, 
depending upon their color, si;.e, and location, 
indicate the type of bom\J and the type of ex­
plosive filler used. Identification markings and 
the bomb's color provide furthe1· identification of 
it. Tile co lor coding system for bombs is de­
scribed in the sections concerning each type of 
bomb. 
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CLASSIFICATION 01' lJO)JUS 

Aircraft bombs are classified according to 
fi lier as follows: 

1. liigh explosive. 
Z. Fire, 
3. Che mi cal (gas) . 
4, Free-falling tnissiles. 
5. Practice. 

High-Explosive Bombs 

Ili1,>h -explosive bombs are used for the de­
struct ive effec t caused by blast, fragments, and 
,.,,cuum pressures c reated by above-surface ex­
plosions , and the m ining effect, or earth shock 
resulting from their detonation. 

High-explosive oombs are divided into three 
inaln groups as follows: 

1. Gener al purpose. 
2. Depth. 
3. Fragmentation clusters and cluster boinb 

units (CRU) . 

General purpose bombs have slender bodies 
with long, pointed noses. These bombs were pri­
marily designed for exter nal cai•ringe and electric 
fuzing. However, they still i·et!li n the mechanical 
fuzing capability. An electr le fuze may be instnl led 
either in the nose or tail fuze cavity. When a 
proximity function is r equired, a sensingelcin ent 
is insta lled in the nose cavity wh ich provides 
an electrical s ignal to Initiate U1e tail fuze. 
GP bombs are equipped with a steel nose plug 
which is removed when installi ng a nose fuze or 
a sensing elem'.:!nt. \\111en only a tail fuze ls 
inst,illed , the nose plug is left in place. A base 
fuz,e hole shipping plug in tho rear of the bomb 
is r emoved when an electric fuze is inst<illed in 
that position. 

The loading factor (1•atio of explosive weii.,>ht to 
total l.Jon1b weight) of the general purpos e bomb 
va r ies frotn 40 to 60 pe rcent. The explosive filler 
is either Tri tonal or H-6, and is identified by 
yellow stenciling and a yellow band around the 
bomb's body. The bomb's body Is olive d rab, A 
typical general purpose bomlJ ls illust rated in 
figure 10- 18. Table 10- 1 lists the various t.ypes 
and particulars of the current general purpos e 
hon1bs. 

General -purpose bombs may be iitted with a 
special type of fin assem'>ly (fig. 10-19) which 
Is designed to provide the attacking aircraft with 
a low- level, high- speed bombing capability without 

the nortnal associated hazards of ricocheting 
bombs or blast fragm·~nts. 

The Snakcyc fin a.ssemhly in figure 10- 19 
presents a low drag configurat ion in the closed 
posit ion. In this position, the bomb performs in 
the normll free-falling tn:tnner. In the open 
posit ion, howe1•cr, four paddle-like fins are r e­
leased and deployed into the airstream, thus 
slowing and stallili zing the bomb during descent. 

The ai r craft depth bomb, designed for attacking 
submarines or underwater targets, was widely 
us ed du ring \Vorld \Var II. In the past they have 
r anged in size from 325 pounds to 700 pounds; 
the only one used at present is the AN-i\1k 54 
M)d l (fig. 10- 20) , weighing approxilnately 350 
pounds and loaded with HBX-1. 

Depth bombs have a loading factor of about 70 
percent and are armed either for im?act or for 
underwater explosion at a preset depth. The 
setting range is from 25 to 125 feet. 

The desired effect oi it depth bomlJ is to create 
a pressure wave against underwatertargets great 
enough to crush the hull plates of the t arget. 

Depth bombs are painted olive drab with 
yellow nose and tail !lands. 

Cluster bornb units andfragmentationclusters 
are some of the Navy 's more recentdevelopn1ents. 
These units and clusters contain various nun1bers 
of sn1~ll explosive bomlJlets that are dispersed 
over a wide area lly rain - air action or by the 
opening of ft container by m.~chanical tim~ fuze 
action. These bomblets are highly effective against 
troops, convoys, and other lightly armored tar­
gets. Due to their security classification, only 
limited information is available. 

Fire Bombs 

Fire bo1nbs (fig. 10-21) are thinskinned con­
tainers of gasoline gel designed for use against 
dug-in troops, supply inst,1ll ations, wooden struc­
tures. and land convoys, Fire bombs rupture 
upon impact and the burning mixture sp reads and 
covers the s urrounding area. The chief use of 
the fil'e born I> is for low-level, high-speed attacks. 

Che1nical (Gas) Bombs 

Chemical (gas) bombs resemble GP bombs in 
shape and size. The bOdy of the chemical bomb 
ser ves as the filling's container and support for 
the con1ponents. These bombs have a full-length 
burster charge which splits the bomb case and 
disperses the FILLI:\G over the area to be 
contaminated. Chemical bombs are fuzed to ex­
plode instantaneously upon contact, or to p1'0vide 
an aerial burst. 
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\Veight class (pounds) 

Assembles weight (pounds) 

Filler weight (pounds) 

Assembled length (inches) 

Diameter (inches) 

Suspension (inches) 

*H-6 
**Tri tional 
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110.103 
Figure 10- 19. - Snakeye. 

'l'able 10-1. -General Purpose Bombs 

lvlk 81 l\Ik 82 Mk 83 ~{k 84 

250 500 1,000 2,000 

260 531 985 1,970 

100 192 445 945 

74,l 86.9 118.4 151,5 

9.0 10.75 14 18 

14 14 14 30 
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. Q 

110.152 
Figure 10-20. - Aircr aft depth bomb, 

FIJZE IGNITER 

WELDED BODY SECTION 

FUZE IGNITER 

110.153 
Figure 10- 21. - Typical fire bomb, 
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Chemical bombs are painted gray, and have 
green or red colored bands to distinguish the1n 
from other types of bombs. ;\!so, the wcig'ht, 
type filling, m<>del, and lot nuinber are stenciled 
or stam'.>ed on the bomb bocly. 

Free- Falling Missiles 

Free-falling missiles are inert bo1nblets 
launched from a cluster container. \Vnen released 
from the aircraft, the container is opened by 
mechanical time· fuze action, and the bom\llets 
are spreacl over •\ large area. The container holds 
approxim,1tely 10 ,000 Lazy Dog missiles which 
are extremely effective against troops and other 
lightly armored targets. 

The cluster case is olive drab with black 
identifying stencils. 

Practice Bombs 

Practice bombs, as the name indicates , are 
used to simulate the ballistic properties of service 
type bo1nbs for target practice. The general fypes 
are subcaliber practice bombs, with cast-n1ctal 
or steel bodies; full-scale practice bombs, made 
of sheet metal and filled with water or wet 
sand; and nuclear weapons practice bombs. 

Practice bombs are used for the training of 
bo1nbing crews in marksmanship. These bo1nbs 
may use s ignals which produce a puff of smoke, 
making it possible to spot the impact location of 
the bomb. The use of practice bombs instead of 
live bo1nbs inakes it possible to train crews 
more economically and safely than would be the 
case with service type bombs. 

BOMB FUZES 

A bomb fuze is analogous to a gun projectile 
fuze. lt is a device used to cause the bomb to ex­
plode at the time ond under the circumstances 
desi1·ed, and to prevent the bo1nb's explosion at 
other ti1nes. This is accomplished by the use of 
sensitive explosive elements and the required 
mechanical or electrical devices. 

To aclrieve different fypes of control for 
different types and sizes of bombs, in any varieties 
of fuzes 1ire required. 

Normally, fuzes are in a safe or unarnF~d 
condition to ensure that they do not detonate 
prematurely. In an unarmed condition, a fuze 
cannot cause the bomb to ex-plode. A fuze is 
ready to detonate the bomb whe11 all parts are 
set so that the fuze can operate. This is the 
armed condition, which is usually obtained by 

tile ejection of an arming pin, the rotation of an 
arming vane, the closing of a circuit, etc. 

In order for the reader to better understand 
the basic operating principles of fuzes, it is 
necessary to discuss some of the more common 
tern1inology associated with fuzes. These term:> 
Include the following: 

1. Arming time-the amount of time or vane 
revolutions needed for the firing train to be 
aligned after the bomb is released, or from time 
of release until the bo1nb is fully armed, 

2. Functioning tilne-the t ime requlred for the 
fuze to detonate after im;>act or after a preset 
tilna. Functioning time can be (a) instantaneous 
(functioning time 0.0003 second or less), (b) non­
delay (functioning time 0.0003 to 0.0005 second), 
or (c) delay (functioning time 0.0005 second or 
longer, up to a maxi1u-1n1 tim0 for current fuzes 
of 33 hours). 

3. Safe air travel (SAT) - the distance along 
the tra.icctory that a bo1nb travels in the unarmed 
condition. 

4. Proxi1nity (VT)-the action that causes the 
fuze to detonate liefore impact when any sub­
stantial object is detected by the fuze at a 
predetermined distance from the fuze. 

5. Carrier or detonator safe - a safely feature 
incorporated in fuzes to insure that arming will 
not occur in relatively short dist;1nce; i.e., the 
length of a carrier flight deck. 

In general, fuzes may be divided into two main 
classes - n1echanical and electrical. These are 
arbitrary classes only and refer to the primary 
operating principles. Each of these classes may 
be further divided into the methods by which 
functioning is initiated. For example, mechanical 
fuzes n1ay be initiated by impact, mechanical 
timers, and hydrostatic pressure; while electric 
fuzes are limited to impact and proximity action. 

Mechanical Fuzes 

In terms of modern ordnance, mechanical:fuzes 
are the oldest <u1d most widely used. A inzchanical 
fuz.e in its simplest form is like a hammer and 
primer used to fire a rifle or pistol. A mechanical 
force (in1pact , spring tension, or water pressure) 
drives a striker into a sensitive detonator. The 
detonator in turn ignites a train of succeedingly 
insensit ive explosives, and eventually fires the 
inain or filler charge. 
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IMPACT FUZES. - As previously rnentioned, 
impact fur.es ''re caused to function by the bomb 
impacting with the target. The functioning nuiy 
be instantaneous or delayed, wher eby the bomb 
will not explode unti l a definite per iod of t ime has 
elapsed. These de lays are often desi r able in 
nlaking the bombrn'.lreeffective. This is important 
if penetration of the target is desired before 
detonation. This delaying action is incorporated 
into mechanical in1pact .fuzcs by placing a delay 
element into the firing train, The de lay elem3nt 
is us ually a t ightly packed mixtur e of black 
powder and clay. The <lmount of delay is deter­
mi ned by the r<ltio of the mixture. 

Ml::CH ANICAL TIME FUZES. - Mechanical 
tirne fuzes contain clock mechanisms to control 
the desired functioning. Cur rently, the r e ar e 
two types in use - one designed primarily fo r 
airburst and the other for long delayed action 
after impact. T he type des igned for airburst 
commences the delay after a definite am'.lunt of 
air tr<lvel or arming vane revolut ions. This 
delay t ime is adjustable from 4 to 92 seconds. 
The long delay action fuzc requires impact to 
start the c lock mechanis m and is adjustable 
from 30 minutes to 33 hours. 

HYDROSTATIC FUZES. - Hydrosta t ic fuzes 
" re wat.er pressure activated fuzcs used in depth 
bombs or gene ra l purpose bombs against s ub­
rne 1·ged ta1·gets. \\rater, enterir1g ports in the fuze 
body, acts against a bellows system which r e­
leases a sp.ring-loaded firing mechanis m. The 
fuze may be set to function fr<>n1 25 feet to 125 
feet below the s urface. 

Electrical F\tzes 

Electrical fuzes have manyofthecha.racter is­
tics of mechanical fu zes, but differ n1ainly in 
that an electrical in1pulse is used to initiate 
the fuze instead of the mechanical action of 
arming vane rotat ion. As the bomb is released , 
an electrical pulse from the delivery aircraft 
charges a series of capacitors in the fuze. 
Polarity, frequency , and magnitude of these pulses 
dete1·mines the va1·ious ar1ni11g a11cl ftt11ctioning 
times. ·when electrical fuzes are us ed in con­
junction with proximity sensing devices, the 
firing pulse is furnished by the circuitry in the 
sensing device. 

Special Saf ety Features 

To provide safe, effective oper ation, any fuze­
whether mechanical or electrical - should provide 
the fo llowing safety featur es: 

1. It n1ust remain safe during stowage and 
w'nile handling in the normal loading and off­
loading procedures. 

2. It nt ust remain safe while being carried 
aboard the aircraft. 

3. It m•ist remain sflfe until the bom\J is 
released and is well c lear of the delivery aircraft. 

4. Depending upon the type of target , the fuze 
may be requi red to delay the detonation of the 
bomb after impact fo r a preset time (funct ioning 
deliiy). 

5. It should not detonate the bomb if it is 
accidentally released or if the bom 'J is jettisoned 
in the safe condit ion, 

To provide these qualities , a numberofdesign 
features are used, 1n'.>st of which are comm'.ln to 
all types of fuzes. The inost important features 
are detonator s afe, shear safe, and delay arining. 

Fuzes that are detonator safe do not have 
the elements of their firing tr ain in proper 
l>Osition for firing unt il the fuze becomes fully 
armed, The elements remain firmly fixed and 
out of ali nem~nt in the fuze body while the fuze 
is unar med. This increases safety during ship­
ping, stowing, 1u1d handlingof thefure. The arming 
action of the fuze alincs the firing train. 

A shear safe fuze wi ll not become armed if 
its arming mech;mism is damaged or completely 
severed from the fuze body. The arming mecha­
nism of a fuze protrudes the farthest fron1 the 
bo1nb, and might be severed fr om tho fuze body 
if the bomb were accidentally dropped, Shear safe 
fuzes afford additional security for cax1·ier opera­
t ions and for externally niounted bombs. 

Delay arming mechanically slows the arming 
of the fuze. It keeps a fuze in the safe conditi.on 
until the bomb has fallen a sufficient distance 
away fr on1 the aircraft, thus minim\zingthe effects 
of a premature explosion. Delay arming helps to 
make carrier operations safe because a bomb 
accidentally released dur ing lrutding or tiikeoff 
ordinarily will not have sufficient air travel to 
fully arm the fuze. 

Fuze .. A..1·ming 

Wilen a bomb fuze is unar1ncd (safe) , itcrumot 
funct ion. In some fuzcs , a pin tlirough tlie striker 
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(equl valcnt to a firing pin) keeps it sate; in 
others, a "safety block" of metal under the 
striker head, or a screw securing it to the fuze 
body, performs this function. In "detonator-safe" 
fuzes, the detonator or primer is out of li ne 

· with tho fir ing pin when the fuze is unarmed. 
So1uc fuzes use a combinulion of m~thods. 

slechunical fuzes are usually armed by the 
rotation of n1iniature air screws called annlng 
vanes. These are turned by the passage of air as 
the !Jomb falls. The function of the arming wire, 
when used with vane-armed fuzes , is to p1·event 
the vanea from rotating in the plane's slip­
stream ·ind arming the lJombs before re lease. 

Physically, the arming wire is a length of 
brass or bronze wi re with a fiat eyelet at one 
end, (.;sually two arming wires are used, one 
for the nose fuze and one for the tail. One end 
of the wire is threaded through m'itching hoses 
ill the fuzc body and the arming vane. Safety 
clips (also called Fahns tock clips), slid over 
the wire next to \he fuze, keep the wire from 
slipping out from between the vanes. The eyelet 
end of the arming wire is engaged by u re­
tainer on the bom\> ruck or shackle from which 
the bomb Is suspended. The retainer's functioning 
is controlled by the pilot's selector switch. lf 
the swllch is set on " Safe" when the bOmb Is 
dropped, the retainer releases the arming wire 
with tho bomb, s o that the vane~ cannot rotate 
and the fuze remains unarmed. If the switch is 
set on "Arm ," the ret,liner holds the arming 
wire firmly; the bomb drops without the wire, 
the vanes turn freely, and by the time the bom\> 
is safely distant from the aircraft, the fu?.e 
is fully armed. 

some bomb racks and shackles have se,-eral 
ar1ning wire hooks on them. Thus it is possible 
to arm one fuze and not the other. Thi,,; is cu lled 
selective 111·ming. 

Arming of electrical fuzes is accompll~hed 
by electrical impulses from the delivering air­
craft as mentioned previously. 

SAFETY PHECAUTIONS 

The hazards of bomb type amn1unition are 
those of the explosives Involved, but are con­
sidered greater than those of explosive m·~terial 
in bulk form. Bomb type ammunition, when 
involved in fire, tends to set off a high order 
m<iss detonation of all explosive m~tcrial in 
close proximity. Evidence accumulated from 
accidents and from results of special experiments 
shows that it is possible to explode bomb-type 
ammunition, particu larly those with thin cases, 

by impact. Bomb type ammunition should not 
be dropped, dragged, tum\>led, or otherwise 
subjected to shock. Care should be used in loadhlg 
and unloading operations to prevent damage to the 
bomb case, projecting lugs, fuze cavit ies and 
threads, etc. Only nonferrous type tools should 
be used for c leaning fuze ca,itics or threads , 
or for scraping off drops or crusts of TNT or 
exudate. 

fir e bombs contain great potential hazw:ds. 
Pe rsonnel handli ng or cotuing into close contact 
with this type of amtnunitlon m·1st exercise 
caution an(! obey all safety ru les. Vapors from 
the fire IJom':> mix are generally toxic and 
highly flammable; therefore , all safety precau­
tions fo1· handling gasoline must be observed. 
Fire bombs containing white phosphorus (\VP) 
igniters are extremely dangerous due to the fact 
that \VP Ignites upon exposure to air. Fire 
bombs containing sodium (N1\) igniters, ignite 
upon contact with water mid p1·oduce caust ic and 
irr itating fumes. 

Safety precautions for chemicals and chemical 
tombs vary with the type of chemicals involved 
and are too numerous to cover in this chapter. 
Explicit instrucUon concerning the safe handling, 
hazards, and other pertinent data may be found 
in l\avOrd OP 2217, :\Iiscellu.neous Chemical 
:Vlunitions (current revision). 

Safety Involving p1·actice <n·ctnance tends to lie 
overlooked. Of all the accidents and incidents 
inYolving 01'dnance m;shaps, the m'1jo1·ity can be 
directly attributed to the mishandling of practice 
ordnance. Complacency and the amount of items 
handled often lead to carelessness and accidents. 
Practice bon1bs with signals Installed must be 
handled with the s iu11e considcra.tions as for live 
high-explosive bo1n bs . J arri ng or dropping tho 
bomb m'ly detonate the s ignal and result in severe 
burns or other injuries. 

Before handling any type of ordnance, the 
hazards involved and the necessary safety m=a­
surcs required to safely accom:ilish the task 
m·ist be thoroughly understood. 

AIHCRAFT GUl\S 

It was not until late in \Vorld \Var I that 
anyone visualized the fighting power of an air­
craft equipped with automatic guns. During the 
first part of this period, aircraft were used 
only for ol)servation pu11Joscs and were unarm ~d. 

The only protection the pilot or observer had 
was bis s lclcar1n. Rifles were later carried and 
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fi red by the observer, who stood erect in the 
cockpit. 

The first mounted autom11t!c weapons used in 
com bat were adaptations of automatic ground wea­
pons speeded up In rate of fire and fitted with 
recoil mechanisms to assist In absorbi ng shock. 

The Lewis machinegun caliber .30 was the 
first automat!o weapon to be used in combat 
aircraft. Later, the Browning machineguncaliber 
.30 m'1Cle its appearance, followed by the caliber 
• 50 Browning. 

In the 1neantime, the French Hispano-Suiza 
20-min autornatic gun made its appearance, 
Our Armed Forces began intensive deve lopment 
Of a 20- mm llreraft gun about 1937; and a 
short time later purchased the Hispano-Suiza 
design from tile French. The 20-mm gun was 
selected as the ideal size aircraft weapon be­
cause it was llght and compact enough to be 
mounted in fighte r type aircraft, yet it was 
large enough to fire a lligb explosive projectile. 

Our first m~el was designa.ted the :\11 ; ~Jt 
before it was ever used, several changes were 
made, and it booame the M2. The M2 wus first 
lnstalled in naval aircraft in 1943 und saw 
extensive s ervice during the remainder of \Vorld 
War n. However. by this lime it llad already 
been decided that a faster firing gun wus neces­
sary to compensate for the speedier aircraft 
that the enemy was producing. This led to the 
development of the 1VI3, a weapon which came 
into wide use In 1945. In 1948 when jet aircraft 
came into use, the Armed Forces reali~d that 
a weapon with a higher muzzle velocity and 
fas te r rate of fire was necessary. A more 
effective rneans of timing J.,'11nfire was also 
desired. 

It Is an Interesting fact that the United 
States did not Introduce, except in experimental 
quantities, any new type of aircraft machlnegun 
dur ing \Vorld \Va r II. The reason for this was 
the long and tedious program required to develop, 
refine, and produce a new and reliable service 
weapon. Our m'1instays were the .30 and .50 
caliber Browning, and the 20-mm AK- 1112 (His­
pano-Suiza) aircraft machinegun. Develo1nnent 
proceeded on superior automat ic aircraft wea­
pons , but the conflict did not last long enough 
for any to see combat use. Refinement and im­
provcmoant of the existing machineguns did bring 
m!lterlal results . Even today no machlncgun in 
the world can compete with the .50 caliber 
Browning for reliability. 

In the last few years, aircraft weapons have 
been developed that can very effectively handle 
certain types of targets that were formerly 

attacked with guns. Nevel'theless, under certain 
tactical conditions and against certain targets, 
the gun is still the optim·Jm weapon. Performfillet 
requirements are so demanding, however that 
only an outstanding aircraft gun can fulfill the 
requirements of today's aerial wa1·fa.re. Today 
the firepower per gun and thefirepowerpcrpound 
of gun must be m••Ch greater. The m::>st obvious 
reason for this is that aircraft speeds have 
more than doubled in the last few years • 

The adaptation of pods for the carrying of 
guns is in llne with the present day trend of 
multiple external stores capability of aircraft. 
This trend exists in most lligb perrormance 
aircraft where a variety of stores appear as pods. 
The gun pod adds to the versatility of an air­
craft by pertnitting interchangeability of its 
arm\lluent, s uch as guns, bombs, rockets, and 
gu ided missiles. By the use of gun pods, another 
variable choice of weapons is available to com­
plete the tactical mission assigned. 

Advances in aerial weapons such as high-speed 
rockets and guided missiles have limited the 
use of aircraft guns in current ai re raft consider­
ably. Therefore, the coverage of aircraft guns 
In this text Is limited to two guns, the 20- mm 
aircraft gun l\fk 12 and the 20- mm aircraft gun 
Mk 11 Mod 5, which Is a part of tho gun pod 
Mk 4 Mod O. 

20-M\I AIRCHAFT GUI\ :\1K 12 

The 20-mm aircraft gun Jvlk 12 (fig. 10-22) 
is s imi!a.J· in operating principles to tho 20- mm 
automatic gun M3 used during \Vorld \Var II. 
The ~1k 12, however, fires electric- primed am­
munition containing a lighter projectile and a 
larger powder charge, at a higher rute of fire 
and un increased m·~zzle velocity. 'l'hls weapon 
is intended for both air-to-ground and air-to-air 
combat. Figure 10- 23 shows the gun Installations 
in the F - 8 aircraft. 

The Mk 12 gun is an ai r cooled weapon and 
operates on beth the gas and blowbackprlnciples. 
The gun i~ electrically fired and continues to 
operate as long as the firing circuit is closed 
and ammunition is available. The weapon includes 
an integral pneumatic charger which is used to 
operate tile breechblock for fh·st round 101l.ding, 
to clear the weapon in case of misfl re, and to 
safety the gun on completion of firing. 

The ~fk 12 ls normally considered to be 
composed of two major units, the barrel and the 
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BREECHBLOCK (INSIDE RECE IVER) 

--- BUFFER ASSEMBLY 

110.154 
Figure 10-22, - 20 mn1 aircraft gun Mk 12. 

110.155 
Fii,,>1.tre 10-23. -20 mm gun installation. 

369 

GUN BARREL 

RECOIL MECHANISM 

,,,,,, 
b :> 



P!U'.\'CIPLES Or Ni\ VAL ORDKAl\CF. AND GUNNERY 

gun mechanism. However, for purpose of this 
discussion the weapon is divided into seven major 
compo11cnts: 

l. Gun barrel. 
2. Receiver assembly. 
3. Hecoil mechanism assembly. 
4. Gas mechanism assembly. 
5. Breechblock assembly. 
6. Ruffer assembly. 
7. Charger assembly. 

These assemblies include all tJ1e elements 
necessary for chamwring a round, closing and 
opening the breech, extracting an en1pty case, 
and controlling the recoil and couuterrecoil 
actions. In addition, the gun requires two .icces­
sorles to make it a complete combat weapon. They 
are a synchroni;o;ing switch, to complete the firing 
circuit of the. weapon, and a pneumatic 01· spring­
dri ven feed mechanism lha t feeds the ammunition 
Into U1e weapon. 

Gun Darrel 

The barrel is attached to the receiver of the 
gun by the threads on the hrerohendof the !Jarrel, 
and Is secured to th.; receiver by a locking pin 
which prevents rotation of the !Jarrel after 
ins tnllntlon. The wLllls of U1e chan1l>er nr e smooth 
I<> insure proper gas sealing <md extraction, Rifling 
grooves in !he bore extend from just forward of 
the chc\mber to U1e muzz le . interrupted on ly by 
the gas port drilled th rough the top of the !Jarrel. 

The exterior of the barrel !s ta!>ercd in steps 
from the breech to the muzzle end. An external 
U1rell.d is machined near the center of the gun for 
attaching the gas bracket t1nd retain ing the recoil 
m·~Chun!sm. To the reur of this thread is the gas 
port. i\n external U1road at the muzzle end of 
the barrel is provided to attach a flash hider , 
blast suppressor, or bar rel support. 

Receiver Assembly 

The receiver, which is the principal structural 
element of U1e gun, houses or supports all of 
U1e gun mechanism and provides attach ing sur­
faces for its feed mechu,nls1n and gun charger. The 
charger is on the r ight side of the receiver :.\nd 
actuates the breechblock for first cartridge 
loading and safetying action. The gas mechanism 
(attached to the i,>Un) actuates the breechblock 
~Ii des to unlock the IJolt after firing. The buffer is 
1nountcd on the rear of the receiver, and its 
function is to return the IJreechblock toward 
U1e locked position. 

Hecoil ~lechanism Assembly 

The recoil mechani~n1 is a spring mechanism 
that checks the movement of the recoiling parts 
of the gtrn and returns thern to hattery. · 

Gas :\Iechanism Assembly 

The gas mechanism unlocks the breechblock 
and starts it to the rear immediately after a 
round has been fired. The gas bracket nut secures 
the g:.1~ bracket assembly to the shoulder of tho 
gun !Jarrel. A key fitting intc s lots in the bottom 
of the bracket and the gun barrel secures the 
bracket In its proper angular position on the 
barrel. The bracket nut is also locked by the 
same key. The cylinder extension of the bracket 
guides and supports the piston end of the gas 
cylinder sleeve assen1bly. The piston and piston 
ring form l gas seal between the sliding s leeves 
and the chamlier of the gus bracket. The action 
insures fu ll effeet of the gas pressure admitted 
through the vent plug. The rear of the sleeve 
assem'lly is directed by the guide attached to 
the top forwaxd end of the receiver. This guide 
also acts as a stop for the g-.is cylinder sleeve 
spring. 1\s the slee,,e is forced to the rear by 
the gas pressure, it contacts a push rod on 
either s iclc of the receiver. The push rods are 
'1ligncd wllli !he bree~hblock s lides and un lock 
the breechblock as they are fo1·ced to the rear by 
the gas cylinder sleeve. 

Breechblock Assemhly 

The breech block is the reelprocatingassem''lY 
that loads a round into the barrel chamller, 
closes U10 breech, fires the round, and r·emoves 
U1e empty case. 

Buffer Assembly 

The buffer assembly Is pncumlltically oper­
ated. Its function is to absorb the force of tho 
rearwa1•d movemsnt of the brcechblock, stop this 
mJtion, and l·eturns the breech block to battery. It 
consists of housing, sleeve, piston, air Inlet 
iitt ing, check valve, and bleeder valve. Com­
pressed air is adrnitted to the rear of the piston 
by the air inlet fitting and the check valve. As 
the brcechblock moves a.ft and contacts the buffer 
piston, the check valve closes and traps this air 
behind the piston. The trapped air is compressed. 
This retards the rearward 1notion of the breech­
!Jlock; mid as the brcecllblock movement is 
stopped, the trapped air expands and drives the 
breechblock forward. 
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Charger Assembly 

The charger is a pneumatic mechanism which 
provides power operation of the breechblock for 
loading the first round or safetying the gun. 
The charh.-er piston is actuated by 1,000 ps i 
compressed air from the aircraft, The com­
ponents of the charger are the Charger tube, 
piston, ram head, and dumping valve. The entir e 
assembly is housed in the charger tube on the 
side of the receiver. The forward end of the 
charger tube fi ts into the charger hous ing. 
Six holes are drilled near the rear of the piston 
tube through an air hose co1mected to the charger 
housing, 0-rings seal both ends of the charger 
tube to prevent es cape of the co1npressecl air. 
The dum.?ing valve assembly is screwed into 
the for ward end of the tube. 

Synchronizing Switch Mk 1 Mod 1 

The synchronizing switch shown in figure 
10-24 contains three contacts which operate 
with the breechblock to con1plete the firing 
circuit. The case 'is composed of two halves 
bolted together. The electrical com~onents con­
sist of the A, B, and C squibs (two forward 
and one aft as s hown), two connectors, and 
interconnecting wires. The filler plates may be 

RECEPTACLE 

RECEPTACLE CAP A 

used when mounting the switch to the gun , de­
pending upon \Vi1ether the r eceiver of the gun has 
a recessed or a flat surface. The two forward 
squibs r epresent a gap or break in the circuit 
which 1nust be closed before the h'1.lrl can fire. 
The rear squib is the contact for the firing 
pin which ma.1<es contact when the breechblock 
is in batte ry. In operat ion the break between the 
two forward squibs is closed by the hrcechblock 
llefore it reaches battery position, 

Feed Mechanisrn Mk 7 l\1od 2 

The 20-mm feed mechanism Mk 7 ll1od 2 
is powel'ed by an air motor which is supplied 
v,i th co1npressed air from the aircraft's air 
system. It is mounted on top of the gun receiver 
body and secured by s ix locb.ing lugs iu1d two 
tie bar assemblies, (fig. 10-25). The des ign 
features include a low profile, light weight, 
and the ability to sustain a high rate of gun­
fire. The mechanism can be quickly installed 
and removed. Ident ical components a1·e used 
for r ight - and le.ft-hand installation. 

Ammunition l.leltiHg System Mk 2 Moel 0 

A1ntn>1nition belting system :vJk 2 Moel 0 is 
a motor-driven assembly for n1echanically link­
ing 20-mm aircraft ammunition in preselected 
ratios to for1n a continuous belt, 

REAR 
SQUIB 

FILLER 
PLATES--,, 

FORWARD 
SQUIBS--~ 

110.156 
Figure 10 - 24, - ~'ynchronizing switch Mk l, 
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COVER AND DRIVE ASSEMBLY 

FEED THROAT ASSEMBLY 

RIGHT-HAND FEED 

LEFT-HAND FEED 

110.157 
Figure 10-25. - 20 mm feed mechanism :\fk 7. 
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110.158 
Figure 10- 26. - Gun pod Mk 4 Mod 0. 

110.159 
Figure 10-27. - 2Q mm aircraft i_'lln Mk 11. 
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This system automatica lly performs three 
functions: 

1. It feeds the links and connects them to­
gether in ,. cont inuous string. 

2. It selects and feeds dillerent types or am­
mu11ition in preset ratios. 

3. It either links or delinks at speeds up 
to 250 pounrls per minute. Korm~ll)' 1notor driven, 
the system may also be m'.'lnually operated. 

G U'.'f POD iVlK 4 

The Mk 4 gun pod with t.l1e Mk 11 gun is a 
20-mm gun system capable or firing 4,000 rounds 
per minute. Loaded with 7 50 rounds the pod weighs 
1,285 pounds. It Is electricu.lly controlled fron1 
the aircraft and Is self- powered. Charging, clear­
ing, and runmunltlon boost functions are powered 
by a 3 ,000 psi pneumatic supply Inside the pod. 
1\lternate lower rate of fire and automatic charge 
are optional features. 

The ad,•antagc or mounting guns in pods 
Instead of within the aircraft fuselage or wings 
are num•!rous, including such factors as (1) 
reduced gunfire blas t and vibration, (2) positive 
clearance of eXJJtmded cases and links from air­
craft, (3) imrn·o\•cd accuracy clue to a single 

mount harmonization, (4) quick turnaround, and 
(5) safety from gun hazards such as gun gas, 
double feed, hangflre, and cookoff. 

The pod can be flown and fired at speeds up 
to Mach 1. 2 a t 10 ,000 feet and :VI nch 2. 2 at 
60,000 feet. 

The gun system consists of the gun pod 
(fig. 10- 26), the ~lk 6 :';!od 4 1!11k, and Mk 100 
series ammunition. The 20- mm aircraft gun 
:\lk 11 ~rod 5 (fig. 10- 27) is part of the gun 
pod, and in turn is m:1dc up of two ltems: 
the 20-rnm gun mechanism Mk 11 Mod 5 and 
the 20-mm gun loader Mk 2 :\fod 1. The Mk 11 
gun is located on the centerline of the pod, 
with the barrels in a plane through the mounting 
lugs. 

The Mk 11 gun is a self-powe1·ed, twin­
barrel revolver weapon employing the :';larquar dt 
gun cycle. It fires at 4,000 + 200 rounds per 
n1inute m1d is fed by two am.,,•1nltion belts. The 
~lk 11 Mod 5 gun described here Is the pro­
duction configuration. It weighs 225 pounds ready 
to fire, is 78.5 inches long, and has a life 
exceeding 100,000 rounds. The l\1k 11 gun £i re.s 
the standard ~lk 100 series ammunition (3.s used 
in the 20-mm Mk 12 gun) , 

374 



CHAPTER 11 

COASTAL AND RIVERINE CRAFT ARMAMENT 

Throughout our history coastal and riverine 
craft have played a very importa.'lt part In 
achieving victories .• on sea and shore. This has 
been true from the American Revolution \.0 the 
Vietnam conflict. 

Coast.al and riverine craft, many of which 
were converted from \\'orld \Var II landing craft, 
have Ileen used extensively In the Vietnam con­
flict. Their armament, which varies from craft 
to craft, ranges from .30 caliber machine guns 
to 105 mm howitzers . This chapter will acquaint 
you wi th some of these and their armament, In­
cluding Its operation. Koep In mind that most of 
these craft are of a temporary nature - activated 
and built only for use In the Vietnam conflict-and 
may or may not be In service once the Vietnam 
conflict Is over. Hi;rwever. future in;-olvement In 
a s!milnr type of warf,1rc may again require their 
use. 

COASTAL CR.'11"T AND THEIR 
ARMl\ME1'T 

Coa.st.al craft include patrol gunboats (PCs), 
hydrofoil gunboats (PGHs), fast patrol bOats 
(PTt's), and fast patrol craft (PCFs) . (Some 
coastal craft, such as Uie PTF and the PCF, 
also may be used for riverine service.) A 
representative number of these craft and their 
armament wlll be briefly discus sed In this 
section. Again, keep In mlnd that the armament 
on one boat m:iy be different from that on another 
boat of the same type. 

PATROL GU1''1l0AT 
AR.Vf AM !!:NT 

i\ patrol gunboat's armainent consists of a 
single 3" /50 gun mount forward, a singl<;1 40 min 
S'Un nft, u.nd four .50 caliber n1achine guns in 
tv.1n mounts atop the pilot house. Ashville Class 
PGs, except l'SS Antelope (PG-86) and t.:SS Ready 
{PG- 87), hnve J}lk 63 gun fire control systems 
(fig. 11-1). Antelope (fig. ll-2) and Ready have 
:<.1k 87 weapons control systems. The PC's 

weapons are capable of in1lict1ng heavy damnge 
upon light shipping and enemy personnel ashore . 

3" /50 Gun Mount 

The 3" /50 used on patrol gunboats (fig. 
11- 2) Is a rapid-fire, semiautomatic, enclosed 
single gun mount. Although tho 3"/50 gun was 
designed prlmllf'ily for (!ir defense, it can be used 
very effectively against sur!nco and shore tnrgcts. 

The 3• • /50 gun on a PG is enclosed in a fiber 
glass shield; 3" /50 guns on othe1· ships may be 
open mounts or enclosed In either fiber glass or 
aluminum shields. The description and opei·ation 
of the 3" /50 gun are covered in chapter 5. 

40 :\1M :\1ount Mk a 

The single 40 mn1 n10unt (Clg . J l - 3) on the PG 
is a power driven, electr ically controlled, dual­
purpose open mount. It is conu·olled by synchro 
signals, which drive the mount in lraln nnd elo­
\tatiOn. The controlling signals may be furnished 
either by a Local Power Control unit mounted 
on the carriage (fig. 11- 3) or by a fire control 
director. A Local- Automatic selector switch on 
the car1·lngo determines whiob set oI synchro 
Signals provides the control. 

\Vhen the Local-Auto1n aUc switch Is positioned 
for locnl control of the powe1· drives, the g·un 
pointer controls both the train and the elevation 
power drl ves by manipulating the hand grips of 
the Local Power Control unit. The pointer tracks 
the target with a guns ight that Is mounted on the 
gun mechanlsm and moves with the gun. He 
may fire lhe gun electrically by depressing a 
foot-operated f1 1·ing switch or nianually by de­
pressing lhe foot- firing pedal . 

\Vhen the mount ls in automatic control, it 
will follow the train and elevation gun order 
signals from the director or computer. Electric 
power firing of the gun oan l>o initiated by the 
di rector Operator and controlled by the gun 
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GFCS MK 63 
DIRECTOR 

3.269-85 
Figure 11-1,- USS Gall0p (PG 85), an Ashville Class aluminum- hulled gunboat. She is nr med with a 

3- inch gun torward and a 40 mm gun aft, nnd her speed exceeds 33 knots. 

---

FCS MK 87 
R.AOOME 

3.269-86 
Figure 11- 2.-USS Antelope (PG 86), with its FCS .Mk 87 i·adome clearly \risible above the pilot house. 

376 



Chapter 11-COASTAL At'ID RI VERINE CRAFT AR!t>'IAMENT 

POINTER'S OPEN SI GHT I TRAINER'S OPEN SIGHT' 

RANGE INPUT KNOS 
(LOCAL) 

GUN SIGHT MARK 

! LOCAL POWER CONTROL I 

ELEVATION INDICATOR 
SYNCHRONIZER FIRING MO TOR TRAIN DRIVE UNI T 

110,170 
Figure 11-3.-40 nim mount Mk S ll'iod 4, rear view, 
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ct·ew. }1onunl gun operation by bondcranks is 
posi.i lJle whenever power operation Is not feasible. 

Various safety features such as power- to­
m noun! interlocks, securing pins, firing cut- out 
cai11s, power- operated !i111its, train and eleva­
tion positive st.ops, and buffers are provided. 
Those safety featui·es, along with other features 
of the t11ount, are ci-11lained in detail in OP 1289. 

Some of the components of the 40 mm mount, 
such ns the tr aine r 's and tho pointer' s open 
sights, local and remote range input knobs, 
Local Power Control unit, and the gun sight arc 
shown ln figure 11- 3. 

.50 Caliber )fachine Gun (~I2HB) 

The .50 caliber machi ne gun on the patrol gun­
boat ls a Browning recoil-operated, belt-fed, 
air-'coolcd gun. Although it is prin1arily an anti­
a.ircr1ut weapon used by the Army, the Navy has 
adopted lt for use aboard ship, against both 
surface and air to..rgets . 

Tho mechanisrn of the weapon and its princi­
ples of operation are described ln detail in 
Army Field MMUai Fll-1 23-65. 

Main characteristics of the .50 cnliber n1a­
chine gun arc as follows: 

\"laight of (,'Un v.1 th barrel. 
overall length . . . •• 
Length of barrel ..• 
Lnnds and grooves . • 
Hate of f!ro 

(rounds/minute) . 
Maximum range. • • 
Effective range • • 
Cooling . . • • • • 
JJarrel twist. • . • 

Directi on of feed • 

Mode of fire . • • 

Type of feed. 

Muzzle velocity .• 

84 pounds 
65 1/8 inches 
45 inches 
8 each 

500 
7,400 yards 
2,250 yards 
Air 
Hight halld; one 
turn in 15 
inches 
Optional (left or 
l' ight) 
Full automatic or 
semiautomatic 
Disintegrating 
melnllic link belt 
2900 feet/ second 

An exterior view of the machine gun is shown 
in figu1·e J 1-4, ru1d a closeup of the rear sight 
is shown in figure 11-5. The sight is a leaf 
and blade typo. Jt is graduated In both yards 
and mils for range-from 100 to 2600 yo..rds 
and O to 6 2 mils . A windage screw allows for 
a wind cor-reetion of 5 mils ei ther to the right 
or the left. 
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WVATINO ANO 
TRAVERSING MIOIAHllM 

84.112 
Figure 11- 4. - Browning .50 caliber M2 machine 

gun (shown on the ground mount M 3) . 

RANGE IN YARDS AND MILLS 

110.171 
Figure 11-5. - Sight leaf, motnllic sight. 

Tho gun normally uses a l eft-hand feed, but 
by changing the position of certain parts, it can 
be fed from the right side. 

FAST PATHOL BOAT 
(PTF) ARl\IAMEKT 

Fast patrol boats with hull numbers 17-26 
(fig. ll-6) have the following Installed ordnance: 
one 81 n1m mortar, a single 40 nun 1nount, 
2- 20 mm single 1notmts, and 1-50 caliber 
1naohl110 gtm mounted over U1e mortal·. The 81 mm 
mortar with its piggyback .50 cal!bermachinegun 
(fig. 11-7) is located in the bow section of the 
boat . One of the 20 mm guns is mounted on the 
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7.62 MM M.G. 
{PORT & STB DJ 
MT. MK 58 MOO 2 

81 MM MORTAR /.50 CAL.M.G. 

MK 2 MOO"""I !iM'T •. -~~'!!'!!' 

l 

20 MM SINGLE MT. 
MK 10 MOO 23 (PORT & STBOJ 

40MM SINGLE MT. 
(M3) MK 3 MOD 0 

110.172 
Figure 11-6.- Fast patrol boat, 17-26 class. 

29,320:84.112 
Figure 11-7. -81 mm mortar nnd piggyback .50 

caliber machine gun. 

starboard side and the other is mounted on the 
port side. 

PTFs "ith bull numbers 3-16 have 2-40 mm 
guns- one forward and one aft- and 2- 20 nun 
guns -one to stai·board and the other to port. 

(The , 50 caliber machine gun is the same 
weapon as the one described earlier, Therefore, 
it will not be discussed further,} 

81 MM Mortar 

The 81 mm mortar shown in figure 11-7 ·is 
a Mk 2 Mod 1 design; the one in figtu•e 11-8 is a 
lvlk 2 i'vlod 0. The major design difference between 
the two is that the ll'lod 1 has the piggyback 
machine gun. 

The 1nortar is capable or fi1•ing highexplosive 
shells, illu1ninating shells, and white phosphorous 
(\VP) smoke shells. This capability makes it 
nn effective weapon in bombard.lnent, laying smoke 
screens, nnd providing nighttime targetillun1ina­
t ion. Fuzes for the mortar's ammunition are of 
two types: point detonating and ti1ne. However, 
there are three types or fuze actions because 
point detonating fuzes ciu1 be either super­
quick (explode on impact} or delay (activate 
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SLIDE 

TRA!NINS 
SCALE 
L!G!I f 

29 . 320,1 
Figure 11- 8. - 81-m m nlortar Mk 2 Mod 0 (right 

side vle"~ . 

on impact but explode a fr!ICtion of a second 
later) . 

The 1no rtar is si1nple i n des ign. It can be 
oper ated by one man, though two usually perfor1n 
this duly . It is designed for free s wi nging in 
both tr ain and elevation for quick change in 
direction, or it can be fired from a fixed posi­
tion, by either drop- fire or controlled trigger 
fire. (In drop-fire, the p1·ojectile is fi r ed as soon 
as it slldes down the barrel and hits the firing 
pin; trigger fire is sltnilar to firing a ho.ndgun.) 

The 81 min n1ortar bas o.n open yoke- type 
sight mounted at the left side of t he slide (fig . 
11- 9) . ll is a manuruly- adjusted arrangement 
with offset limit s of 14°20' deflection, right and 
left, and 75° sight angle . The mortar has o.n 
e levation scale that is gr aduated in 5° incre­
ments from - 30° to +75° and a t raining scale 
graduated in 1° incr ements froin o• lo 360°. 

Additional information on the 81 mm mortar, 
which Is also mounted on Hydrofoil Gunboats 
(PGHs) and Fast Patr ol Craft (PCFs) , can be 
found in OP 1743. 

OP EN FRONT SlGHT 

OPEN REAR SIGHT 

SI GHT ANGLE SCALE 

29 .320.2 
Figure 11- 9. -81 mn1 mor tar sight llik 1. 

20 M!vl Gun 

The 20 m m gun on the PTF (and other small 
craft) wns originally designed in the early 1930's 
for use on aircraft. The first known successful 
npplicatlon of this weapon for use on surface 
vessels was on the Navy's sinall boats in 
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Vietnam - boats such as PCFs, PB Rs and ASPBs. 
The 20 mm gun 1nay be mounted in an open 
mount arrangement, as on the PTF, or in an 
enclosed mount (fig. 11-10). 

For discussion purposes, the 20 n1n1 aircraft 
gun may he conside1·ed to be divided into seven 
major components (fig. 10-22) as follows : 

1. Gun bar rel 
2. Receiver assen1bly 
3, necoil roechanis1n assembly 
4. Gas 1nechanism asse1nbly 
5. Breechblock assembly 
6. Buffer assenibly 
7, Charger asse1nbly 

These asseniblles include all the elements neces­
sary for chambering a r ound of a1nmunition, 
closing and opening the breech, extracting an 
empty case, and controlling the recall and counter­
recoil actions. bdditionally, the b"'n requires 
two accessories to make it a complete combat 
weapon-a synchronizing switch to con1plcte 
the firing circuit and an an1munition feed mechan­
ism. 

In addition to being useful against aircraft, 
the 20 mm gun can be used against sn1all craft 
and pe1·sonnel. Its primary uses on the Navy's 
small boats i n Vietna1n arc against persomiel 
and s1nnll craft. A detailed description of the 20 
mm aircraft g1m can be found in Aviation Ord­
nancernan 3 & 2, NavPers 10345 series or OP3476. 

110.173 
Fib"'re 11-10.-Mk 48 gun mount with 20 n1m gun 

ru1d Mk 19 inaclline g1m. 

FAST PATROL CRAFT 
(PCF) ARJl1AMENT 

The fast patrol craft, "swift" type (fig. 11-11), 
is <>enerallv equipped with an 81 n1m 1nortar with 
a piggyback inachine gun mount, aft, and a twin .50 
caliber 1nachine gun mount atop the pilot !louse. 
Also, they may be equipped with a Mk 19, 40 min 
1nachine gun mounted forward of the pilot house 
and M60 (7,62) machine guns, PCFs, as well as 
other small boats, areequippedwithhruid-carried 
ordnance such as ~'{79 grenade launchers and 
handguns , as the need arises. 

HYDROFOIL GUNBOAT 
(PGH) ARMAMENT 

Presently, there are two hydrofoil gtuiboats 
in service. Both are armed with 1-40 mm gun 
forward, 4 - .50 caliber (two t--h1n mounts) machine 
guns atop the pilot house, and 1 - 81 min nlortar 
aft. Hydrofoil Gunboat Tucumcari (PGH-2) is 
shown in fioure l l -12. Its high speed capability 

0 • t (above 40 knots), ease in maneuvering, and var1e :y 
of weapons makes it very useful forcoastaloper­
ations, (Both PGH-1 imd PGH-2are expectedtobe 
used for ordnance experimental purposes in the 
near future.) 

RIV ERIN E CRAFT AND T HEIR 
ARMAMENT 

Riverine craft as we know them today consist 
of a variety of small boats \vitll a vru:iety of 
arma1nent . nluCh of which is the same as that for 
tile coastal craft discussed earlier. Someofthese 
boats were built specifically for riverine use; 
others are converted \Vorld \Var II landing craft, 
commerical craft, and pleasure craft. They in­
clude the river patrol boat (Pf.!H), assault support 
patrol boat (ASPB), 1nonitor (MON), armored troop 
carrier (ATC), command and control boat (CCB), 
natrol air cushion vehicle (PACV), and the river 
minesweeper (MSR) . The arn1ament of a repre­
sentative number of these craft will be discussed 
in the following paragraphs. 

IU VER PATROL l30AT 
(I'flH) ARMAMENT 

The river patrol boat shown in figu1•e 11-13 
is ar med with 3 - .50 caliber machine guns and 
a 40 mm (M7 9) grenade launcher. The twin 
machine gun mount is located in tl1e bow section 
of the boat. The 40 nun grenade launcher is band 
carr ied. The single 1nachine gun is located near 
the boat's stern. 
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134.174 
Figure 11- ll. - Fnst patrol cr oft, "Swift" type. 

I 
;_ I. 
~f I .~ 
I 
' 

-
3.88(134) 

Figure 11-12. - Hydrofoil gunbont 'fucu1ncari (PGll 2) with hydrofoils in the water. 
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3.272 
Figure 11- 13.-River patrol boat on a routine palrol. 

The armament of dl!ferent P Blls varies. Some 
PBRs have a 40 mm machine gun n1ounted over 
the single .50 caliber machine gun. Others have 
60 mm mor tars and 7 .62 mm machine guns in 
addition to their .50 caliber machine guns and 
40 mm machine gun. 

40 lv1M Grenade Launcher M79 

'fhe M79 grenade launcher i~ a single-shot, 
shoulder fire weapon. ll is breech loading and 
chambered for a 40- mm nietallic cartridg-e case 
with internal primer. It is trigger- fired the 
same as a shotgun. It even resembles a shotgun 
somewhat (fig. 11-14). 13ecause of its versa­
tility, the grenade launcher is issued to most 
Of the riverine craft, and Its primary use is the 
launching of antipersonnel projectiles against 
enemy ground forces. The Operation and main­
tenance of the M79 grenade launcher is de­
scribed in Army Technical Manual TM 9-1010-
205-12. 

60 llI JII ll'lor tar 

Like the 81 mm mo1·ta.r , the 60 n1m n1ortru: 
(fig. 11-15) can lJe used fo1· bomba.t'(llnent, laying 
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smoke screens, nnd for p1·oviding nighttin>e 
target illumination. It too has a recoil-counter­
recoil mecha.nism to reduce brllke load and a 
trigger- fi ring mechanism. 

The main characteristics of the 60 mm mor tar 
are as follows: 

Weight . • 
Length. 
Width . • • 
Height . 
Mode of fire. 
Type of feed. 
Rate of fire . 

:llaximum range. 
Effective range . 
Muzzle velocity . 

Barrel twist. . 
Barrel length . 
Cooling . . . . 

• 

135 pounds 
54 1/4 inches 
14 inches 
57 3/4 inches 
drop or trigger 
hand 
10- 18 rounds per 
ininute 

1,850 yards 
• • 1,000 yards 

• 

493 feet per 
second 

• none 
25 5/8 inches 
air 

Operationally, the 60 mm mortar is s imilar to 
the 81 mm mortar. The major differences between 
the two are the greater muz><le velocity, larger 
project ile, and longe1· ra1ige of the 81 mm mortar. 
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29 .366 
Figure 11-14.-Grenade launcher 11179 (left front 

view). 

7 .62 ?.'.l.M Machine Gun M60 

Another weapon that is commonly used on 
the PBR and other river ine craft (as well as on 
some coastal patrol craft) Is the 7 .62 mm ma­
chine gun. This is the Army's machine gun 
mounted for use on Navy small boats, and it is 
capable of engaging distant targets (up to 3200 
meters) with a heavy volume of controlled and 
accurate fire. 

The ?.'160 machine gun (fig. 11-16) IS an 
air-cooled, belt- fed, gus-operated au tom at!c 
weapon. 'l'hc ammunition for thi s weapon, which 
fires from the open-bolt position, is fed Into 
the gun by a disintegrating metallic spU~link 
belt. Main characteristics oi the gun are as 
follows: 

Calibe1· . ••. •.••. 

\Ve!ght • , , , . • 
Longth • • • • 

• 

• 

• 

7.62 mn1 NATO 
(.308 caliber) 
22 pounds 

• 43. 5 inches 
• 3 inches 

• • • • • 5 inches 
•••• automatic 

left hand 

\Vldth. • • • • • 
Height . • • • •• 
J.iode of fire . • • 
Direction of feed. 
Type of feed . . . • 
Rate of fire . • . • • 

• • 

l'vlaximunl range • 
Effective range 
?;luzzle velocity • , • 

• 

Barrel twist •• 

Darrel length 
Cooling .•••• 

• 

• 
• • 

• • 
• • 

• 
• 

• • 

an1munition can 
550 rounds per 
minute 

• 3, 200 metors 
• 1,100 meters 

2, 750 feet per 
second 

• right hand, one 
turn in 10 Inches 
24 inches 

• air 

29,320 
Figure 11-15.-60 mm mortar . 

The M60 has a front Sight permanenUy 
affixed to the barrel. The rear sight leaf Is 
mounted on a spring- type dovetail base. The 
range plate on the sight leaf Is marked for each 
100 ineters, from 300 meters to the maximum 
effective rMge of 1,100 meters. Range changes 
may be mnde by using either the slide release 
or the elevating knob- the s lide release for 
major changes and the elevnt!ng knob for minor 
changes. 

A detailed description of the 7 ,62 machine 
gun M60 ls found in Army Technical :Manunl 
F ll'i 23-67 . 
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REAR SIGHT LEAF~~ 

FRONT SIGHT.-. 

GAS SYSTEM 

45.578 
Figu1·e 11-16. -7 .62 mm 1nachine gun, M60, bipod mounted. 

Miscellaneous Ordnance 

Some PBRs, as well as other small boats, 
carry night vision equipment, srnall arms, pyro­
technics, and demolition grenades. The night 
vision equipment (sight) is used to see enen1y 
movement at night or during poor visibility con­
ditions. It is hand held or mounted on the Ml 6 
rifle. Small arms carried by the PBlt consist of 
a 12 gauge s hotgun, 3-Ml6 (5.56) rifles, 2- 40 
mm grenade launchers, n .38 caliber revolver, 
and an ordnance locator. The small an ns are 
especially useful for boarding and search opera­
tions. The pyrotechnics are used for s ignaling, by 
smoke or illuniination. 

The miscellaneous ordnance carried by any 
boat at a given time will vary according to its 
assigned mission. 

ASSAULT SUPPORT PATROL 
BOAT (ASPB) AR1"1All'IENT 

Arman1ent of ASPBs may vary, but gen­
erally it consists of 2-1\'Ik 26 gun mounts 
(with either .50 caliber machine guns or Mk 20, 
40 mm machine gttns), 2- 20 mm machine guns, 
and 2-Mk 19 high-velocity grenade n1achine 
guns -plus s mall arms and night vision devices. 

The ASPB (fig. 11-17), with its assortment 
of armament, is used mainly for patrolling i n-

land waterways and for supporting troop land­
ings and n1ovements. A description of its arma­
ment, except for the . • 50 caliber machine gun 
which was described earlier, is in the following 
paragraphs. 

Mk 26 Gun l\'Iount 

The l\'Ik 26 mount is a universal tripod, 
lightweight unit developed for the .5-0 caliber 
heavy barrel machine gun and adaptable for 
mounting other weapons. The mount is quite 
versatile with respect to location on a variety 
of small boats. It weighs 205 pounds and is 59 
inches high. It can elevate through a 100° arc­
from - 15° to 85°. Figure 11- 18 shows the l.IIk 
26 \vith a .50 caliber machine gun mounted. The 
Mk 20 n1achine gun requires an adapter for its 
installation on the ll'lk 26 mount. 

On other small craft, the Jilk 26 rnay have 
other ordnance mounted-such as the 7.62 m.m 
machine gun or the Mk 20 machine gun. 

Mk 20 Machine Gun 

The Mk 20 machine gun (fig. 11-19) is a fully 
automatic, low-velocity grenade machine gun 
used as an antipersonnel weapon. It :fires the 
same round as the M79 grenade launche r , and 
it utilizes a metallic link fed from a 24-round 
annnunition can. The gun was designed to be 
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110.174 
Figure 11- 17. - Assault support patrol boat, on pan·ol. 

8'1.112 
Figure 11-18.-.50 caliber machine gun on Mk 26 

gun mount. 
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110.175 
F!guro 11-19.- Mk 20 grenade gun (low velocity). 

pedestal mounted; however, it is recoilless and 
lends it.self to multiple mounting systems such 
as tripods or bipods or, if necessary, it may 
be fired from a hand- held position. 

To fire the weapon, the first cartridge is 
loaded manually i nto !iring position. After that 
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shot is fired, the remaining operation is auto­
matic or semiautomatic-depending upon the 
mode of fire . 

Following are some characteristics of the 
Mk 20 machine gun: 

• • • Caliber .•• 
\Veight • • • • • • 
Length •••••• 

• 
• • • 

• 
• 
• 
• 

• 

• 40 mm 
• 26 pounds 

27 Inches 
9 Inches 
7 Inches 

\Vidth.. • • 
Height . • • 
Mode of fire . • • • • • • • • full automatic 

or semlauto­
n1atic 

Direction of feed. • • • • left hand 
Type of feed • • • •••• mechanical, 

Rate of fire • • • • 

::\iaximum range .••• 
Effective range • • 
Muzzle velocity • 
Barrel twist . . • 

• 
• 

• 
• 

link 
250 rounds/ 
minute 
400 meters 

•• 350 meters 
• 230 ieet/second 

right hand, one 
turn in 48 
inches 

Barrel length • • • • . . • • 12 inches 
Cooling. . . • . • . . . . . . air 

This wenpon, with its relatively high rate of 
fire, can inflict heavy damage upon enemy troops. 

?Ilk 48 Gun Mount 

The Mk 48 gun mount is a medlum- arn1ored, 
small-caliber, flexible multiple-gun mountforuse 
on s1nall craft employed in patrol, escort, and 
support duties . The mount provides £iro power 
effective agalnst other small crnft as well as 
personnel and shore emplacements. It has un­
obstructed peripheral vision for easy t!u:get 
recognition froni all angles . 

The Mk 48 mount comes in several mods. Its 
mod depends upon its ordnance suite. The ?"lod 
0 mount has one lvlk 19 machine gun and one 20 
mm machine gun; the ;l.!od 1 has one r.-lk 19 
mnchine gun and two 7.62 mm n1achine guns; and 
the Mod 2 has one lvlk 19 machine gun and two 
.50 caliber mnohine guns. 

The ASPB 111 figure 11-17 has a Mk 48 ~'lod 2 
mount and a Mk 48 Mod 0 mount like the one shown 
in figure 11-10. The mount is 39 lnchesalX>ve the 
deck. It ls manually operated through 360°in train 
and canbeelevatcdfrom'-15°to65°(a total of 80') . 
It has a periscope- type sight for daytime use and 
a light amplification typeforuse at night. The Mod 
0 (as stated earlier) has a 20 mm machine gun 
and a Mk 19 machine gun. The 20 mm gm1 is 
identical to tho so dei;crlbed eai·He r for tlle fast 
patrol boat. The )!k 19 machine gun (fig. 11- 20) 
is a mechanically- fed, blowhack-operatcd weapon 
designed to fire 40 mm high velocity gi·enadcs. 

110.176 
Figure 11-20. - l\!k 19 machine gun. 
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It can be fired by hand or remotely by using a 
solenoid. Its main characteristics are asfoUows: 

Caliber. • • 
Weight. • 
Length •• 
Width .. 

• 
• 

• • 
Height . • •• 
l\'lode of fire • • 

Direction of feed . 
Type of feed . 

• 

• • 40mrn 
• 46 pounds 

34 Inches 
8.5 inches 

• • • 7.5 inches 

• 
• • • 

• 

• 

• • full auton1atic 
or semiauto­
matic 
left to right 
mechanical, 
link 

Rate of fire . • • • • 375 rounds/ 
minute 

• • • l\'laxi mum range . 
Effective range • 
l\'Iuzzle velocity 
Barrel twist • • 

• • • • 

2,200 meters 
1,600 met.ors 
800 feet/second • 

• 

Barrel length . . . . 
l\<lethocl of operation • 

• 
• 

• 
• • right hand, one 

turn in 48 
inches 

•• 12 inches 
advanced 
primer ignition 

Cooling. . . . . . . . . . . ai1· 

Although the Mk 19 40 mm machine gun was 
!ni ti ally designed for use on the Mk 26 deck mount 
or on the Mk 48 shielded mount, further adaptation 
has enabledittobeusedinother applications (e.g., 
by ground forces and in some helicopters). 

Miscellaneous ASPB Armanient 

The ASPB has an allowance of sn1all arms and 
night vision devices similar to that of the PBR. 
Additionally, some have two 4 tube Mk 47 rocket 
launchers (3.5 bazookas). 

JIIONITOR (MON) 
ARf>IAMENT 

The monitor, a converted landingcraft(LCl\'I), 
provides fire support for riverine operations. It 
has two basic hull configurations- the HO\VITZ ER 
and the FLAJ:vlE SYSTEM. The Hov.1tzerconfigur­
ation (fig. 11-21) has a 105 n1m howitzer mount 
forward, 2- :Mk 48 Mod 0 gun mounts aft (one to 
port and the other to stn.t'boar·d), and 2-7.62 
machine guns installed on ?Ilk 26 gun mounts. The 
flame system configuration bas two flanie 
throwers instead of the howitzer and a l\'Ik 20 
machine gun in place of one of the 7 .62 mm 
machine b'Wls. Both configurations have small 
arn1s and night vision devices. 

The heavily armored monitor i s popularly 
referred to as the "battleship" of the riverine 
fleet. Its 105 mm hov.1tze1· or flame thrower 
gives it added "punch" in routing the enemy. 

OTHER COASTAL AND RIVERINE 
CRi\FT AND THEIR AR1'1AJl-IRNT 

The Navy has several other types of coastal 
and rivel'ine craft. Some are usedforone specific 
purpose while others have multiple uses. \Vhetber 
these craft are in an active or n i·eserve status 
depends upon the current requirement. Some of 
these craft and their armnmont are as follows: 

1. Patrol Air Cushion Vehicle (PACV). The 
PACV (fig. 11-22) travels on a cushion of air 
about four feet thick. Flexible air- actuated trunks 
provide obstacle clearance and ditch-crossing 
capability over land and improved riding qualities 
over water . The P1\CV has been highly successful 
in its operation in the marshy plains of South 
Vietnani. It Is armed with a twin J.fk 56 .50 cnliber 
machine gun mount, two 7 .62 mm machine guns, 
and two 40 mm grenade launchers. 

2. Armored Troop Carriers (ATCs). These 
craft were converted fron1 LCM-6 landing crsft. 
Their main purpose is to transport troops, small 
vehicles, field artillery, and supplies. Heavily 
armored, they are fitted with steel helicopter 
platforms to facili tate evacuation of wounded 
personnel, logistics resupply, o.nd as emergency 
landing platforms for damaged helicopters. Their 
armament consist of 1 or 2- 20 mm machine 
guns, 2- .50 caliber machine guns, 1-40 mm 
i'.vlk 19 grenade rn achlne gun, and 2-1'ik 20 
n1achlne guns. 

3. Cornn1and and Control Boat (CCB) . The 
CCB (fig. 11-23) serves as o.n afloat command 
post, which provides command and communica­
tions facilities for ground force and boat group 
commanders. They are heaVily armored and are 
armed "1th 2- 20 mn1 machine guns, 2 - .30 
caliber (or 7 .62 mm) machine guns, and 2-
Mk 19 1nachine guns. 

4. lUvor :Minesweepers (ll'ISR). River mine­
sweepers are converted landing craft. They ru-e 
heavily armored craft that arc used for clearing 
mines from the rivers. f>lSRs are armed with 
two Mk 48 Moel 0 mounts amidships-one to 
starboard and one to port- and a .50 caliber 
machine gun. 

5. Coast.al Minesweeper (MSC) . The .MSC 
is constructed throughout of wood and other 
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Figure 11- 21.-Howitzer configuratiun monitor. 134.l 72 

110.177 
Figure 11-22.-The patrol nir cushion vehicle, riding on a 4- foot cushion of air, can patr ol or chase 

over any type of terrain. 
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110 .178 
Figure l l-23.-Con1mand and control boat (COB) • 

... ·r· .. • • • 

110.179 
Figure 11- 24. - Bluebird class coast.al minesweeper (with twin 2Q mm mounl forward). 
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110.180 
Figure 11-25. - Albatross class coastal minesweeper (old) has one 40 n1m n1ount forwal·d. 

materials with a low mai,rnetic attraction. The 
Bluebird Class (fig. 11-24) has one twin 20 
mm mount forward. The Albat1·oss Class (fig. 
11-25) are classified as i.\.1SCOs and have asingle 
40 nun mount forward. (The 20 mm tv.'in mounts 
shown in the illustration have been rcn1oved 
from active MSCOs.) 

These are but a sampling of the various 
small boats used in coastal and 1'i qerine opera­
tions. Again, bear in mind that the armament 
may vary considerably from l>oat to boat. For 
exan1ple, the armament on one PBR n1ay be 
quite different from the armament on another 
PBR. 
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CHAPTER 12 

UNDERWATER ORDNANCE 

Underwater ordnance includes weapons used 
In destroying or disabling an enen1y s hip by 
means of an underwater explosion. Weapons 
employed in underwater warfare include tor­
pedoes, mines, depth charges, depth bombs, 
hedgehogs, and rockets. 

Some of the Navy' s most recent developments 
In rocket- assisted underwater weapons such as 
Asroc, Subroc, and Astor are discussed briefly 
in the next chapter. A more detailed discussion 
of these and other underwater weapons may be 
found in (the classified publication) Navy Missile 
Systems, NavPers 10785 series. This chapter is 
limited to a discussion of torpedoes and mines. 

A torpedo Is a self-propelled weapon that 
carries a high-explosive charge to an enemy ship. 
A mine is a thin-cased weapon filled with high 
explosives and designed to explode under water 
when s truck or closely approached by a ship. The 
ancestor of both was David Bushnell's powder keg 
with contact triggers (caused keg to explode on 
contact with an object) attached (fig. 12-1), many 
of which he floated down the Delaware RI ver 
toward blockading Br itish ships dur ing tho Ameri­
can Revolution. 

Much emphasis is still being placed on im­
proving mines and torpedoes. One reason is the 
fact that an underwater o"-plosion can do more 
damage than an above- water explosion using the 
same explosive charge. Since water is practically 
incompressible, it transfers most of the force 
al an explosive shock directly to the hull of the 
target ship, whereas air absorbs much of the 
force of an explosion in the atmosphere. 

INTHODUCTION TO TORPEDOES 

Credit for the first self-propelled torpedo 
goes to a Captain Lupi us of the Australian Navy. 
Captain Lupius worked out his idea during the 
American Civil War, but he didn't have the me­
chanical know-how to actually build tbe torpedo. 

In 1864 he took bis plans to Robert Whitehead, 
a British engineer. After two years of work, 
\Vhl tehead produced a short tor pedo, 14 Inches 
in diameter, With 18 pounds of dynamite In its 
warhead. It was powered by a piston engine 
operating on compressed air at 700 psi. White­
head's first torpedo ran at 6 knots, for about 
100 yards. on some of its tosts It ran along the 
surface; on others it dived to the bottom. 

\Vhi tehead invented many of the devices that 
are found in modern torpedoes. For example, 
the air systent of the \\lh.i tehead torpedo was 
controlled by 11 stop valve, a charging valve, 
a starting valve, and a. reducing valve. To keep 
bis torpedo running at tho proper depth, White­
head invented a depth mechanism containing a 
hydrostatic diaphragm and pendulum. (Air-steam 
torpedoes have all these parts.) To keep bis 
torpedo on course \Vhitehead invented 11 servo­
motor to operate the steering rudders. \Vhitehead 
developed the Idea of replacing the warhead With 
an exercise head for practice shots. 

\Vhile Whitehead was improving hie torpedo, 
other inventors were busy, too. Most of these 
experimental torpedoes were abandoned s hortly 
after they were tested. Air-steam torpedoes 
are based on \Vbitehead's ideas. But three big 

56.1 
Figure 12-1. - Bushnell's powder keg mine, 

ancestor of the torpedo and mine. 
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Improvements on \Vhiwhead's basic invention 
have beon ma.de: 

(1) substituting turbines for tho pi~ton engine, 
(2) adding fuel to superhead the compressed 

ah', and 
(3) adding a gyroscope to control the steering 

engine . 

As previously stated, a torpedo ls a self­
propelled weapon. Its principal requirements 
a.re, therefore, a charge of explosive and a 
power plant. As a practical weapon, a torpedo 
must have a number of other features, including: 

1. A Sholl, or housing, strong enough to 
suppot·t the explosive cbnrge. power plnnt, and 
related mechanisms, and strong enough to with­
stand the shock or launching. 

2. A source of energy for the power plant, 
s.nd for the torpedo control mechanisms. 

3. An exploder that "'111 detonate the explo­
sive charge when the torpedo reaches Its target, 
but which will remain Inoperable while the 
torpedo is close to the firing ship. 

4. control mechanisms that hold the torpedo 
on a preset course, at a preset depth. 

6. One or more propellen; to drive the 
torpedo tnrough the water. 

6, Tail vanes and rudders, to control course 
and depth. 

7. Homing torpedoes require, in nddition, a 
homing device which will enable the torpedo 
first to search for the target, then to sense the 
target as It approaches, and finally to steer 
itsoU on a collision course with the target. 
At present, homing devices function on acoustic 
prlooiples. 

All torpedoes nt'O similar In gene1·al exterior 
appearance. 'fhey di£rer considerably, however, 
in !unction nnd capabilities. To11>edoes 1na,y be 
classified In several ways: 

l. By thelrp0wer plants(alr-steam, chemical, 
eleot.Jic, or solid fuel) . 

2. By the vehicle from which they are Ja.unched 
(surface ship, submarine, or aircraft) . 

3. By speed and range. 
4. l3y the type of exploder used. The Impact 

explode• operates only when the torpedo actually 
strikes its target. The influence exploder (which 
will not be detailed In this text) operates when 
the torpedo passes near its tnrget. 

5. By typo of conu·ol mechanisn1. The cont1·01 
mechanism In a conventional torpedo holds the 

torpedo on a previously calculated collision 
course with the target. A homing torpedo, after 
enabling (Commencing to search). runs on a pre­
set "pattern-running" course until it acquires 
the tal'get. It then receives steering slgnnls from 
the homing system and attacks tile target. If the 
target Is lost, the torpedo shifts back to a search 
pattern until lt acquires the target once more. 

Although torpedoes al'e constantly being im­
proved as to speed, accuracy, and leU1allty, the 
exterior shape has remained almost tho same 
excepl for a reduction in length. ?.tost torpedoes 
a.re elongated cylinders with relatively blunt 
noses :ind tapering tails. Standat•d diameters are 
10, 12.75, 19, and 21 inches. Nlost torpedo tubes 
consist of 21" diametor bat·rels and with the 
proper equipment can accommodate torpedoes of 
any diameter. The nose may be either og:ival, 
spherical, or flat. The tapering tail mounts fins 
with vo1•tical rudders and horizontal stabilize1·s 
(the latter corresponding to elevators io nn air­
craft} as well as either one or two screws 
(propellers). lf there are two screws, they rotate 
In opposite directions (countcrrotation), ·so that 
the reaction of a single screw will not cause the 
torpedo body to rotate. T1 n torpedo has a single 
screw, either its tail fins are canted or its body 
Is fitted with canted longitudinal ribs or ridges 
IO produce a torque opposing that of the singie 
screw as the torpedo passes through the water. 

FU:'\CTIONAL ELEJ'IIENTS 

A torpedo Is generally constructed in four 
sections- head, midsection, afterbody , and ts!l. 
Each section is concerned with a speclfic function . 
~lost homing torpo<loes, however, have only three 
sections; the afterbody and tall arc u:iually com­
bined. 

'!'be head may be either a warhead or an 
exercise head. Tho wai·hond contains the main 
charge and its ex-plodiog device, as won as (in 
a homing 01· influence- fired torpedo) the acoustic 
and magnetic sensing elements used In steering 
the torpedo and firing the charge. An exercise 
head contains either liquid ballast (waler) or 
solid ballast (lead weights) which Is released 
at the end of torpedo run, causing the toJ'Pedo to 
surf nee. 

The midsection (which rnay have di(forent 
names in different types of torpedo) in general 
houses energy-sto1·lng or energy- supplying de­
vices, such as compressed llir flasks, batteries, 
fuel and oxidizer tanks, and the like. It may nlso 
contnin some controlling devices such as valves 

393 



PHINCIPLES OF NAVAL ORDNANCE ANO GUNNEHY 

01· some guidance equipment. The midsectiotnnay 
actually be constructed as two parts, In air­
steain powered torpedoes, it is called the air 
flask section; in so1ne electric-powered tor­
pedoes, it is called the battery compart1nent . 

The afterbody contains the propulsion engines 
and gearing and guidance equipn1ent. 

The tail includes the fins and control sur­
faces, the exhaust systen1 (if sny), and the screws 
that propel the torpedo, All standard torpedoes 
now in active service use screw propulsion. 

To1·pedocs may be fitted with other accessory 
parts required for special launching methods . 
Thus, torpedoes modified for rocket or missile 
propulsion (such as those used with As1·oc) may 
be fitted with parachutes and buffers to reduce 
shock when they enter the water, and "ith 
special h1u-dware for attaclunent of airfraines 
ot· suspension from aircraft. 

L AUNCHI NG Jv!ETHODS 

There are four principal ways to launch a 
torpedo - by firing lt fron1 a tube, by dropping 
it fron1 a rack, by propelling it part of the way 
to its target as a rocket payload, or by letting 
it swin1 out. 

Airc1•aft drop torpedoes fron1 launching racks; 
usually, an aircraft carries only a single torpedo, 
A helicopter can carry one or two torpedoes 
for 1\S\V work, 

The Navy's older destroyers as well as FRAM 
destroyers, ODGs, and DLGs carry torpedoes 
in the 3-barrel Mk 32 launcher (fig. 12-2). 

The tube is usually carried amidships, It can 
be trained through a wide arc, so that torpedoes 
n1ay be fired over· either side of the s hip. Com­
pressed ai1• expels the torpedoes from the tube 
with enough force to clear the ship. These 3-
barrcl tubes have all but superseded an older 
5-barrcl tubes that used black-powder impulse 
charges to expel the torpedo. 

Sorr1e destroyer escorts are fitted "ith fixed, 
nontl'ainable tubes - usually four of the1n - lo­
cated above the inain deck with their muzzles 
extending through the sides of tbe deck house. 
Others have t"in tubes protruding tlu·ough the 
ship 's stern. 

f:>'ubmarines fire torpedoes fi•orn fixed, below­
water tubes. On fi r ing, the torpedoes are expelled 
from the tubes by hydraulic eject ion or c01n­
pressed air or they swim out under their own 
power. Spa.re torpedoes ate car ried in ready 
r acks neiu· the tubes. 

3,129(51) 
Figure 12-2. - Torpedo tube ll'lk 32. 

The torpedo is an important weapon of all 
modern destroyers. Torpedoes are the principal 
ru:n1aincnt of insny subinarines snd, under certain 
conditions, of aircraft. Torpedoes also constitute 
the payload of more advanced AS\V weapons such 
as Asroc . 

The tactical use of torpedoes has changed 
tremendously over the past few years. Their 
use in surface engagements is likely to be much 
less frequent than it was before. The outcome 
of a battle \Vil! most likely be decided before 
the eneiny is within torpedo r ange. 

On the other hand, torpedoes have become 
very important in AS\V. Jn this application they 
may be launched fro111 air, surface, or undersea 
craft to attack a submerged target even when the 
target's exact position and depth are unknown. 

AlH-ST EAl\'1 TORPEDOES 

Although the submarine- launched air-steam 
torpedo does not represent the most advsnced 
state in the art of torpedo design, it still is used 
to a limited extent throughout the fleet. The 
air-steam torpedo also is more suitable for dis­
cussion thsn are more advsnced types because 
of security reasons, 

An ai r-steam torpedo is divided into four main 
sections: head, air flask, afterbody, and tail. 
Internally, a fifth (midship) section is perma­
nently joined to the air flask section. 
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MK 14 TORPEDO 

figure 12-3 shows the Nik 14 air- steam tor­
pedo with principal contents of the main seot­
ioll$, 

• The warhead, occupying the forward 4 feet 
of the torpedo, contains high eJ-.'Piosive (HBX) 
and the exploder mechanism that detonates it. 

• The air flask section (fig, 12-4) is the 
longest part (10 feet) of the torpedo, the air 
flask itself occupying most of the section. The 
flask carries the torpedo's air supply at a 
pressure of 2800 psi. Abaft the ai r flask is the 
water compartment, and inside the water con1-
partment is s. bulkhead that di vi des the al r flask 
section from the midship section. The fuel coni­
partment is in the center of the water compart­
ment attached with brackets to the wnter compart­
ment bulkhead. 

• The midship section (fig. 12-3) contains 
a number of pipes that carry air, fuel, and 
water fron1 the air flask section to the super­
beating system in tbe afterbody. A number of 
control valves are mounted on the shell of the 
midship section. Since this section contains many 
parts that carry the hot gases of combustion, 
there are holes cut in the shell of the section 
to allow sea water to flood and cool the parts 
therein. 

• The afterbody (fig. 12-3) contains the 
torpedo's propelling and controllingmechanisms. 
These sta:"t the torpedo, generate and apply 
the power necessary to drive it from the time 

AIR i:LASK 

eAt..LA.Sr 

it is launched until it completes its run, deter­
mine the torpedo's vertical and horizontal cour­
ses, and maintain it on those courses throughout 
the run . 

• The heart of the steering n1echanism is the 
gyro. During the run, the axis of the spinning 
gyro remains rigid in space; that is, it points 
constantly in the same direction. If the torpedo 
turns off its set course, the gyro axis will 
still point in its original direction. That means 
that when the to11>edo turns off course, the &'Yro 
will be in a different position relative to the 
rest of the torpedo. The steering mechanism 
detects this difference, and sends correcting 
orders to the steering engine. The steering 
engine then turns the steering rudders, to bring 
the torpedo back on course . 

• Nlounted on the outside of the tail cone are 
four fins, or vanes, which holp to control the 
path of the torpedo d<tring its run. Located on 
the after edge of the ve1·tioal fins are the two 
steering rudders, while bOth of the horizontal 
fins are on the after edge of the two depth 
rudders. 

The torpedo propellers are mounted on the 
hollow sleeves at the end of the tail cone. 

:\1K 16 TORPEDO 

The Navy's only other air-s team toxpedo, the 
Mk 16, Is a single- speed torpedo that uses 
hydrogen peroxide (Navo!) Instead of compressed 

CO.\INF'CTOR C:'ISLE 
ANO REC~ft.CLE ASS(tt8t.Y 

CADLE 
CUTT£R 

3.126(158) 
Figure 12-3. - ~lark 14 torpedo. 
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4,62(110B) 
Figure 12-4.-Alr flask section of the Mk 14 torpedo. 

air to supply the oxygen required for com­
bustion or the fuel. Use of Navo! rather than 
air allows the Mk 16 torpedo to carry a full 
load of explosive nnd to have greater high­
speed rMge, without exceeding normal size. 

The hoad section of this torpedo is Similar 
to that described in the preceding paragraphs. 
The second or flask section contains a small 
compressed-air flask, a fuel (o.lcohol) tank, a 
water compartment, nnd a Na vol tank- the last 
completely surrounded by the water tank. The 
main engine, valves, and control devices are 
located conventionally in the midship section 
and afterllOdy. 

Tho source or the oxygen and of part of the 
wate1· for the combustion cycle of these torpedoes 
is the No.vol, which is a solution of hydrogen 
peroXide (H202) in water. Hydrogen peroXide, 
passing through a chamber containing a catalyst, 
decomposes with evolution of boat, to form water 
(steam) and oxygen. The oxygen unites with the 
fuel (alcohol) in the combustion pot, combustion 
being initiated by a conventional Igniter. The 
resulting hot gases mix "ith steam and drive 
the main-engine turbines. Part of the steam 
comes from the breakdown of the Hz02 nnd part 
from additional water from the water con1part­
ment which is sprayed into the combustion pot 
to control the te1nperature. 

By using Na.vol, the torpedoes 1·equire no 
air except (1) to force fuel, Kavol, and water 

from their storage compartments to the combls­
tion flo.Sk, (2) to drive the gyro, and {3) to 
opernt.e the steering controls. As no air is fed 
to the con1bustion pot, no nitrogen is present in 
the exhaust to rise to the surface and leave the 
customary wake. There is, howovor, a small 
amount of nonsoluble gas rosulting from the 
combustion of alcohol. This Is forced out of 
the exhaust, leaving a very small wake that is 
practically invisible except in flat, calm water. 

Some mods of the l\'Ik 16 are capable of 
" pattern-running." This means that after a 
straight run of predetermined length on a preset 
course, the torpedo runs continuously at the 
saine depth in horizontal circles of about 300 
yards ro.dius until the end of tho run or until 
it ll.its a target. A control devtco In the torpedo 
(called an enabler) can be adjusted to vary the 
length of the straight pal't of the run (this Is 
c ailed the enabling run), at the end of which the 
enabler overrides the gyro steering gear and 
causes the rudders to steer the torpedo in a 
circle or fixed diameter. The torpedo can be set 
to circle to the right or to the left, as desired. 

The pattern-running fearure makes it possible 
for the torpedo to menace other ships near 
its t11J:get, if it should miss, and is therefore 
valuable when the torpedo is used in attacks 
on convoys. 'rhe torpedo can be set to run on 
a straight course only, if desired. 

Note that pattern- running 16 not to be con­
fused with the circular or helical search pattern 
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characterlstic of homing torpedos, as discussed 
below. Pattern- running torpedoes cannot home 
on targets. Unlike homing torpedoes, pattern­
rwming torpedo exploders arm early in the 
enabling 1·un. Thoy initiate the war head charge 
either on contact with or in proximity to the 
target. 

HOl'l'llNG TORPEDOES 

Non- homing torpedoes are designed to follow 
the course set on their gyro mechanisms, seek 
the specific depth set on their depth mechanisms, 
and run in a straight line without deViating 
(pattern-running torpedoes can also run in circles) 
until they run out of power. I.( on a warshot 
they fall to find a target, they sink. 

During \Vorld \Var ll, two new features were 
introduced Into torpedo des ign. The first of 
these was electric propulsion, resulting in a 
wakeless torpedo which could not be visually 
detected from the vessel or target under attack. 
The second feature introduced completely chan­
ged the principles used to guide a torpedo, 
resulting in a "homing type" torpedo. The 
homing torpedo is guided by the sound of the 
vessel bolng attacked, or by reflected echoes. 

A homing torpedo can follow a gyro course, 
but in g<mcral this is done only to get the 
lol'pedo to the Vicinity of the target. The gyro­
cootrollcd run is then called an enabling run, 
and at the end of it the torpedo exploder is 
armed, the horning mechanism Is activated to 
search for the target, and the Influence device 
is set to function. The course taken by the 
torpedo after the enabling run Is called the 
search pattern. The pattern may be helical, 
zigzag, circular, etc . It may Include a fixed 
depth zone, or Lhe torpedo may search fro1n bot­
tom to s urface and back to bottom again. w11en 
the homing mechunism detocts a target, the 
torpedo goes into its thi rd stage of funotioning­
homing. It chases the targot, and when It has 
come "ithlo effective range of the target, the 
influence mechanism operates the ei--ploder to set 
off the main charge. 

For security reasons, no homing torpedo 
can be discussed in detail here . \Ve can only 
briefly discuss their principles. 

At present, homing torpedoes are iicoustic 
(operated by sound). In general, they are of two 
types -active and passive. 

The active acoustic torpedo is not dependent 
upon the sound emitted from the target for its 

homing Information. The torpedo ltscll generates 
and transmits the acoustic energy which is 
essential to its self- directing action. This energy, 
whlch has a fixed, controlled frequency and 
beam width, Is reflected by the target in the 
same 1nanner o.s sonar. The torpedo l s designed 
to steor on a reflected echo, not on noises 
created by the target. The echo, after being 
received, is converted into electrical signals 
which control the operation of the rudder and 
elevator control surfaces, causing the torpedo 
to home on the target. 

The passive acoustic torpedo homes on the 
noise emitted from the target. This noise, after 
being received by the torpedo, is converted 
into electrical signals which control the operation 
of the l'lldder and elevator control surfaces to steer 
the tor pedo In the direction of the noise source. 

The passive torpedo is effective only against 
targets which create or emit noise. It cnn often 
be evaded by the use of simple noisen1aker type 
countermeasures which are used purposely to 
mislead or misdirect it. The target can also 
reduso Its speed, or stop, in order to present 
a negligible noise source. 

The homing torpedo has the same safety de­
'ices as tlle air-steam type. Its exploder is 
ar1ned both mechanically and electrically, and 
remains safo until the torpedo has traveled a 
safe distance from the firing ship. The homing 
mechanism also has an arming feature, thatkeeps 
it inoperable (with tho torpedo on a gyro course) 
until the torpedo has traveled Uu·ough a preset 
enabling run distance . One or more additional 
safety features not found in nonhomlng torpedoes 
are present In all homing torpedoes. 

Homing torpedoes, almost without exception, 
are poworod by electric motors and battorios. In 
shape and external appearance they are quite 
sim ilar to the nonhomlng torpedoes already 
described. .Most types are somewhat smaller 
than air- steam torpedoes, in length, diameter, 
or both. And several types have a single pro­
peller, rather than two. 

Homing torpedoes may be launched with or 
"i thout torpedo tubes. Many homing torpedoes are 
electrically set; others are preset (I.e., they are 
dropped in the vicinity of the target, seek the 
depth set in advance, and go Into the preset 
search pattern without going through the enabling 
run stage). 
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The following are br•ief descriptions of homing 
torpedoes currently in service: 

• The Mk 37 torpedo is electr ically con­
trolled and propelled two-speed torpedo 'Ni th 
an active-passive acoustic homing system. This 
torpedo, launched from submar•inesor destroyer s, 
is effective against either surface or submarine 
targets. It is launched fro1n above water tubes 
as an air-ejected torpedo or fro1n submerged 
tubes as a swim-out torpedo. Some mods are 
wire guided, rnaking them invulnerable to sever al 
enemy countermeasures. 

• The Mk 44 torpedo is an electric ally 
controlled and electrically propelled antisubmar­
ine weapon, with an active acoustic homing system. 
The torpedo can be launched from surface craft 
or aircraft and is the torpedo payload for Asroc 
(see chapter 13). 

The torpedo is designed to attack submerged 
submarines tr aveling at moderate speeds. After 
enabling, the torpedo searches for a target by 
active acoustic ineans whHe inaneuvering in a 
helical path. Echoes from the target c ause the 
torpedo to steer toward the target until contact 
is n1ade. If the torpedo loses the target , it 
searches for a short tin1c in the general direction 
in which i t is traveling and, if unsuccessful in 
relocating the target , r esumes a helical search. 

The acoustic homing system of the torpedo 
also has a passive feature that allows the torpedo 
to respond to an acoustic noise source whose 
fre4uency level is wi thin the sensiti,ity range 
of the receiver·. During the torpedo's normal 
search pattern, passive homing on a target noise 
source aids in target acquisition, increasing 
the attack capabilities of the weapon. 

• Torpedo Mk 45 is the torpedo payload for 
Astor (antisubmarine torpedo), which also is con­
figured to carry a nuclear warhead. Electrically 
powered, it may be set for s traight runs, 01· it 
can be v.i re guided against sulnnarines or surface 
ships. Astor can be launched by all nuclear and 
son1c conventional (hunter -killer) submarines. 

• The il'lk 46 torpedo originally was to have 
been the successor to the Mk 44. The principal 
difference between the two is the improved 
propulsive power of the Mk 46, which gives it 
greater ~peed, range, and depth capabilities. 

TORPBDO TUJ3ES 

Torpedo tubes serve the follo\\1ng purposes: 

l. House and protect the torpedo (including 
heating in cold weather) until the instant of 
firing. 

2. Provide means for setting torpedo gyro 
angle, r unning depth, etc., as necessary, up to 
the instant of firing. 

3. Expel the torpedo "ith sufficient force to 
clear the firing ship, and with such velocity and 
direction that it will r emain on its firing course 
until i ts engine develops enough power for self­
propulsion. 

4. As expulsion starts, tl'igger the· torpedo 
so as to start its engine and gyro. 

These functions apply to submarine tubes as 
well as above-water tubes. Since, however, the 
forincr inust also serve as pressure members 
of the ship's hull, they incorporate additional 
features which are beyond the scope of this 
te:-.i. 

SURF ACE TUBE5 

Above-water tubes may be classed as train­
able or fixed. Functionally their performance 
is similar, but there ru:e structural differences. 
Fixed tubes are u~-ually mounted so that their 
n1uzzles protrude through a bulkhead or some 
part of the ship's hull. Trainable tubes require 
large clear deck areas, and in all ships that 
carry torpedoes they iu-e n1ounted topside in 
son1c such location as the weather deck. From 
this location torpedoes can be fired through 
litnited arcs of tr ain on both sides of the ship. 

During World \Var II standard destroyer­
type ship arman1ent included one or two quin­
!Alple (5-barrel) torpedo tubes. A black-powder 
impulse charge was used to e:xpel the torpedo 
from the tube in launching. \Vith all tubes loaded, 
the vessel had 10 torpedoes, plus spares. The 
torpedoes were all of the conventional air-steam 
type described ew·lier in this chapter, normally 
had impact exploders, and were fired either 
singly or in salvo against targets. Homing tor­
pedoes, then in an early stage of development, 
were not a standard part of destroyer armament, 
and the use of homing torpedoes by surface 
cr aft against sub1nerged submarines was not 
a standard part of U.S. naval doctrine. 

Beginnil'.g late in World War I! and continuing 
thereafter, this arrange1nent of deck-mounted 
quintuple tubes becan1e obsolescent. One cause 
of this was the need for increased AA a.rma-
111ent, which put n premium on topside deck space. 
After \Vorld \Var II, destroyer-type ships were 
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fitted with but one quintuple tube n1ount, and 
the convtmtional torpedo load was reduced from 
10 to 5. At tho same time, newer designs for 
destroyer and escort craft had torpedo tubes 
mounted in above-water locations other than the 
weather deck. In such locations, the tubes had 
to be housed and fixed (i.e., nontrainable) . 

\\lith fixed tubes, greater gyro angles must be 
used in firing than from trainable tubes; and, 
since torpedoes tend to depart more widely fro1n 
their predicted courses when fired with large 
than v.~th small gyro angles , this is a dis­
advantage. Also, tubes must be ciu•ried on both 
sides of the ship. However, the weight advantage 
gained by eliminating the t r aining gear, pivots , 
etc., ptovides a partisl compensation. The in­
terior location permits all tubes to be located 
in the same compartment of the ship, in which 
reload torpedoes and quick- reloading gear may 
also be carried. The newer tube designs use 
compressed al.r Instead of impulse charges to 
fire the torpedoes, and are usually fitted "ith 
electrical accessories necessary for £iring elec­
trically-set torpedoes, Including homing types. 
With the advent of the homing torpedo, the role of 
the surface-launched torpedo began shifting from 
surface targets to submerged targets. Today, 
torpedoes and their l aunchers are primarily 
designed for use against submarines. 

Fib'Ure 12-5 represents a single- barrel, fixed­
type, non-trainable torpedo tube designed to 1nount 
singly or in groups of two or more on e11ch 
side of a s hip. Tho tubes, constructed of a 
light-weight alun11num alloy, are mounted ath­
wartship within the superstructure, with muzzles 
extending through the sides of the deck house. 
The torpedoes are ejected by a blast of com-

FIRING VAL VI: \ 

INTlRLOOC HANDLE ~ 

MUZZLEDOOR 

HANDLE--~·..-: 

BREECH DOOR _./ 

! SOLENOID VALV£ 

pressed 11.ir. The tubes are suitable for Launching 
only torpedoes having electrically set torpedo 
controls. They were designed to launch 21-!nch 
torpedoes, although adapter rings have been 
supplied to permit launching a 19-inch diameter 
torpedo. 

There are several versions of the Mk 32 
trainable torpedo tube assembly (fig. 12-2). 
One version is designed to operate with com­
pressed air fr01n the ship's supply; another 
uses an air bottle and is instnlled on craft 
that have no other air supply available. Those 
two are otherwise similar, and arc designed 
for mounting on the weather deck. 

Each tube asse111bly consists of three sepo rate 
and independently operated barrel, mounted on a 
common training gea1·. The barrels and training 
gear are equipped with thermostatically controlled 
electric heating units for cold weather operatlon. 
i::ach barrel is fired independently, usuolly hy 
an electric firing circuit, although manuol firing 
Is possible for emergencies. The mount can be 
trnlned through 190° by manually cranking a 
worm that engages a worm gear. 

The barrels are arranged in u trltuigulu.r 
group, with a pair below surmounted lJ;• the 
third above and between them as shown in 
figure 12-2. i::nch barrel is fabricated of Fiber­
glas reinforced plastic. The breech n1echanisn1 
cove"s one end of the tube, nnd U1e muizle 
cover is at the other end. Along the top surface 
of the tube are two access openings (called the 
large and small cover assc1nblies) -one towurd 
the muzzle, the other toward the breech. The 
openings are used for attaching lanyards to the 
tube for starting the torpedo and for enabling 
the exploder to arm. The electrical plug used to 

AIR IMP\JLSE TANK 
TORPEOO STOP MECHANISM 

110.118 
Figure 12-5. - Fixed above- water torpedo tube. 
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110.160 
Figure 12-6.-Mk 65 torpedo tube bow nest. 

set signals into the torpedo before l atmching is 
located under the brcechward cover. 

The inuzzle cover is a Fiberglas reinfo rced 
plastic asse1nbly with a rubber ring which helps 
to lock the cover closed. The breech 1ncchanis1n 
consists pi·incipally of a r ubher-lined reinforced 
f'ibo1·glas plastic air· flask with controls. v<ilves, 
and fittings on i t. It is l)Olted in place. The 
tubes are loaded th1·ough the breech end. The 
firing Val\l'e in the breech mechanism releases 
a blast of compressed air into the after end of 
the lube to eject tho torpedo. 

A waterproof almninmn control !)Ox contains 
tho solenoid-actuated al r valve which controls 
firing. Buttons protruding front the after side 
of the box provide for el tiler electrical or 
inanual actuation of tho v!ll.ve. A junction box 
houses the connection between the ship's supply 
iutd the electrical heating systems of the barrel s 
and t r aining gear. 

Current mods of the Mk 32 launcher a.re 
designed to handle the latest hoining torpedoes. 
A mmtrainable version of the ?Ilk 32 consist$ of 

two ba.l"r·els, one over the other, and is installed 
in a deckhouse with themuzzleseKtendlngthrough 
the bulkhead. 

SUBM!::HGED TUBES 

Submarines fire torpedoes frorn fixed tubes 
located in the bow, both bow and stern, or 
am\dsllips. 

Older tubes ejected weapons pneumatically 
by rn<'lans of compressed air. Newer tubes utilize 
hydr aulic ejection- launching hy ineans of a 
charge of water . The latter method results in a 
quieter and bubbleless ejection. 

Cornponent pnrts of submexged tubes are 
basiC!tlly the sa1ne as suxface tubes. There axe 
differences, of course, in tube function and 
operation, For purposes of discussion, this brief 
coverage will be confined to the !vJI< 65 bow tubes. 

flow tu bes are referred to as the bow nest. 
The Mk 65 in~t!ll.lation consists of four tubes in 
two vertical banks (as in fig. 12-6), one port 
and one stai·board of, and parallel to, the ship's 
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110,161 
l:'igu1·e J 2-7. - l:l1ethod of ejecting a submerged torpedo. 

centerline. Each tube ciui be loaded, flooded, 
fired (locally or re111otely), and drained separately 
fr01n the others. The tubespenctratethepressure 
hull at an angle of 10• froni the centerline. 
Weapons can be launched while the submarine is 
either sulm1erged or surfaced. 

In addition to the usual tube features such 
as barrel, breech door, and niuzzlc door, a sub­
merged tube has Lhe followi ng basic cmnponents: 
(1) 'vater 'round torpedo (\VRT) tank, ( 2) blow­
and vent air connections to the tube and \VRT tank, 
and (3) flood-and-drain water connections to the 
tube and \VRT tank. 

Rather than dwell on specific tube charac­
teristics, follo"ing is a simplified version of what 
happens to a submerged torpedo tube during 
basic operations of loading, flooding, ejection, 
and draining. l\o attempt is made to include a 
technical description of lhe functions of the 
assorted valves, interlocks, nnd other con!.rols 
that ni·~st be operated. 

1. Loading: Before a tube is loaded, it is 
checked to be sure it is vented (vent valve 
open to permit escape of air) and free of water . 
The breo:ch door is then opened by hand and the 

torpedo is moved froni handling tray into tube. 
The breech door is shut and locked, The ejection 
pump sea valve is opened (to u.drnit sea watel' to 
the ejection pw11p water cylinder), !U1d t.he im:Jluse 
flask is charged with compressed uir·. 

2. Flooding: Aftet· loading, wr1te1' is blown 
from the \\IRT tank through an open Oood-311d­
drain valve into the vented tube until the tuhe is 
flooded. Tube pressure and sea pressure are 
then equalized und the mu"·zle door opened, The 
tube now is ready for firing (ejecti<)n). 

3. Firing: Firing (fig. 12-7) causes the firing 
valve to open, admitting co1npressed air from 
the impulse flask into the ejection pwnp air 
cylinder, forcing the ram aft. The piston on the 
seaward end of the ram forces water into the 
tube abaft the torpedo, \VatcJ' pressure then 
forces the torpedo out tho tube muzzle Md the 
ran1 returns to batte1•y. 

4. Draining: After firing, t-he muzzle door is 
shut and water in tile tube is blown ( or drained 
by gravity) through the tube dr!tln valve to the 
\VRT tank. The tube then is vented. 
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56.2 
Figure 12-8. -Confcdcrate harbor mine. 

)!DIES 

Tho Dutch broke the Spartish Blockade of 
Antwerp in 1585 with what was probably the l'i rst 
floating mine. They co.lied it an " explosive 
vessel." It was no more than an old ship loaded 
with gunpowder nnd lgnlted by a elockwork­
opersted flintlock. The British, with the largest 
fleet In the world at the tin1e, were the first to 
suffer casualties by the first real mine that 
wus used. 

Ou ring the Ameri<.:un Revolution David Bush­
ne::ll ntte1npted to break the l.lr itish blockade of 
the Delnware Hivcr at Philadelphia with floating 
kegs filled with gunpowder and equipped with 
contoel-firing devices. 

rtolJcrt Fulton also contributed to mine war­
fare by proving that a ship has little resistance 
to an underwater explosion. By the time the 
Amerieun Civil \Vnr canie along, 1n incs were 
considered a prilne naval weapon. Dur ing this 
wnr, 27 Union ships wer·e sunk by mint:S while 
only 9 were destroyed by gunfire. Figure 12-8 
shows a Confederate mine. /\t the entrance of 
:11obile Bay, Admiral Farragut shouted, "Damn 
the torpedoes-full steani ahead!" He was re­
fei-ring to what we now know as mlnes, not 
torpedoes. 

MlneH were considered only ndefensiv() weapon 
until the Russo-J upancse \Var of 1904. The 

. . . 
-+----,!.____ 

' / 
I 

56.3 
Figure 12-9. -\Vorld \Var I mine and North Sea 

barrage. 

Japanese almost destroye<I tho entire Hussian 
fleet by luring them into mined waters. This 
development opened up a new use for mines, 
although It was not until \Vorld \Var I that 
offensive use of 1nines canie into being. 

During World \Var l, tbo allies bottled up 
the German 'U-boats in the North Sea by laying 
:< minefield from ScoUand to Norway (fig. 12-9). 
This allowed the allies to use Atlantic shipping 
routes ln comparative safeLy. Contrar y to popu­
lar belief, there were more ships sunk by rnines 
than by torpedoes and gunfire combined during 
\Vodd \Var I. 

After \Vorld \Vax I there wns a sl\unp in 
n1ine warfare development. During the period 
between the two world wars, new mines were 
designed but not developed to any great extent. 
At the outbreak of \Vorld \Var It the Germans 
used a magnetic mine very successfully. Our 
n1agnetie mechanisms were so crude that we 
copied a Gerinan device which the Ilt' itish had 
taken from n captured mine. Since 1940, n1ines 
bave developed into very complex weapons that 
have several n1ethods of planting and several 
ways of being detonated . 

Again In \Vorld \Var TI, during Operation 
Starvation (the blockading of Jnpan). mines sank 
more enemy ships than all oUier typcsofweapons 
combined. This ope1·atio11 was so successful that 
it almost s topped Japanc~c shipping completaly. 
A side effect of this was tho.t civilian moralo 
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56,4 
Figure 12-1 O. - Surf ace-craft-planted ntines. 

was broken because J apun could not in1port 
enough food, This was the United States ' largest 
and 1nost successful use of offensive mining, 

Probably for this reason, mine developinent 
has not slackened as it did after World War l. 
Tbis makes it difficult to keep up "ith the 
development of new mines and modifications to 
the old ones, A detroled discussion of the various 
mine niiu·ks and mods used today is beyond the 
scope of tbi s unclassified tei-i. 

MINE CLASS11"1CAT10N 

Ivlines are classified by types according to 
(1) the method of planting, (2) the ininc's posi­
tion in the water, and ( 3) the 1nethod of actuation 
(firing), 

Classification hy .:v1ethod 
of Planting 

Method of planting 111eans the method by which 
niines are put into the water . There are three 
classifications of mine according to methods of 
planting: (1) surface-craft-planted, (2) subn1a­
rine-plunted, (3) uircraft- planted. 

Mines cnn be planted by surface craft (fig. 
12-10) when secrecy is not of printe importance. 
High speed niinelayers are usually used to do 
the job. A n1inelayer can carry a large nun1ber 
of mines, and can lay a l ar·ge minefield in a 
relatively short tin1e. Presently, lhe Nary has 
no 1ninelayers i n coinmissioncd service. In case 
of war, however, these ships could be reacti­
vated in n short time. 
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Submarine-planted mines (fig. 12-1 1) have an 
advantage over surface-craft- planted mines in 
that the mining operation can be accomplished 
w;th great secrecy, and nt great distances from 
home ports. One of their disadvantages is that 
once an area has been mined, it must be avoided 
for lhe armed life of the mii:es. Therefore 
submarines cannot repeatedly mine the same 
area. 

Aircraft-planted mines may be carried on lhe 
aircraft internnlly or ci--tornally, like bombs or 
torpedoes. Ait'C t•o.ft can carry n1ines into enemy­
held areas, and the field can be replenished over 
a long period of U1ne without danger fro1n pre­
viously planted mines. There can be no secrecy 
in planting this type of mine, but aircraft can 
plant mines in enemy- held shallow coastal waters 
that cannot be mined by other means. Blockading 
of enemy shipping lanes can be very effectively 
accomplished by this type of mining. 

Although each mine is designed for planting 
by a particular method, and is so identified, 
ai1·craft- and submo.rine- plante<I mines may also 
be planted by surface craft when appropriate 
adaptations have been made, For li1nited opera­
tions, almost any ship or boat can be adapted 
to plant 1nines. This fleXibilily makes all t·ypes 
of mines av!l.llo.ble for ~urfnce planting. 

Classificution by Position 
in the \'Inter 

lly their position in the water, rnines may be 
divided into two categories - moored and bottom. 

The moored tnine (fig. 12-12) has a bouyant 
case containing an explosive charge. The case 
is kepl nl a predetermined depth by a chain or 
cable attached to an anchor. This type mine may 
have either a contact..- or influence-firing mechan­
ism. Its n1ain disadvantage is that it may bo 
cleared "1th comparative ease by mechanical 
minesweeping gear . (It was for this r·eason that 
the bottom mine was developed.) The two most 
important advantoges of the moored mine are: 
(1) it cnn be moored close to the s urface so 
that it will be uctuatccl by any s hip or boat, 
no rnatter· how ~mall, that penetrates the rttine­
fie!d, and (2) it may be planted in waters that 
are two deep for bottom mines, s ince the case 
of a moored n1ine assum·~s a position some 
distance fron1 the bottom. The maximum depth 
of water in which a moored mine can be planted 
is limited by the downward pull on the case 
caused by the weight of the cable and by lhe 
drag of tides and currents , 

The bottom mine (fig. 12-13) is bold on the 
ocean's bottom by its own weight. It can be 
plnnled by surface craft, submarines, and air­
craft; but normally surface craft :u·e not utilized 
to plant bottom mines. This type o( mine gene­
rally is not effective against surface ships 
when planted in waters more than 30 fathoms 
deep. They may be planted in deeper water, 
howc\•er, as antisubmarine weupons. J.lecause 
this type of mine lies on the bottom, the enemy 
must use costly mineswecpiug gear to dotoct 
them . Also, the botton1 n1ine i s more difficult 
to detect with locating gear Uian the moored 
mine, especially when it Iles in soft ll\ud or on 
o. densely growth- covered bottoni . 

Classification by l'>lethod 
of Actuation 

The third way of classifying mines Is by the 
type of iiring mechanism or device used to act­
uate them. The classification is subdivided Into 
(l) conlacl and (2) influence mines. 

CO:-ITACT l'>HNES. - Contact niines are fired 
by actual contact of the mine case or its attach­
tnents with the hull of a ship 01· nny such target. 
Typical contnct-firing devices arc switch horns, 
inerti a switches, tension-firing mechanisms, and 
galvanic action or che1nical horns. 

When the switch hor u comes in contact v.1th 
n ship , it mechnnically closes, fi ri ng the mine. 
An inertia s"itch also closes n switch when Uie 
ship contacts the mine. /\ tension-firing mech­
anism is used only In a mine that destroys 
enemy sweep gear and fires the mine when the 
sweep cable pulls up against It. The galvanic 
action type operates on the principle o( the wet 
cell battery. A steel ship comes In contact 
with a horn or antenna on the mine, forming 
a sen cell. The weak current from this sea 
cell goes to the firing mcchs.nisn1, inilinting 
the firing of the mine. 

The chemical horn also ope rates on the wet 
c1:1ll l>attcry principle. \Vhen a horn Is bent, a 
vial Is broken releasing acid to a wet cell 
battery. The current from th.is baUe1·y fh·es the 
mine. 

INFLUEXCE MINES. - Influence mines arc 
1nuch more complex than contact mines. They 
are fired by the close approach or passing of 
a ship. Bottom mines arc of the influence type. 
This type uses several different means of act­
untion. it may be actuated by (1) sensitivity to 
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Figure 12- 11. - Submarinc-plun~ed mines. 
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Mint it Lounched. 
A 

• • • • 

Mint Floot1 
For 6to 10 S.conda. 

B ' 
Plummet Falls. 

c • 

Plummet Sheor1 
Pin,ond Co5t 

* ......._ ond Anchor 
..__...._..>!uy-'~r;,•;,.,··"~._ _ _.t...__Ji~i.JJ.' St~rote . 

... 
Anchor Sinks Anchor Continues Anchor Rests 
O'ld Pays Off to Sink and Pulls on Bottom 

Moor ln9 Coble Until Cose ~low Surfoct with Cost 
Plumrn.t t Strikes Bottom, a.s Upper Antenna and Upper 

LockinQ Coble Orum. Strtom1 Out. Antenna in 
Position. 

F G E 

3.133 
Figure 12-12. - Sequence of operations in planting a }lk 6 moored mine. 

the target ship 's mngnetic fie ld, (2) by sensi­
tivity to the ship 's underwater sound, or (3) 
by scnsltl vlly to the reduction or water pressure 
around the mine caused by the pnsslng of a ship. 
\Ve havo 111in1:>s which may use only one of the 
a\Jove means of actuation, but we also have 
mines which use a combination of all three. 
The influence mines have a larger target '"idlh, 
and arc much harder for the enemy to sweep 
than the contact mines. Jn fact, wllhcombinations 
of firing mechanisms, the influence mine can be 
made almost impo:;sihle to destroy with mine­
sweeping gear . 1\ brief discussion of the differ ­
ent typos of influence ll)incs follows. 

Magnetic Mines. - The n1agnetic mine is act­
uated by a change in the earth's magnetic field 
surrounding it. A steel ship Intensifies the 
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earth's normal magnetic field . This c hange ln 
magnitude or direction of tho field, if i n the 
proper sequence, will actuate tho firing mech­
anism. The 1nagnetic firing mcchani::>m is of the 
mngneuc Induction type. 

The magnetic induction mechanism operates 
on the change of magnetic field of the mine. ·rhis 
mechanism depends primarily on the rate at 
which the field intensity changes, rather than oo 
the amount of change. A sml\ll current Is In· 
duccd In a coil by the changing field . If suffi· 
ciont potential is developed, a reln.y is actuated, 
closing the fi ring circuit. This type or n1ech­
anis m ls used in bottom mines , In areas where 
ships are u11der way at normal speeds. 

Acoustic :\lines.- The acoustic mine operates 
on the noise produced by a ship 's propeller(s), 
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56.9.1 
Figure 12-13, -J3otto1n 1nine. 

engines, and hull. A micr ophone converts these 
sound vibr ations into electrical impulses, which 
are fed Into an amplifier'. The nlechanism will 
actuate only when it r eceives souncl iinpulses 
of proper intensity, rate of change of intensity, 
frequency, and duration, If the noise does not 
meet the above specifications the 1nechanism 
\\111 not actuate, thus protecting the mine from 
random underwater noises. This mechanism, like 
the n1agnetic i nduction mechanism, is used in 
bottom inines . 

Pressure l\'Iines. - This mine 's firing mech­
anism is actuated by the change in water pressure 
caused by a moving ship. A passing s hip n10-
mentarily increases the pressure as the s hip's 
bow wave passes. This increase is followed 
by a reduction in pressur·e for a sustained 
period (flg. 12-14). Contrary to popular belief, 
it is tltis reduced pressure, rathet tl1anincreased 
pressure, that operates the mechanism. This 
mechanisn1 is used only in botton1 mines, Md 
only in areas where ships are under way nt 
normal speeds. The pressure mechanis1n is pro­
bably the most difficult to sweep. 
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SHIP'S PRESSURE SIGNA. TURE 

56.7 
Fii.,>ure 12-14. - Pressure signature. 

Con1bination Mines, - J\ combination ofmech­
anis ins i1nproves the usefulness of a mine in that 
it is less likely to be actuated by false targets. 
Als o it rnnkes the mines harder to sweep. For 
the mine to fire, all the i ncorporated fir·ing 
mechanisms have to he actuated witltin a speci­
fic ti1ne limit, The first mine of this type 
was pressure-rnagnetic, It W!I.'> first used as 
a,.., airer aft- planted bottom mine and later as a 
suhn1arine-laicl bottom mine. We now have mines 
that use a con1bination of all tl1ree types of 
firing rnechanisins at one time. Once again, 
this i1nproveinent makes inines of this type 
aln1ost ilnpossible for the enemy to "'weep. 

LIFE CYCLE OF MINES 

The life cycle of a rnine follows the snrne 
pattern as that of a living tlting, It can be said 
that a 1nine is bor n when it is planted, a.nd lives 
for the a.rn1ed life set for it. It dies when it is 
exploded, or when it is rendered safe by the 
sterilizer device. Because inuch of the life 
cycle is the same for all mines, only one contact 
type ancl one influence type will be discussc.xl. 
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The Mk 6 surface-craft-planted, moored, 
contact mine is carried on the launching ro.ils of 
the planting ship (Hg. 12-10). on wheels attached 
to the mine anchor. After the area to be mined 
is l'enched, shipping safety features are removed 
from the mine , \Vhcn the order is received to 
plant a mine, the launching crew rolls a mine 
of! the stern of the ship, After the mine is in 
the water, its case and anchor scpnrnte, as in 
figure 12- 12. The anchor sinks to the bottom, 
and the case finds Its mooring depth . /\t this 
ti1nc the mine cannot bo detonated, because of 
safety features designed to protect the planting 
vessel. After a predetermined time the mine is 
armed, and will blow up when any ship comes in 
conta.ct with it. Mines are designed to render 
themselves safe after the usefulness of the 
minefield has lapsed. This safety feature is 
necessary because it is unlikely that all of the 
1nlnos in n field will be actuated by enemy 
ships, and we rnny lo.ter want to use the an:a 
for Out· own ships. 

An influence n1i11e Is mounted on or in nn 
airplane at its homo bo.se. At the proper time 
the plane will carry the mine to the area to 
be mined, and drop it o.s it would 11 bomb. The 
mine has a parachute ntto.ched which slows It as 
it (l!'ops. When the mine hi ls the water . the para­
chute sep:u·ates from the case, and both case 
and par·achute sink to the l.>ottom. The delay arniing 
safety features start operating to a.rm the mine. 
Like tho contact mine, this mine can be actuated 
by any ship, but in the case of influence mines, 
the ship has to meet certain specifico.tlons to 
actuate the firing mechanism. 

MAJ011 MINE C01'!PONP.NTS 

The major co1nponents of a mine are the 
case, the cll.-plosive fillor, the anchor (if one is 
used), and the firing mechanism with its acces­
sories. 

The mine case provides a watertight com­
partment fo1· the main charge and the firing sys­
tem. T ho bursting charge occupies the main 
compartment, and in bctto1n mines will fi ll most 
of It. Jn rnoored mines, the case must bo large 
enough to provide air spnce for buoyancy. Smaller 
compartments in tho cnse house and secure 
the batteries, firing mechanism, and accessories. 

Mine cases are usually made of steel, but a 
nonfe1·rous metal is required when certain ln­
fluenot.: {iring m.~chanisrns are to be used. 

Anchol·s for various rnoored mines no.turo.lly 
differ In :>ize, shape, nnd rnethod of operation. 
All nlust be capable oC mooring the mine ut a 

preset depth below the surface. For case in 
handling, the anchor is assembled integrally 
with the case. 

The operation of the ancho1· asse1nblies dur­
ing plnnting of a typicn.l moored mine is il­
lustrated In fii,"tlre 12-12. Note that tllis surfaec­
laid assembly has a net posltlvi: buoyancy until 
the case and anchor are separated, flooding the 
anchor. Conversely, aircraft-planted or !>-ubma­
r ine- planted assemblies, which are employed in 
offensive mining operations In enemy waters, 
have a net negative buoyancy nnd neve1· reach the 
surface after planting. 

Most of the standard naval 1nine cases will 
accommodate a choice of explosive fillers and a 
choice of the vru·ious firing systems and ac­
cessories. Because of this, the mark designation 
of the mine usually applies only to the assembled 
case and anchor . On the other hand, a specific 
rnodificnt!on of a production mine usually dcslg­
nntes Its explosive filler, firing :>ystenis, acces­
sories, and the special features which udapt tills 
mine to surface, submarine, or aircraft planting. 

:\IAJOH !.\111\E ACCESSORIES 

Mines utilize many separate units to increuse 
their effectiveness. So1ne oI these accessories 
are safety devices; others in<:r-ense the efficiency 
of the planted rnine. A few of the more important 
mine accessories are defined briefly in the follow­
ing parngrnphs. 

1. The EXTF..l>.'TIER mechanism is a hydro­
staticslly ope1·nted device used to hold the mine 
detonator a safe distance from the booster chargo 
until the mine has been pl!111ted. 

2. HYDROSTATIC S\\llTCHES are used to 
close electric contacts by rneans of hyclrostat1c 
pressure working ~nst spring pressure. 

3, The 1\RMING DEVICE Is an extender and 
hydrostatic switch assembly which aligns nn 
explosive train und operates ele<:trical contacts 
when subjected to hydrostatic pressure. 

4. The CLOCK STAHTF.R tncchanism is a 
hydrostatically operated device used to start lhe 
clock delay mechanisms when the mine sinks to 
a preset depth. 

5. CLOCK DEL/\ Y mechanisn1s delay the 
arming of the mine for a. pt·eset time after 
planting. Th1s allows the planting croft timo to 
plant n large n1inefield before the mines become 
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dangerous. Clock delays are also used to stag­
ger lhe arm~ng of ntlnes in a field to improve 
its effectiveness. Clock delay mechanisms are 
of two baste types: hand wound and motor wound. 
Hand-wound clocks may be set to provide a 
delay ln arming of 1/2 to 10 days; motor-wound 
clocks provide a delay of 3 to 100 days. 

6. The ST ERILIZER mechanism is used to 
limit the ar1ned life of a mine to u predeter­
mined lim9. It renders the 1ninc Inoperative by 
shorting out the battery, or in some cases by 
opening the detonator circuit. 

7. BATTERIES used in mines are of the 
dry cell type . l>uch is composed of ~everal 
cells arranged in a waterproof container. The 
batteries provide the required voltages and cur­
rent to operu.te the 1nine accessories and the 
firing systen1 to fire the detonator ut the pro­
per time. 

S. The ACTUATION COUNTC:R (son1eti1nes 
called o. sl\J.p's eliminator or ship's counter) is 
designed to delay firing the detonator until the 
firing mechanism bas completed its operation 
a predetermined numxr of times. 

9. SEARCH COILS a.re used in 1nagnetic 
induction mines to detect changes in the earth' s 
magnetic Cield a.eound the n1ine. 

10. The ll'llCHOPllON E 01• HYDROPHONE con­
tains a crystal which changes sound energy 
into electrical energy to actuate the acoustic 
firing mechanlsn1. 

11. CO~'l'HOL IlOX is a device which per­
forms switching and timing functions. It ensures 
that certain requirements are met before the 
mine will fire. 

12. SENSITIVITY S\VfTCHES arc provided 
to adjust the sensitivity of the firing mechanism 
of amino for be~ t use against an Intended target . 

13. HYDROSTATIC RELC:ASES aremechon­
isms usod to r·elense a dovi.ce from a mine, or 
to separate two cables at a predetemlned depth. 

14. P,\RACUUT I:: PACKS are met!ll or plas­
tic-and-canvas containers holding a parachute 
which is used to reduce the Impact velocity 
of an aircraft-htld mine when it enters the water. 
This protects other mine accessories from dam­
age that would result if the mine were allowed 
to l:.Ul freely and strike the water at high 
speed. 

'tY PES OF ll'llN !!:FIELDS 

The subject of minefields is a very exten­
sive one, and space is not available ln this text 
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to cover It fully. :More detailed information can 
be found in the current edition of NWP 26. 

A m'nc is designed to do the so.me job as a 
gun projectile or torpedo. The big difference 
is that mines are rarely used one at a time; a 
gi·oup of mines is used to mnko up a n1inefield. 
The two 111uin purposes of these fields are firat, 
to destroy or disl·upt ene1ny shipping- bothcon1-
batnnt and noncombatant; and second, to protect 
United States and Allied shipping o.nd Allied 
controlled territories. 

The type of field in which mines are planted 
is dictated by the prevailing situation. Thecholce 
of field type Is an application of the potenti!llities 
of mines nnd planters to the problems which the 
situation presents. 

Minefields inay be divided acoo1·ding to pu1·­
posc l nto two broad groups-de(ensi\'e and o:f­
fensl ve- w!th variations to mnke U1em inore 
effective. 

Defensive Minefield 

A defensive minefield is similar to a defen­
sive football team in that they boti1 try to hold 
back the opposition .. O.lthough defensive n1ining 
usually attempts to keep the enc111y guessing at 
all ti mes, in some cases the field ls well ad­
verti sed. Thi:; adds to the cffoctl\•eness of the 
field , because the enemy n1ay decide ugainst 
entering lhese waters due to the potential danger. 
The area may still be utili1.ed by our forces 
and Allies provided \\ith charts Sho\\-iog the 
mine- free navigable channels. Some of the SpeCi­
fic ways In which mines may be used dcfcnl>ively 
are as follows: 

1. In l a.rge harbors and anchorage:; for pe1·-
1nanent harbor defense. 

2. To protecl advance bnse ru1choragc:;. 
3. To protect asse1nbly pcin~s for convoys. 
4. To protect coastal shipping Innes from 

seaward attack. 
5. AS a submarine trap. 
6. As anti- invasion fields. 

Offensl vo :\'llnefie!d 

The offensive minefield- In keeping with our 
analogy-can be co1npared with a footl.mll team 
on the offensive; they both take the action to 
the opponent. These fields arc planted in enemy­
held or disputed waterstodisruptcnen1y shipping. 
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Offensive minefields do this by destroying or 
damaging the enemy's ships, or by making are:!S 
unusable because the tltrent of losses Is so great. 

Offcnsi ve fields arc bubdi vlded into two 
groups-uncounte red attrition and countered at­
trition on field~ . Uncountorod fields :u·e those 
which the enemy is not expected to counter by 
mi ncsweeping or hunting, Md which arc intended 
prim9rily to cause damage to enemy ships. 
Countered attrition fields ai·e of two types: 
transitory iields and sustained attrition fields. 

TRAl\SITORY ATTRITION FIELOS.-Trans­
itory attrition fields are small, secretly planted 
fields l aid In an area In which traffic is suf­
ficient to give a reasonable probability of a 
casualty. From the meanlng of tram;it.ory, 
obviously this field is designed to last only a 
s hort time , The field can be swept easily or 
avoided by the enemy, and mines that are de­
stroyed nre usually not replaced. 

SUSTAINED ATTRITION FIELDS. -Sustained 
attrition fields arc laid where they cannot be 
easily avoided by enemy traffic . They are main­
tai ned for a prolonged period of time by r e­
placing mines which have been blown up. If 
the c as uulty i•ate i s so high \hn\ the enemy 
cannot ru'ford the losses , tho minefield can deny 
them the usc of the channel or o.r oa. 

Mines are an excellent STRATEGIC weapon 
in that mining operations can be carried out 
over a p1-olonged period \\1thout rega1·d to other 
military ncllvities. ~lines destroy the enemy's 
war- making potential behind their own lines. 
On the other band, a mine ls a poor T /\CTI CAL 
weapon becllllse of the lengthy :Ind detailed 
preplU·a.Uon necessary for planting n minefield. 
A tnctlcal weapon is one designed for supporting 
01· protecting a single engagement, and time 
usually does not per mit the use of mlnes for thi s 
purpose. 

The design of 11. minefield depends on the 
purpose of the field and on the countermeasures 
expecl.e<l. They are di\•lded into six types: 

1. Countered fields are those which the enemy 
is expec ted to counter by mtnesweeping or 
hunting. 

2. Uncounl.e t•ed fields ar c those which the 
enemy Is not expec ted to counter by minc­
sweoplng or hunting. 

3. Protective fields primarily pro~t what 
lies behlnd the field by Wndorlng or preventing 
the enemy's approach. 

410 

4. Attrition fields are those intended pri­
marily to Cllllse damage to enemy ships. 

5. Nuisance fields arc those where a few 
mines are laid to harass the enemy. 

6. Dun! Purpose fields are those having more 
than one purpose. 

MIN ELA YING 

A sudden massive attack by mlnelaying air­
craft is considered to be one of the gre atest 
threats to any maritime power that exists today. 
So great, In fact, that the p0sslbillty of such an 
attack requires major expenditures o! manpov;er 
and equipment in conducting counter- measure 
operations, whether a single mine has been 
laid or not. 

Of!enslve n1lnclaying by surface craft has 
compnl'aUvely limited application in enemy- held 
waters. The utmost secrecy cnn, of course, be 
obtained by laying mines from submarines . How­
ever . a submsrlne cannot replenish the interior 
of an ex! sling mlneUcld without itself being 
exposed to an unncceptable an1ount of danger . 
That brings us to the use or ail-craft. The 
aircraft no.turaily leads in its ability to lay 
mines suddenly Md in great quantity. It is, 
further , as menticneel earlie r, the only crait 
cap o.bis of roplr:mls hlng a l argo existing field 
without danger from the Held itself. Offshore 
shipping lanes can be mined by bombers and 
patrol planes whenever the depth of water i s no!. 
too great. :\lining of enemy- held rivers and 
harbors would generally be effected by tactical 
aircraft under conditions of low visibility or 
under cover of diversionary raids. 

:\llNE COUNTER:\IEASURF.S 

:\1ino counte r measures Include all actions 
taken pt•imarlly to protect own or friendly s hip­
ping against mines, including (1) reducing the 
effecti vcness of enemy mines, and ( 2) clearing 
areas mined by friendly forces, after these 
areas have served their purpose. The three 
major types of mine countermeasures are ship 
treatment (against 1nagnctic and acoustic mines), 
mine hunting, o.nd mineswceplng. 

Ship Treattncnt Against 
Magnetic Mines 

There Ol'e two principal methods ( deper1ning 
and degaussing) of treating a steel ship hull to 
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decrease the magnetic effects that actuate inag­
netic mines. Before talting these up, let us con­
sider in more detail the characteristics of a 
ship's magnetic field. 

Any ship's magnetic field can be analyzed 
into two main components - its permane•1t field 
and its induced field. 

PERJ\'IANEN'l' .MAGNE'l'IC FIELD. - When a 
ship's hull is being fabricated in a shipyard, it 
is subjected to heat (welding) and to impact 
(riveting)·. Ferrous metal contains groups of iron 
molecules called "domains". Each clo1nain is a 
tiny n1agnct, and has its own inagnetic field 
with a north and south pole. \l/hen the domains 
are not aligned along any axis, but point in 
different directions at random, there is a neg­
ligible n1ngnetic pattern. However, if the metal is 
put into a constant magnetic field and its parti­
cles are agitated (as they would be by hammer­
ing or by heating), the doinains tend to orient 
themselves so that their north poles point towa.1.'d 
the south pole of the field, and their south poles 
point toward the north pole of the field. All the 
fields of the don1ains then have an additive 
effect, and a piece of ferrous n1etal so treated 
has a inagnetic field of its own. You can de1non­
strate tltls by hammering on an unmagnetized 
piece of steel such as a knife blade in a strong 
magnetic field; the steel will develop a perma­
nent field. The effect occurs (though to a lesser 
extent) even if the magnetic field is not strong. 
Although the earth's n1agnetic field is not 
strong, a ship's bull contains so nluch steel 
that it acquires a significant and permanent 
magnetic field during construction. 

INDUCED Jv!AGKETIC FIELD. - llnagine a 
magnetic field as consisting of many ti ny "lines 
of force" 1 -running fro1n the magnetic north 
pole to the magnetic south pole of the field 
in a closed 100p. The earth has such a field, 
as if it contained a huge bar mai,'llet (fig.12-15), 
The n1agnetic poles do not coincide with the 
geographic poles, however. Visualize ru1 area of 
the earth's surface, with the invisible magnetic 
Jines of force more or Jess evenly distributed 

1The idea of "lines of force" is intended only 
as an aid in thinking of the effects of magnetic 
fields. Their existence has not been physically 
demonstrated, and the iden should be considered 
only as a conceptual convenience, not as a 
physical fact. 

411 

over it. Air and water have low magnetic penn­
eability- ti1at is, they do not conduct n1agnetic 
lines of fo1·ce (01· mah'lletic f!uX) especially well. 
Now put a ship's hull into the sea at the point 
being considered. Ferrous metal has i·elatively 
high pcrn10ability. The high-permeability hull 
distorts the field because the ntagentic lines of 
force tend to concentrate in it. If the ship is 
pointed toward magnetic north, the effect is as 
shown in figure 12-16, part A: if the hull is 
pointed eastward, the effect is as shown in 
part B of the figure. 

This distortion of the earth's n1agnetic.field 
(by concent rating part of it in the magnetically 
permeable hull) is the induced field. As figut'e 
12-15 shows, however , the magnetic lines of 
force of the earth' s field are not parallel to the 
earth's surface except in the vicinity of the 
equator. Elsewhere they are til ted with respect 
to the surface; at the magnetic poles they are 
perpendicular. The induced Held U1erefore has a 
vertical component as well as a horizontal. 
The strength of the vertical component is aff­
ected chiefly by the ship's location on the earth 
"i th respect to the magnetic poses. l"igu 1·e 
lZ-16 illustrates the latter effect. 

DEPERMING. -The purpose of dcperming is 
not to elin1\nate a steel hull's permanent mng­
netic field altogether {this is not practical on 
a large scale), but to (a) reduce it to a n1ini­
n1um, and (b) inake it more or less similar 

POINT~\ I 
EARTH'S FL~ --

~ _.-::··, _fl}~--~ 
f,.. _ _:w,:y-rr IMAGINARY' BAR 

MAO~ET 

_.-"' --EARTH'S MAGNETIC 
-- SOUTH POLE 

/I 
I \ 

27.104 
Figure 12-15. - The magnetic field about the 

earth. 
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Figure 12-16. -II s hip' s hull distorts the ear th's nutgnetic field. 

to others of the same hull type . At a nwnber of 
locations called magnetic or deguasslng ranges, 
m$glletlc sensing devices located on tho bottom 
of a channel can detect a ship's mngnetic field 
pattern as It steams past. Tho recording made 
of the ship's n1agnetic pattern Is called its 
magnetic signature. Aiter deperming, a ship's 
perm anent niagnetic field has not only been 
reduced to a practicable mlr1lmum , but its sig­
nature is similar to that of othe1· depenn.~d 
ships of the same class. The degaussing i n­
stnllnlion (described below) cnn Ulen be set up 
on n "mass production" basis. The deperming 
process cannot be described here in detail; 
suffico It to say it is essentially a large- scale 
version o! the process for demogneti zing a 
watch. 

DF.OAUSSIKO. -The purpose of degaussing is 
to counteract the s hip's magnetic field so that 
(ideally) the rnagnetic field near the s hip is the 
snrn~ ns it would be if the ship we ren't there. 
To some extent lhis can be done by magnetic 
treatment of the ship using cons temporarily 
installed. This is not as effective as the more 
frequent method- using permanently installed 
equipment, ns follows: 

l. Degaussing coils. 

2. A d- c power source to cnergi ze the coils. 

3. Means to contJ·oJ the currents in the 
coils. 

4 . . Magnetic co1npass compensatlngequipmcnt 
to cancel out the disturbing influence of the de­
gaussing equipment on the magnet.le compass. 

Degaussing cannot be exhaustively described 
in this text. The interested student is referred 
to the NaVShips Technical Manual . The term 
"degaussing" is derived from "gauss," lhe unit 
of magnetic field strength (In turn, the name ol 
this unit commemorates the Ocrmnn 19th-cen­
tury mathematician Kai·! Friedrich Gauss). We 
can cove1· here only sonie high points . 

The ship 's magnetic field (pexmancnt plus 
induced) cru1 be analyzed into 6 components. The 
degaussing instnllation is designed to produce as 
accurately as possible an exactly opposing field. 
This is do11c by encircling the hull or other pSl-tS 
of the ship's structure by coils of heavy electric 
cable. The coils are designated as M (main coil), 
F (forecastle), Q (quarterdeck), L (longitudinal), 
and A (alhwartship). Sec fig. 12-17. Vuriou; 
combinations of these are cncrgt1.-0d as required 
to create the desired fields. The coils are 
excited either by the ship' s d-c supply or by a 
motor- generator which produces the direct cur­
rent L'eqCtired. The polarity and our rent in each 
coil may be rnanually controlled, liut the present 
tr end IS t.o make lhe functioning of the system 
completely automatic, except for manual setting 
of mngnetic latitude and magnetic variation (i.e., 
difference between the direction to the geo­
graphic pole and to the magnetic pole) . Such ~ 
sysrem may coinpensate for s hip's heading only, 
or for heading, roll, and pitch, by using servos 
to vary the d- c inputs to the coils . 

Effective though depcrming and degaussing 
are, residual m agnetic fields accompany nll steel­
hull ships, especially larger ones. For such 
critical work as minesweeping, mo1·e drastic 
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antimagnetlc measures are necessary. l'vline­
sweepers therefore inay be built with nonmni,,>netic 
hulls to reduce magnetic effects to the vanishing 
point, 

Ship Treatment Against 
Acoustic Mines 

Acoustic mines function in response to the 
w1derwater sound output of ships. Most under­
water noise of ships is caused by movement of 
the scre,v blades v.'ith respect to the water. At 
high sc1·ew speeds parts of the screw move so 
fast the watez· cannot flow around the screw 
edges fast enough, causing low pressure areas 
to fonn, then collapse. These actually are cavi­
ties or bubbles o:f water vapor, and thei r rapidly 

repeato.d formation and collapse produces water 
vibration at sonic or subsonic frequencies. Other 
causes of ship noise are vibration of external 
parts in the water as the s hip passes through, 
water flow over sharp s urfaces or obstruct.ion 
of the hull, and txansrnission through the· hull, 
screws, and screw shafting of machinery noises 
to the water. 

The only Important design change that could 
materially change acoustic disturbances caused 
by ships would be the development of a screw 
shape that would reduce cavitation or cavitation 
noise at hlgh speed. Research is now under way 
on this. r··o.r the rest, once the ship's ·hull has 
been adequately faired, little can be done so far 
as design is concerned to reduce acoustic noise 
output, Noise can be reduced only by reducing 
screw speed, shutting down noise-producing nla­
chinety such as reciprocating punrps, etc. 

Minehunting 

The methodical detection, location, and neu­
tralization of mines is appropriately called 1nine 
hunting. Some craft and their highly t rained 
persoru1el specialize in this work. 

The shiplloard devices used in mine detection 
are c ailed ordnance locators. The sensiog 
com?onent of an ordnance locator is called Wl 

ordnance detector. The term ordnance detector 
can also refer, however, to a s1nall, man­
carried ordnance locator in its entirety. 

Mineswoeping 

Minesweeping i s accomplished by going over a 
mined area with n1echanical sweeps that physi­
cally reinove the in ines (for exanlple, by cutting 
mooring cables of moored mines) and with in­
fluence sweeps that provide the influence fields 
necessary to actuate influence mines. In addition 
to 1ninesweeping ships and crafts, helicopters 
c an be used to sweep n1lnes In some instances. 

S\VEEPING iVlOORED ~fiNES. -TheNavyuses 
several types of sweep gear for swceping1noored 
inines. In the 1nost con1mon type, a v.'ire cable · 
(sweep wi re) i s towed through the water deep 
enough to strike the mine mooring. The m\ne 
mooring then sl ides along the sweep wire until 
it engages one of seve1·a1 cutte1·s spaced at 
intervals along the sweep v.'ire. The cutter 
severs the n1ooring, and the mine bobs to the 
s urface where it can lJe detonated or "'unk hy 
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gunfire . The sweep gear can be sti·eamed to 
both sides of the ship simultaneously. 

Mineswe.cping cutters are ci thcr 1nechanical or 
ci..-plosive. A mechanical cutter has no n1oving 
p111·ts and cuts the mine mooring by means of 
two saw-toothed blades in the form of a V. It 
will cut wire moorings up to 1/2-inch in dia­
meter but will not cut chain moorings. Explosive 
cutters 111·0 of two types. One utilizes a shaped 
charge to cut the mine mooring; with the other 
type an explosive charge propels a cuttingchiscl. 
So1ne explosive cutters are capable of severing 
chain moorings up to 1-1/8 inches in diameter. 

SWEBPING .MAGNETIC .MIN ES.- As defense 
against n1agnetic rr1ines, 1t)irleS\veepe1·s ai·e con­
structed of wood nnd stainles s steel, a1uminLun , 
and other nom11agnetic metals which, along with 
an elaborate degaussing system, gives them a 
low n1agnetic s ignature. A s hallow draft also 
greatly reduces the danger to the minesweeper 
of moored or pressure mines . 

To sweep n1agnetic 1nines, the inineswecper 
streams a buoyant cable (tail), many yards 
astern 01· to the side of the ship, thr ough which 
a power•ful direct current is pulsed, at intervals, 
This sets up a large magnetic field around the 
cable and influences the mines . 
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S\VEEPING ACOUSTIC .Mll\ES.-Sweeping a­
coustic 1nines is similar to rnagnetic mine­
sweeping i n that the effect of an approaching 
s hip m>JSt be p1·oduced artificially. This is done 
by towing a noise rnaker, of which there are 
nun1':lrous types, ii.stern of the sweeper . In one 
con:nnonly used type, n direct current motor 
actuates a striker that stxikes a diapln·agm to 
produce sound wave, Current to tl1e motor n1ay be 
pulsed or modulated to give the effect of an 
app roaching ship. The approaching effect is vital 
becaus e 11 sudden sharp noise, such as an ex­
plosion, wi ll not fire an acoustic mine; it merely 
actuates a counterminc bypass ci rcuit designed 
to pl'event a m!.ne froin being fi red by the ex­
plosion of an adjacent mine or depth charge. 

SVvEEPING PH ESSORF: MINES. - For· 1nnny 
year s the Navy unsuccessfully attcmped to arti­
ficially produce the effect of a ship passing over 
pressure n1ines in an effort to detonate thern . 
·The Navy tl1erefore decided to use a ship it­
self. The first operational Ml\'18 {n1inesweeper, 
Special), delivered in 1969, sweeps pressure 
mines as well as acoustic and magnetic Lypes. 
For protection against pressure- mine detona­
tions, t he hull of Lhe Liberty-ship conve1·sion 
has been st rengthened, underwater apertures 
closed, and hold spaces filled with formed no­
tation material and water ballast. The bridge 
is shock-mounted, 



CHAPTER 13 

ANTISUBMARINE WARFARE 

In the words of :>.\VP 24, Antisubmarine 
Operation, "the basic mission of antisubmarine 
Wirlare Is t.o deny the enemy the effective use 
ol his submarines." This is a broad mission 
and Includes nolonly antisubmarine wal'fare (AS\V) 
operations but also operations nglllnst their sup­
porting forcos, operating bases, and construction 
facilities. 

AS\V can be considered as having offensive 
and protecUve phases. Offensive tasks associ­
ated v.1th AS\\f include destruction of enemy sub­
marine bases, repair facilities, and construction 
facilities; the prevention of enemy submarine 
movement from place t.o place; lhe destruction 
ol submari ncs enroute to and from their op­
eraUng areas; and the destruction of enemy 
submarlnei; in their operating areas . (The 
distinction between these last two Is Important 
opero.llonally .) Protective to.sks associated with 
Af3W Include establ!shment of opel'ating methods 
whlcb will ensure safe arrival of shipping at 
destination, and protection of ships and shore 
Installations against SUbmarine attack. 

Operations utilized t.o accomplish U>.e offen­
Sive tasks Include strike operations and hunter­
killer (Ht;K) operations. Protective operations 
Include naval control of shipping, escort opera­
tion.s, screen operations, support operations, n.nd 
harbor and area operations. oporat!ons that may 
be proW<:tlve, offensive, or both Include min.Ing, 
search, and patrol operations. Noto that offen­
sive oparatlons may be protective In purpose; 
there Is no need to make too sharp a line of 
demarcation between offensive and protective. 

Tho classical concept of the l\avy•s wartitr.e 
mission, as expressed early In this text is to 
maintain control of the seas so that we can use 
them and at the same time deny their use t.o the 
enemy. A recent corollary t.o this concept adds 
a new method of attack to tbe Navy's arsenal.­
the guided nussile launched agalnst major enemy 
land targets by naval vessels hundreds or thou­
sands of miles distant - and simultaneously lays 
on the Navy the chief burden or defending U.S. 
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territ.orles against just such an attack by the 
enemy. 

Tbe submarine has roles t.o play both in 
the classical concept of lhe Xavy•s mission and 
in these newer corollaries. An enemy may be 
capable of pitting against us subn1arines as 
adva11ced as our own, and ns well (or even better) 
adapted to lnunching guided inissiles v.1th nuclear 
warheads against our own cities. Such activities 
as the prodigious and continuing production of 
Soviet submarines show that tho military plan­
ners of foreign countries are by no means in­
capable of malting similar strategic ostimates­
and acting upon them. 

Against this threat, unpreoodent.ed in the his­
t.ory of warfare, it is the Navy's primary respon­
sibility to mnintBln constant vigilance, and to be 
continuously prepared t.o prevent and counter 
every attack. It is no longer enough to provent 
submarine attacks on our own or Allied shipping 
and naval vossels, important though this is. It 
has become necessary to protect ngalnst missile­
carrying submarines wherever they may be. This 
new dimension added to the concepts of ASW 
sets up a new requirement. The need is to 
find and keep under surveillance all enemy 
submarines before they can reach a. spot within 
missile launching range of our coasts. 

Most of what has even now been developed 
by way of doctrine techniciues and equipment 
cv.nnot be completely r evealed In this textbook 
for security reasons. But the student should 
real! zc that a massive effort by the Navy and 
other agencies, both in and out of the Armed 
Forces, Is under way t.o solvo the problems 
implied by this tbreat, and he should realize 
t.oo that when he is on active duty the chances 
are ve1y good that he \\111 be called upon to 
participate in this effort. 

Let us now consider briefly the submarine 
threat as It has been in tho past and as it may 
be in the future. In this 111·ticlo and In the re­
mainder of this chapter we are prin1arlly con­
cerned with how the submarine can be detected, 
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located, and attacked by surface forces v.ith the 
aid of friendly air and subsw·face forces. The 
strategic role of the submarine as a guided­
missUo platform ls beyond the scope of this 
chapter. 

In this chapter we are concerned primarily 
with ASW weapons and associated fire control 
and detection syste1ns, rather than with opera­
tions as such, but operations will be discussed 
to the limited extent necessary to explain the 
use of ASW equipment. 

HISTORICAL DEVELOPlllENT 

The first successful subm!l.l'ine was built in 
1620 by Cornellus Van Drebel, a Outchphysician. 
During i·epenled trirus in the Thrunos River, he 
maneuvered his craft successfully at depths of 
12 to 15 feet. 

Various other European designers of that 
time constructed submersible craft also, But 
they fo.lled to arouse the interest of any navy 
in an age when all concepts of the potentialities 
of submarine warfare still were far In thefuture. 
:\tost of the early craft were of wooden frames, 
covered with greased leather or similar ma­
terial, and propelled by oars. Different methods 
of submeq~ing were thought of and son1e were 
tried. One inventor's design consisted of a 
nun1ber of goatskin bags built into the hull, each 
connected to an aperture in the bottom. He 
plrumcd to submerge the craft by filling the 
skins with water, and to surface it by forcing 
the water out of the skins v.ith a "twisting rod." 
1\lthough his vessel was never built, it seems 
that this was the first approach to the modern 
ballast tank. Another inventor actually sub­
merged his craft by reducing its volume as a 
resulL of contracting the sides through the use 
of hand vlsos . 

Ideas were plentiful, some fanciful and gro­
tesque, but some contained elements capable of 
practical application. Lack of full understand­
ing of the physical and mechanical principles 
involved, coupled '>ith the almost universal con­
viction that underwater navigation was impos­
sible and of no practical value, postponed the 
attempt to utilize a submarine In naval warfare 
during the early period. 

A submarine wns first used during the Ameri­
can Revolution as an offensive weapon in naval 
warfare. The Turtle (fig. 13-t), a one-man sub­
mel·siblo designed by David Uushncll and hanci­
operated by a screw propcllor, attempted to 
sink a British man-of- war in Kew York Harbor. 
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110.104 
Figure 13-1. - The Turtle of David Bushnell, 

from a drawing by Lt F. M. Barber, US:\, 
1875. 

The pl an was to attach a charge of gunpowder 
to the Ship's bottom with screws and explode 
it with a limo fuze. After repeated failures to 
force the screws through U1e copper sheathing 
of the hull of H:vlS Eagle, the submarine gave 
up, released the charge, and withdrew. The powder 
exploded without result, except that the Engle 
at once decided to shift to a berth farther out 
to sea. Although the attack was un~-uccessfu!, 
the ''idea" for a submarine was there, and it 
grew until lhe submarine eventually became a 
potent weapon for attacking ships. 

On 17 February 1864 a Confederate hand­
propelled sub1nersible carrying a crew of six 
men sank a Federal corvette that wns blockad­
ing Charleston Harbor. The Confederate sub­
marine Hunley used a spar torpedo attached to 
her bow to ram and sink the Union Frigara 
Housatonic. This is the first recorded instance 
of a submarine sinking a warship. 

The submarine first became a major com­
ponent In naval warfare dui·lng \Vorld \Var I, 
when Germany demonstrated its full potentiali­
ties. The heavy losses inflicted by German U­
boats on allied shipping almost swung the tide 
of tho Wal' In favor of the CentJ·al powers. Then, 
as now, the submarine's greatest advantage was 
that it could operate beneath the ocean surface 
where detection was difflcuJL. Sinking a sub­
marine was comparatively easy, once it was 
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found- but flndlng it before it could attack was 
another m allor. 

During tho closing monthS ol \\.orld \\'ar l, 
the Allied Submarine Devices lnvei.tlgatlon Com­
mittee, termed l\SDIC, was formed to obtain, 
from sole nee and technology, moro effect! ve 
underwater detection equipment. The committee 
developed a rea.sonnhly accurate dovlcc for lo­
cating a submerged submarine. This device, 
a trainable hydrophone, was atlilched lo the 
bottom of the ASW ship and used to detect 
screw noise& and other sounds thnt might come 
from ll submarine. Alt.hough the committee dis­
btnded after World \Var I, the British made 
improvements on the locating device, during the 
lntervu.I between \Vorld \Var I nnd \Vorld \Var !I, 
and nnmed it ASDIC after the conunf.ttee. 

American scientists further Improved on the 
device, ctllllng it sonar, an acronym for sound 
navigation, and ranging. 

Jn \Vorld \Var 11, submarines sent millions 
ol tons of shipping to the bottom. In what since 
bas come to be known ns the BatUeof the Atlantic, 
the U.S. Navy and her Allies teamed together 
to hWlt down undersea raiders, thus gaining one 
of the importru1t victories of the war. 

At the ond of \Vorld \Var 11, the United states 
Improved tho snorkel (a device for bringing 
a.Ir to tho cr·ow and engines when operating sub­
merged on diesels) and devolopcd the Guppy 
submiU'lne. The Guppy (short fo1• .s.1·eatel' ~der­
watcr .Propulsion _EOwer) is a conversion of the 

fleet- type wbmarine of \Vorld \Var U {rune. 
A Guppy submnrine is shown In figure 13-2. 
The only chMge in outward appoo.r11nco Is the 
superstructure. It was changed liy reducing the 
surface o.rea. streamlining every protruding ob­
ject, and enclosing the periscope shears In a 
streamlined metal fairing. Performance in­
creased greatly with improved electronic equip­
ment, additional battery capacity, and the adc:lition 
of the snorkel. 

The world's pioneer nuclear-powered sub­
marine ls the USS Nautilus, SSN 571 (fig. 13-3). 
The :\autllus, commissioned in September 1954, 
is 320 feet In length and has a standard surface 
displacement of 3,180 tons. The ~nutilus intro­
duced lho bulbous bow for llette1· underwater 
performance. She refueled for the first t1n1e 
In 1957. Like all nuclear submarines she ls 
designed to travel faster under the water than 
on U1e surface. 

An Intensive building program for nucle!U' 
bnllisttc missile submarines has resulted in 
the addition or mnny such ships to the opera­
tional fleet. The prototype is i.;ss George \Vash­
ington, SSBN 598, (fig. 13- 4). 

USS sklr,Jack, SSN 585 (fig. 13• 5) Is the first 
nuclear su >marine whose hull ls a radicol de· 
parture f1·on1 the conventional Idea o.f s ulimarine 
bulls. Diving planes on the snil result In In­
c reased maneuverability. 

71.1-346 
Figure 13-2. - Guppy submarine. 
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71.1 
Figure 13-3. - USS Nautilus (SSN 571) , 

l 

71.l 
Figure 13-4, - USS Geo1·ge \Vasl>ington (SSBN 598). 
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71.l 
Figure 13- 5. - USS Skipjack (SSN 585) . 

THE SOVlET MENACE 

SCviet submarines can in many respects 
be con1pared to American types . The Soviet 
submarine fleet consis ts of over 400 subma­
rines, most of which are modern, long range 
units constructed during a massive postwar 
bJilding prog1·nrn. This program increased 
stendily afte r 1950 nnd reached n pea.1< con­
struction rate of nearly 100 subinarines in 1956, 
after which there was a marked slowdown in 
submarine construction. It is probable that the 
Soviets had reached their desired numerical 
goal and shifted emphasis to linproving the 
qunlity and strategic c:>.pabilitics of the sul>­
maiine force. 

The total threat posed by the $Cviet sub­
marine force is increasing steadily. This Is 
because the older subn1ar incs being phased out 
have a inarginul capability under conditions of 
modern warf111·e. Tho new submal'lnes, which 
~lude n growing number capable of launching 
ballistic missiles, as well ns new conventional 
attack types, are a vastly inore duiigorous tiireat. 
The Soviets now have 111 operation :>. munber of 
nuclear submarines. Thus it is reasonable to 

suppose and realistic to anlicipate tl1al AS\V 
forces opposing them "ill !ind the Soviet sub­
marine and its weapons far from backward 
technologi Cally . 

SUl3~iJ\lllNES: ADVANTAGES 
ANO DISADVANTAGES 

As seen by AS\V forces on the sut·face, tho 
submarine has the follo"ing advantages: 

1. Concealm,nt. The submarine i s concealed 
when subinerged and is h1u·d to detect because 
of its low silhouette even when surfaced. A 
snorkeling submarine or a submarine at pel'i­
scope depth is visible to a surface or nlrbo1'tle 
observo1-, and shows up on radar, but if the 
sea surface is at nll agitated such detection 
quickly becomes marginal or in1possible. Ex­
cept In certain unusually transparent ocean areas 
(in localities of the Paciiic :ind CnribbelUl, for 
example) a completely submerged subnrn.r ine 
is totally invisible to the su1·face or nlrborne 
observer nrn1ed only wi th optical aids and radar . 
It can be detected by sonar, but this method 
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has severe limitations, as "~II be brought out 
l ater , 

2. More highly trained and developed per ­
sonnel , both physlcully and professionally. In 
vll·tually all the navies in the world subn1ai·ine 
pe1·sonnel are selected for their superior poten­
tial and proficiency, and receive 1nore t.raining 
in submarine ope1·ations thwi the average naval 
of:fice1· or enlisted man receives in AS\V. 

3, Passive detectior1 capabilities. Because 
submarines are so hard to detect, AS\V forces 
must search actively for thcn1, and in the two 
chief methods of searching, they reveo.J them­
selves to the submarines in searc!>Jng. A radar 
pulse fro1n a searching ASW vessel can be de­
tected by a sensitive ECi\I receiver at a much 
greater range than that at which a submai·ine's 
silhouette (or its e\•en less obtt·usive antenna, 
periscope, and snorkel) will return a definite 
echo. This is particularly true when weather is 
poor or the sea surfnce is agitated . A sonar 
pulse s imilarly can be heard by a submarine 
much beyond the maximum r ange at which the 
sonar 'Nill produce a reliable echo. Lastly, 
although a s ub1narine snorkeling or on the sur­
face c an be seen by surface or ru i·borne ob­
serve1·s, usually an observer in the low-lying 
submarine will see the obser ver fir st, 

4. llntntllllty to surface water. A submerged 
submarine avoids the buffeting of rough su1iace 
winds and waves. 

5. Reduced noise production. Other things 
(such as type of listening gear, screw rpm, speed 
through the water, etc .) being equal, a subma­
r ino listening at mocle1·ate depth will probably 
hear a surface vessel before tho surface vessel 
can hear the .submarine. At present, the main 
reason for this is cavitation p1•oduced by i·ota­
tion of the ship's screws in the water . (This 
phenomenon is explained In the next chapter .) 
As water pressure increases, cavitation and 
the noise it produces decrease. A submerged 
sub1narine is under greater pressure because 
of its depth, hence It produces less cavitation 
noise. lt is also true that an elect ric drive 
i nherently is likely to be somewhat quieter 
than a steam turbine 01· Diesel plw1t, n.nd that 
convent lonul s ubmarines gener ally r un at lower 
speeds submerged than they do on the surf ace, 
so that they tenet to be quleter even without 
taking cavitation lnto account . necent hydrody­
namic investigation inclicntes that the bow wave 
(the "bone in a s hip's teeth") produced by hull 
n1ovement on the surtnce is inherently more 

wasteful of power, hence noisier, titan move­
n1ent of water ai·ound a Sklpjack type hull struc­
ture co111pletely submerged in the water . Nuclea.r­
powered boats, whlch have steam-driven turbines, 
do create more underwater noise than the elec­
trically driven conventional subn1arines. Speed 
and depth capabillt1.es partially co1npensate for 
this , however . It seems relatively safe to pre­
dict, therefore, that the noise- detection advan· 
tage that subm"'rged submarines now have is 
likely to continue in tbe future. 

6. Speed. \Vith the nclvent of Kuclear- pow­
ered subnuuincs and Skipjack type stream­
lining, AS\V era.ft no longer hold a speed nd· 
vantage over the submarine. 

l\ot all the advantages are with the sul>­
marine. In the following respects the Af3\V forces 
have the advantage: 

1. Variety of weapons. Subn1n.rines can be 
attacked \Vith a number of weapons, such as 
mines, torpedoes, and missiles , Submarines at. 
pres ent have only tol."pecloes and the recently 
developed subm!lrine rocket ln their Mtisurface 
arsenal. Fleet ballistic 1nlsslles (Polaris/Posei­
don) ai·e not intended for use against surface 
forces. 

2. Vulnerability. Even relatively slight dam­
age to a submarine can force it to surf ace ­
relative, that is, to the damugc rcq\li red before 
a surfuce ship ls put out of action. Slight damage 
that does not force lt to surface n1ay increase 
its noise output (for example, it may be neces­
sai·y to start pumps because of a leak) and give 
its position away to listening observers. 

3. Personnel endurance. This is lin1ited bi' 
the physical conditions of Hie aboard a sub­
n1erged submarine, particularly of the less ad­
vanced types, and the combined psychologicsl 
and physical slralns to submai·ine persowiel 
under attack, even when the at.tack is not lethal. 

4. !\umber. AS\V forces IU'e generally con­
centrated so that inorc than one ship plus air­
craft attack a sub1nal'ine. In theory, two or 
more sub1narines CM work together in an attack, 
but any alte1npt at communication between the 
submarines will give away their position, de· 
stroying the submarines' main ad\•antnge. More· 
over , whereas commtmicatlon between AS\V forces 
is relatively easy (by rudio, flashing light, etc.) 
a.>id cannot be detected by submerged submarines, 
comrnunication between submal'i11es is at best 
likely to lJe garbled and difficult, as well as 
tactically disadvantageous . 
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SUJ.lMAfllNES AND ANT!SUJ.l.MARIKE 
\VARFAUE IN THE FUTURE 

No niun can say just what wariare \\111 
be like in the futul'e, but the outlines that can 
be conjectul'ed arc clear enough to show that 
naval forces under tho sea surface will have 
much to do with determining who has conunand 
of the sea. Based on past experience and on 
oew develop1nents, submai·lnes will likely be 
used in any 01· all of the following ways by 
both sides: 

l. To destroy the enemy's navy and mer­
chant marine. 

2. To unpede or out off the flow of supplies 
and troops by throat of attack on merchant 
shipping. 

3. To deny use of shipping lanes and hal'!JOr 
areas to the enemy's merchant shipping and 
naval units by submarine-planted mines. 

4. By causing the enemy to concentrate on 
antisubmarine warfure, to (llvort him in greater 
or less degree from his primary n\ission of 
winning the conflict. 

5. To mo~nt direct attacks by submarine­
launched guided n1issilos and rockets. 

6. To function as pickets . 
1. To function as transports in situations 

where the subn1arine•s spcc lul characteristlcs 
are important . 

8. To function as antisubmarine units . 

Though In many respects antisubmarine war­
fare of the future will resemble that of \Vorld 
War 11, there will be great differences. The 
advent of nuclear-powered ships and submarines, 
and nuclear weapons cxcates n growing chal­
lenge in the antisubmarine warfare problem 
or our modern Navy. Detection equipment a."d 
tactics ai·e constanUy undergoing revision and 
improvement in order to keep abreast of this 
changing technology. 

Our present AS\V ships, s uch as the de­
stroyer, ai·e formidable adversaries ngninst ruiy 
submarine. The destroyer can remain at sea 
for extended periods of lime . It carries the 
latest sonar, electronic countermeasures (ECM), 
and communication equipment, plus the weapons 
to go with then1 and the facilities for reloading 
under long-endurance wartime conditions. l\ot 
only can the destroyet' cte:fend itself agai nst 
enemy attack, but It also can screen and pro­
tect other units. 
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SOJ\i\U AND OTHF.U t.:NDER\V,\TER 
Ti\HGET LOCATlO)! SYSTEMS 

Now thr1t we huve surveyed tho outlines of 
the problem ancl In general terms compared 
the capabilities of the adversaries, subme.1·ged 
versus surface nnd airborne, we are rea<ly to 
investigate (still In gcnel'!u terms) how, from 
the point of view of su1·fnco ASW forces, the 
underwater target can be located and attacked. 

We have elsewhere in thls book discussed 
inethods of locating and r1ttacking surface t:u·­
gets . \Vhen surfaced, the submarine is a sur­
face target, and it Is not necessary to discuss 
furthe r how a surfaced submarine is attacked. 

To attack a submerged subrn111·ine, it is 
first necessary to detect it, establish its loca­
tion and its rate of movement in be111ing and 
depth, and then solvo this fire control problem 
to predict its future location so that an AS\\I 
weapon can attack it. \Vhen moro than one 
wenpon is used, the problem must be solved 
for each. 

'l'he blind tinlC (time oltlj)Sed between firing 
and predicted in1pnct of missile) of AS\V weap­
ons is n1uch greater than that for gun and rocket 
fire control. Therofo1'e, AS\\/ weapons are de­
signed to be effect! ve over a larger area than, 
say, gunfire at tho same rruige . 

The chief n1ethod of detection and location 
of subn1ergod subnrn . .1·ines by surface craft is 
by using sound, which travels underwater a.bout 
four times faster than it does In nir. The pri­
rnai'y method of sound detection, sonar, will 
bo treated presently. MG.gnotlc methods can be 
used by aircraft, but at present, they are not 
adaptable ior use in surf ace vessels. Other 
methods that may be under development cannot 
be discussed in this book. 

Although nt present underwater target de­
tection and location by surface craft is done 
by one n1ethod (sonar) to the virtual exclusion 
of others, a variety or weapons can be used 
to attack the target. Son1e of these weapons 
are discussed late.1• In this chapter (to the 
ex"tent that security classiflcntion inakes pos­
sible) . 

Echo-rnnging equlpn1ent, commonly l'efer1·ed 
to ltS sonax, Is installed on board ships to 
determine ranges and bearings on submerged 
submarines by m<?ans of sound waves. To a 
lesser extent, it is used for na,igation purposes. 
In pilot waters, especially In low vlsibility, it 
may be used to locnle reefs, other submerged 
objects, nnd buoys. 
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\Vllen sound waves lmpinge on any submer~ 
or partially submerged object, some of their 
ene1·gy is reflected in tho manner of an ordi­
nary echo. In active sonar, a sound pulse is 
p1·ojeotod and, in turn, the echo is received by 
means of a t ransducer which is usually located 
in the watel' forwa rd and on the l<ocl of the AS\V 
vessel (fig. 13-6) . The s igna1-1·eceiving and in­
dicating oquiptnent (the so-called stack or sonar 
control lnclicator) is located ln a space known 
as sonai· control. The signal- transmitting equip­
ment, requiring no operator, ls generally in­
stalled In a space immediately abo\•e the trans­
ducer. 

The principal sonars in use during \.Vorld 
\Vnr II projected a narrow bean> of sound into 
the wutor, and target indications were returned 
us nucl!o responses from 11 speaker or headset. 
A thorough search was a slow process In which 
the operator hund-trai ned tho transducer in 
increinents of 2-1 / 2° to 5°, according to search 
doctrine in force. (This was the "search light" 
type sonar.) 

At the close of \Vorld War ll, the :-<avy per­
fected a new type of search sonar known as 
scanning or azimuth seai·ch sonar . \Vi th each 
outgoing burst of sound, scanning sonar trans­
mits the sound pulse in all d!J·ections sin11ll­
taneously and picks up echoes from any or all 
points. Jn addition, sciuming sonar offers Jioth 
video o.nd audio presentation of target informa­
tion. 

Tho performance of sound wav"s when trans­
mitted through sea water is a complex study in 
itself. However, a knowledge of certain fea­
tures of this subdivision o! physics is impor­
tant in understanding how sonar Is used. These 
are: 

1. Speed of sound variations . Temperature 
and, to u much lesser extent, p1•essur·e and s alin­
ity d!fforcncos c ause vru·inUons in water density 
which, ln tt1rn, cause variations In the speed of 
sound in sea water. This results in varying 
values or sonar range which must be taken into 
account since sound- ranging sonar, like radar, 
measures range by the time interval between 
transmitting a pulse and receiving an echo. In 
addition, variations in sound transmission speed 
cause the sound beam to be refracted or bent as 
it passes through the water. This is di scussed 
sepru·ntely below. The speed of sound in sea 
wate1· ul temper ature 39"1' , und at nortnal. con­
di tions of s alinity and atmospheric pressure is 
approxln1ately 4800 feet per second. Any in­
crease in pressure or salinity will result in 

53.117 
Figure 13- 6 . - Elements of sonnr system. 

only s light increases in the speed of sound. At)' 
increase in temperature however, will res"lt 
in an appreciable increase in the speed of sound. 

2. Sound beam refraction. AS menti<>net 
above, the VBl'ialions ln speed or sound causa\ 
by temperature produce refraction of the sounl 
beam. This refraction, unless corrected for, can 
result in serious errors in tho n1easurement cl 
sonnr range, and a reduction in detection range. 

3. Atlenunlion. ~ouncl waves propngn.tel 
tht·ough sea water are attanuated rapidly; hence 
the range at which detec tion is possible by sonar 
is reduced. 

4. Echoes. F.choes, both single and multipl£ 
(reverberations), are received from marine !Ue, 
the sea bottom, surface disturbances, and var· 
ious Irregularities in the !luid medium, as 
well as from submarines . 

Although adverse watex· concl!t\ons tnay Jiml1 

r ange and make bearing clefln!tlon difficult, ASW 
pe1·eonnel are trained to get optimum results 
fi·om their eqt1ipn1ent under all condit ions. They 
aro trained to predict sound behavior and t.l 
apply the results reliably to the antlsubmarm 
problem. Sonnrmen quickly classify a contaci 
by its appearance on the cathode ray scope, tlle 
quallly of the sound, the bearing spread, its r eb.­
Uve motion, etc. Sonar resero:ch has established 
certain so~md " patterns," bn.sed pr incipally on 
underwater temperatures . \Vlth the aid of tJie 
bathy thermogr aph (BT), a cleVlee for measuring 
water temperatures down to 900 feet, it is pos· 
sible to predict tho sound patte t•n nnd to intro· 
duce these data into the sonar system. 
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SONAlt PH!NCIPLES 

There are two principal modes of sonar op­
eration. Passive sonar listens only; the sounds 
it detects are those originating with the target. 
Active or echo-ranging sonar radiates a power­
ful brief pi1lse of sound vibration into the water, 
tlien listens for the echo. The term "sonar" 
without qualification denotes active sonar. /\ ny 
underwater object that returns an identifiable 
sonar echo or produces a discrete sound is a 
sonai· contact. 

As in radar, the listening device cnn indicate 
the bearing of the signal source it hears. Jn 
active sonai· the returning echo is timed and the 
equipment can indicate th•J range to the target. 
The equipn1ent can display a video presentation 
much like a PPI-scope, and also produces an 
audible output. 

The video presentation of the echo permits 
quick, accurate determination of target range and 
bearing; a Sonarman's trained ear can analyze 
the audio reproduction· of the echo and deter­
mine (a) the nature of its source and (b) its 
movement with re::.'}Jeet to O\v11 ship. Analysis 
to determine the nature of the echo or sound 
source (this aspect of auditory analysis of sonar 
sounds applies to both echoes and original 
noises) is hasect on experience with sounds pro­
duced under varying conditions by different 
kinds of sea creatures as well as different kinds 
of targets and simulated targets. (A sub1narine 
can for example release a quantity of air fro1n 
a torpedo tube; the air bubbles will return an 
echo and show up on the sonar video presenta­
tion,) In addition, echoes from mo,ing targets 
have doppler. Doppler is a change in frequency 
In the echo (as compared with the frequency of 
the original sonar pulse) from a m·~ving target 
having motion along the line of sound. (Anyone 
who has beard the change in pitch of a railway 
locomotive whistle or horn as a fast-moving 
train passes a stationary listener has heard a 
rather obvious example of the Doppler effect, 
which was nained after Clu·istiai1 Johann Doppler, 
a 19th-century Austrian physicist.) Doppler in­
dicates relative target motion. 

In sonar, doppler is a rather subtle effect and 
its consistent detection and evaluation require 
an ear highly sensitive to audible pitch changes, 
plus n1uch training and experience \Vith audibly 
reproduced sonar echoes. Sonar systems pro­
duce sound pulses of very high and often ultl·a­
sonic frequency (i.e., frequencies beyond those 
of nornial human he•tring) . To produce sonar 

echoes at a1tdible frequencies in the range (in 
the neighborhood of 800 hertz) to which the 
human ear is n1ost sensitive and can best 
discrlmim1tc pitch chru1ges, soniu· systems use 
beat frequency oscillators to change the fre­
quency of the received echoes to i1llout 800 
hert:<, 

Equip1nent designed to function as active so­
nru: c an be used passively if desired. Listening 
devices designed for passive operation only are 
called hydrophones . (These are norn1ally in­
stalled only on submarines.) Underwater tele­
phones (colloquially called "Gertt•ude") used 
for voice c01nmunication, also work on sound 
conduction principles, but are not to be con­
fused with sonar. 

Sonar is the pl'imary rneru1s of detecting a 
c01npletely subn1erged subn1arine, !lnd, in gen­
eral, it ls the only ineans a su1iace vessel hn.s of 
detecting an underwater target. Echo-ranging 
(scaru1ing] sonar i s the most effective for ship­
board use. 

REPRESENTi\T!VF. SC;\NNING SONAR 

A representative scanning sonar (fig. 13-7) 
includes a console, ti'!ll1s1nitter, transmitter­
receiver transfer switch, transducer , receiver, 
various amplifier units and switches, and a 
data converter, 

A feature of all inodern sonars is that echoes 
are di Splayed visibly as well as audibly. The 
visible display is made by a cathode ri1y tulJe 
(CRT). In son1e equipn1ent, two CRTs may be 
operated in two different inodes, ship center 
display (SCD) and target center diSplay (TCD). 
Jn SCD n1ode, o"n ship i s represented by the 
center of the CRT, and echoes fron1 the target 
and other underwater objects appear as bright 
spots about it, In the TOD mode, if the curso1· 
is on target, the bright spot representing the 
target appears at the cente1· of the display. 
Depending on range and range scale, own ship 
may not even appear. The ship center displl\Y 
inode is used in searching; the target centel· 
display inodc is nonnally utili zed for tracking. 

For audio presentation, a returning echo, 
after conversion to an electi·ical signal and am­
plification, is changed to an audible frequency 
ru1d sent to a headset or loudspeaker near the 
control indicator, whore it i s heai·d as a "ping." 
The ping is of value in targ-et identification and 
in the determination of doppler. 
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The console or sonar indicator control, con1-
1nonly called the stack, is the heart of the in­
stallation. All necessary operating controls are 
mounted on its face, and near the center is 
the CUT, 

transn1\tter. \Vhen the transmitter is thus key&l 
by the console, it generates a power pulse to 
the transrnit:.-receive t r ansfer switch. 

A principal function of the console is to 
initiate the keying pulse, which is sent to the 
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The tr an sf er switch nets like a gate tha\ 
in one position, perinits transniission and block: 
reception; in the other (norn1al) position, Iii! 
equipment can only listen for (receive) an ec~. 
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Transducer 

By means of 48 s taves (segments of a trans­
ducer, similar to electi·omngnets), the trans­
ducer (fig. 13-8) converts the elect rically ener­
gized signal to mechanical energy !UK\ sends it 
out in the fol·n1 of a sound pulse. During the 
silent period between pulses it also acts as the 
receiver, listening for echoes . 

Pulsing may be omnidirectional, me!Uling that 
the pulse ls sent out in all directions at once, 
or it may be rotating directional. Jn rotating 
directional transmission, several staves are 
excited simultaneously to produce a sound beam. 
Several more adjacent staves ro·e excited and 
produce the ne>-'t beam. The effect is rather like 
a series of spoUigbts mounted in a circle being 
flashed on and off ln turn. The beaming is done 
so rapidly, however, that the entire 360° ro·c 
is covered almost instantaneously. Total energy 
is applied to the several staves and, thus, is 
concentrated in each pulse rather than being 
dispersed in all directions at once. Targets, 
therefore, can be detected at inuch greater 
rang-es. 

After every pulse, each stave (fig. 13-9) 
reconverts mechantoal energy induced by re­
turn echoes to electrical energy and sends a 
signal to its own amplifier in the preamplifier 
unit. Because signals from staves that have 
picked up echoes vary, a reception pattern is 
determined. This pattern is maintained until 
presented on the scope. 

Some transducers function on the pr inciple 
of magnetostriction although n1ost now are ceram­
ic type. \v11en certo.in metals (nickel, in t!>ls 
case) are in a magnetic field, they will change 
in length slightly, depending on Uie di rec ti on and 
intensity of the magnetic field. If the magnetic 
field changes in dtrectton periodically at a given 
frequency, the metal will change in len,,<>'th in 
synchronism with that frequency. T!>is is L'1e 
magnetostrictive effect. This mechanical vibra­
tion can be transmitted to the surrounding me­
dium- for example, water. The effect is rever­
sible; that is, vibration picked up from the 
surrounding mediwn causes the metal to vibrate 
similarly, and the resulting change in the mag­
netic field will induce a voltage in a coil sur­
rounding the metnl piece. For transmission of 
a sound pulse, the coil can be excited by an 
alternating current of suitable frequency; for 
reception, the coil can be connected to an am­
plifier which will amplify voltages induced in it. 

Cerrunic-l)'pe ti·ansducers are the most com­
mon ones now being built, because of their high 

71.49 
Figure 13-8. - scanning magnetostrictive 

transducer , 

sensithity, high stability, and relatively low 
cost-plus mechanicnl properties that allow con­
struction of almost any reasonable shape of 
Size. 

Scanning Switches 

Scanning switches ru:e the components tliat give 
sc!U1ning sonar its name. Scanning sonru"s goal 
is to display a full azl1nutl1 presentation thnl, 
possessing sensitive cll1·ectivity , provides an 
accurate target bearing. The means used to 
achieve the goal ru·e two scanning switch as­
sen1blies, !Ill audio and a \'i.deo . 

The two scanning switches have much in 
co1nmon, being roughly comparable to a synchro­
mechanism wi th a r·otor revol v:lng within a stator. 
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Figure 13-9.- Exploded view of one scani>lng sonar transducer stave. 

The 48 sepa.t ate signals enter the stator and 
gener ate voltages corres ponding to the echo 
received by each s tave and at its exact belll'ing. 
\Vhen the rotor is matched to any bearing, t!:e 
signal generated in the corresponding stave 
passes tiu·ough the rotor to an amplifier and 
then either to the audio or video display. Thus , 
we acltieve dir·ec tional presentation; the scan­
ning swit(:h relays a Signal only when trained 
on the bearing of the r eturning echo, 

AUDIO SCANNING S\\llTCH ASSEMBLY. -In 
the audio swi tch assembly the :;v.i tch rotor 1nay 
be trained as desired by the operator , It r elays 
echoes fro1n any 120• arc of the transducer . Tl>ls 

a.re (or audio channel) is centered on the bear· 
ing selected by the aper ator ' s nl!lnual control. 
Signals originating within the bow1ds of the audlo 
channel are relayed to an audiofrequency / r adio· 
fr equency (AF /RF) runplifier·. 

The AF/RF amplifi er increases the strength 
of the signal so that it yields an audible ecbi 
when changed fro1n electric to acoustic energy, 

VIDEO SCANNING S\VI'l'CH ASSEMB LY. - The 
video scanning switch l'otor i s not selective 
in tr ain, but r evolves rapidly at a const3lll 
speed (often as much as 3600 rpm). \Vllen matched 
to the bearing of the echo, the video scnnru•i 
switch relays the electrical current induced it 
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the staves to an RF runplifie1· . The video rotor, 
having a much narrower response arc than the 
audio rotor, accepts signals received by only 
one stave at any given instant. It actuslly scans 
more than one stave at a time, but lag-line 
phllSing adtnits the signal from only one stave 
at any time. 

The RF amplifier runplifies the signal so 
that it can affect electronic printing on the 
face. of the CRT. 

Because the scanning switch and the elec­
tronic sweep generator are driven by a com­
mon constant-speed motor, their rotation i s 
synchronized. Thus, the indjcations presented on 
the CRT are realistic representations of re­
turning echoes. Echo pips are printed at the 
praper bearing because both the sweep and 
the rotor are matched at the saine bearing when 
the echo is allowed to enter the system, Echo 
pips are printed at the proper rnnge because 
the electronic sweep is inoved outward £rom the 
center of the scope at a rate proportional to 
the speed of sound in the surrounding water. 

The resultant of the actions of the scanning 
sy,itch and the sw~p generator is the presenta­
tion on the face of the cathode ray tube. The 
sweep originates in the center, inclicatinginitial!y 
the reverberations at the transducer face, It 
then continuously expands in a spiral manner 
until it reaches the outer edge of the CRT (or 
the end of the range cursor, if son1e interme­
diate rai1ge setting is used). 

Signal Data Converter 

The signal data converter ilffects the last 
stage of the reception cycle preceding the actual 
display of target information. It receives own 
ship course from the gyro compass, converts 
this information to usable form, and transinits 
it to the console where it ol'ients the sweep dis­
play on the CRT. 

Video Presentation 

As stated previously, the video presentation 
on the CRT may be either ship center display 
(SCD) or target center display (TCD). 

SCD :i\'IODE. - Figure 13-10 shows the m.'lin 
features of a typical SCD sonar CRT clisplay. 
This is a highly conventionalized diagram, and 
it is not intended to show featur'es realistically. 

In the SCD mode, a line (cttrsor) originating 
at the center of the CRT and parallel to the 

' ' ' STERN 
', LINE 

' ' ' ' 

8EAR1NG 
SCALE 

110.105 
Figure 13-10. -Typical SCD sonar CRT display. 

bearing of the audio scaimer, is the first pre­
sentation. \Vith this the operator can read on 
a dial around· the CnT•s face ti1e bearing of 
echoes he hears. 

Immediately follo\Ving the printing of the 
cursor on the CRT, the pulse is transmitted, 
The electron beam appears and begins the ex­
panding sweep at a rate proportional to the 
time it takes the transmitted pulse to tnwel . 
This expanding sweep is spiral. The electron 
bean1 prints as it revolves in synchronization 
with the rotating video transducer scanner, ·The 
angular position of the beain corresponds with 
the instantaneous position of the video trans­
ducer scanner. Presence of an echo produces 
a bright spot on the face of the CRT, at a 
point corresponding to the range and bearing 
of the object reflecting the pulse. 

As the pulse is transinitted, a broken line, 
originating at the pulse presentation, and bear­
ing 180° fron1 own ship's heading, i s displayed, 
This is known as the stern line, and it assists 
the operator in determining· areas for searching. 

Since the equip1nent is alert in all directions 
because of the rapid sc!llllling feature, a true 
geographic plot is produced of the area surround­
ing the ship. Noise sources other than echoes 
fro in the transn1i tted pulse are received also, 
and are presented as bright spokes or wedges 
on the CRT at their correct beat·ing. The opa;·ator 
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can detennine range and bearing to a contact 
by training the cursor to the center of the spot 
and adjusting its length. The bear ing n1ay he 
react directly from a dial. Cursor length inay be 
varied by a cont1·01 on the control indicator. 
Cursor length is propoi·tional to the range and, 
when the end of the cu.rsor is super imposed 
on the target echo, range may be read from a 
dial on the control indicator. 

Vihe11 searching for a target, the sona;' sys­
te1n ls set so U1at the two video s ignals (left 
and right) from the scan..,er are added or sum­
med. This provides a broad, easily seen pip 
for an echo. \Vhen the target pip has been identi­
fied and the sonar system is set to track it, 
the systen1 is switched for diiference opera­
tion. The left- and right-scanner outputs are 
U1en subtracted, and the target pip becomes 
sn1all and sharp so that it can be tracked most 
effectively. 

The video presentation i s normally oriented 
and stabilized. The top of the CRT represents 
north. Own ship course is received from the 
ship's gyrocompass. Bearings to echoes are 
true. \Vithout gyro input, the presentation is 
in relative bearing, with ship 's head at the 
top of the CRT at 000°. Changes in own ship 
course will, when the presentation is in rela­
tive bearing, cro.ise the entire CRT picture to 
rotate. \Vhen the presentation is in true bear­
ing, the electron beam in the CRT is electri­
cally rotated to keep the pattern it prints ori­
ented. 

The video presentation is also compensated 
to eliminate the effect of own ship roll and 
pitch, and keep the CRT picture stabilized. 
Reverberation or m;nor sound reflections from 
such sources as surface waves, small fish and 
other sea life, etc., shows up as s mall spots 
or light patterns. Noise sources, as distinguished 
fro1n echoes (either random or fron1 specific 
targets), show up on the CR'r as radial spokes 
or wedges r·ather than pips. Sonars ai·e respon­
sive to a "ide range of frequencies; unlike 
radar, a sonar is not tuned to receive a specific 
frequency. It therefore picks up all kinds of noise 
sources. This is called hydrophone effect, and 
it occurs during active mode operation, as well 
as in passive or listening mode. Since the CRT 
indications of noise sources do not arise from 
ti1ned echoes of the transn1itted pulse, there i s 
no blip that s hows range to the noise source. 
The spoke shows only bearing. The spoke can 
be made broad or sharp by suin or difference 
reception. 

TCD MODE. -In the tai•get center displ~· 
the contact, instead of own ship, is di:>-played 
in the center of the CRT. The expanding spiral 
sweep presentation is used, but the origin of the 
sweep (own ship position) is moved to a position 
off the face of the CH.'f, and the contact is 
positioned at the center of the scope. 

Only a circular portion of the entire sweep 
is displayed on the CRT when the contact is 
in the center, unless range to the contact is 
within the display limitations of the scope. Io 
that case, both own ship and contact would be 
pres ented. \Vhen the contact is in the cente' 
of the scope, dials on the control indicator 
show the range and bearing to the contact from 
own ship. 

The ste1·n line remains with tile transmitted 
pulse for both types of display. It is visible 
when the equipment is in target center displar 
only when o>Vn ship 's transmitted pulse comes 
into display range on the CRT. JYJost display 
conditions remain the s ttme for both types oi 
di splay. 

Audio Presentation 

/\s stated earlier in this chapter, the re· 
tur~ing echo, after conversion to an electrical 
signal and amplification, is changed to an audible 
frequency and sent to a headset or loudspeaker 
ne nr the control indicator, wher·e it is hellr<I 
as n "ping." This ping is of value in tnrgi.?c 
identification nnd in the detern1ination of doppler. 

The outgoing (transmitted) pulse from tbs 
sonar is, so far as possible, suppressed so thal 
it does not show on the CHT or become oodible 
on the sonar's sound reproducers. To determine 
whether the pitch or frequency of the echo haB 
been changed by the doppler effect, the sonar 
operator compares the echo aurally not \\1tl. 
the original pulse but with the reverberation re­
turn, since the average reverbe1·ation source 
i s moving at zero speed. (The sonar circuilr/ 
electronically compensates for doppler effec:; 
in re,,erberation caused by own ship speet'<; 
therefore , doppler depends upon only relative tar· 
get motion toward or away from own ship,1 
Since acuity of pitch discrimination vmies i>itl 
frequency, a f requency is selected in the regiar 
where human ears are most sensitive to pltcl 
changes- ai·ound 800 cycles per second (equiv~· 
lent to a note i n the upper l."ange of the pi!ll)) 
keyboard). 

Up doppler is the increase in frequency (( 
returning sound waves caused by a target'! 
motion toward own ship. Down doppler is th! 
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deoreo.sc in frequency of returning sound waves 
caused by a target's motion away from own 
ship. A target which onuses up doppler Is said 
to have bow aspect, while a target causing down 
doppler has a stern aspect. A beam-aspect tar­
get has no doppler. 

SPECIFIC SONAR SETS 

several different modifications of sonar sets 
are in use in the Hect today. Two of the latest 
are the AN/SQS-23 and the AN/SQS- 26 . 

The AN/SQS- 23 sonai· provides accurate 
range nnd bearing information for the fire con­
trol system, with ranges greater than those 
ootained in older systems. The low trnnsmls­
sion frequency of the equipment, co1nbined with 
the rotating, directional (.rnnsmission :uid the 
aliillty of the transducer to operate at a tre­
mendous power ouqiut level, produces a high 
source level for long range target detection. 

The AK/SQS-26 sonar is a Jong-range, ad­
vanced search sonar that represents a rndically 
impt·oved approach in concept nnd application 
to present day problems of submarine detec­
tion. It ls designed to detect all subma.rines, 
regardless of their depth and speed and the 
wnter conditions. 

VARIABLE DEPTH SO.KAR (VOS) 

\\iithout going into the tecluiicalities of the 
phenomenon, ocoanogrnphlc conditions fl·equently 
are such that there are layers of water with 
widely varying temperatures. \Vhere these lay­
ers meet (layer depth), much of a transmitted 
sound beam ls either reflected or sharply bent 
(refracted). Submarines operating beneath the 
layer depth may escape detection because the 
sound does not reach them or because the l'e­

turning echo is greatly weakened or mushy. 
The VOS overcomes this disadvnntoge because 
it can be lowered beneath the layer depth, thus 
impro,1ng detection capnblUties previously lim­
ited by the fixed, hull- mounted sonar. 

Older VDS sets consists of a towed trans­
ducer operating in conjunction with a shipboar<l­
installed, hull-mounted soniu· set. The union 
is accomplished by providing a u·ansducer "1th­
in a hydrodynamic towed vehicle, plus a crane­
type hoist for lowering, towing, and raising 
the vehicle (fig. 13- 11). The towed transducer 
is connected electrically to tho ship through a 
cable extending through the center of the tow 
cable. A S\\1tching mechnntsm !n the sonar set 
per1nits use of either the h\lll-n1ounted trans­
ducer or the towed-transducer, or both simul­
taneously . 

51.63 
Fii.'llre 13·11. -VDS suspended with boom facing aft. 
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A later type of VDS (not shown) is a sonai· 
set con1plete withjn itself. Because it can be 
made to operate independently of other sonar 
syste1ns, it ·ls known as the independent V!ll'i ­
able depth sonar (IVDS) . 

AIRBORNE SUB:VIARJNE-DETECTil\G 
SYS'rI::MS 

Aircraft !ll'e used for detecting sub1nerged 
submarines by means of -

1. SOl13.l', 
2. Sonobuoys, and 
3. ]VIAD gear. 

Sonar 

Sonar equipn1ent (called " dipping sonar") 
can be used by rotary-wing aircraft (helicopter s) 
to detect sulJmerged submarines . Because it 
isn't prnctical to drag sonar equipment through 
the water at the mirun1\Ul1 flyi ng speeds of 
fixed-wing aircraft, only aircraft that can hover 
or move at low speeds are suited for sonar· 
detection. 

Because of tlle limited weight-carrying and 
powe.r-producing characteristics of aircraft, 
high-powex·ed azimuth type sonar is not carried 
by aircraft. The equipment is of the "search­
light" type which pings on one bear·ing at a 
~imE" mnst be trained to the required bearing 
to detect a target, and presents only an audible 
echo without <ideo presentation. In spite of 
these limitations, airborne son!ll' gear is ca­
pable of excellent results because it can be 
transported from one location to another at 
a much higher speed than that of any surface 
vessel, and because, although such aircraft as 
helicopters are noisy , they produce no water­
conducted noise. (:Vlost dipping sonar presently 
used in helicopters is capable of scanning 360° 
and also of narro\Ving the seal'ch to a selected 
bearing.) 

In a. helicopter, the dip or dunking sonar 
equipment , all except for a ball-shaped trans­
duce1· housing and the 500-foot cable from which 
it is suspended, is located in the helicopter 
fuselage. \Vhen the helicopter has reached a lo­
cation where the presence of a submarine is 
s uspected, it descends to 10 to 20 feet above the 
water, and the sonar ball is lowered to about 
400 feet below the surface. After searching, the 

helicopter hauls in tile cable. After the cable 
has been retracted, the helicopter can go to 
another location. \Vhen the subn1arine is detected 
and located, the helicopter can "vector in" other 
aircraft and AS\V vessels for the attack, or Cllll 

itself attack if properly ar·med. 

The search procedure can be completed io 
a few minutes (especially if the search doesn't 
encompass the full 360° in azimuth) and thB 
helicopter can be up and away. Present types 
of submarines have no effective countermeas· 
ures against helic0pters. This seax·ch technique 
is n1uch inore difficult in heavy weather, although 
in1provements in this respect are being made 
continually. Figure 13-12 shows a helicopter 
with sonar subn1erged, searching. 

Radio Sonobuoys 

Radio sonobuoys are small expendable float· 
ing hydrophone or sonar units whose output is 
radio-broadcast by a small transmitter in thB 
sonobuoy. They are generally d1·opped to the sea 
surface by fixed-v.~ng aircraft in the area where 
enemy subniar·ines ar·e expected to be. Usually 
n1ore than one is dropped at a time, in a cit· 
cular pattern around the contact area (as detet· 
inined by other detection data} . An expel'ience~ 
operator, by con1paring its pitch (for doppler) 
as received by each sonobuoy, can estimate the 
present location and direction of movement a! 
the target . After two to four hours, a soluble 
plug in the sonobuoy dissolves and nllows the 
unit to sink. \Vhile afloat, the sonobuoy indicates 
its position visually (by releasing red dye into 
the water or by keeping a lamp lit) and by radar. 

Figure 13-13 s hows diagrammatically how 
one type of sonobuoy pattern is initiated by Ill'• 
aircraft in response to surface indication of the 
presence of a sub1nerged submarine (in this case 
the oil slick fro1n a submarine that has bee< 
damaged). The buoys are planted where they \\1ll 
continue to pick up the subm!ll·ine•s sound a. 
it proceeds unde1·water . A frequent pattern is t 
circle of buoys about the !ll'ea (called the dnlum) 
in which the subnu1rine contact is eJo,'Pected. 

Magnetic Anomaly Detection 
(MAD} Gear 

Any mass of steel as large as a ship's or 
a submarlne>.s hull will slg~lificantly warp or 
distort the earth's magnetic field in the vicinity. 
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3.115 
Figure 13-12. - Dip sonnr in use by hcllcopter . 
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Figure 13-13. - Hadlo sonobuoys used 
submerged submarines. 
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In influence-type exploder devices In mines and 
\Drpedoes, this effect is used to de!Dnate the 
device when It is quite close to tho unget . The 
same principle is used for locating a submarine 
at a greater distance than this, bul lhe mag­
netic detecting device nlust be more sensitive 
nnd nluSt be n1oved 11t a relatively high Speed 
\vith respect to the target. For this purpose, 
MAD equlp1nent is used on fixed-wing aircraft 
flying at l'el ativel y low altitudes (Cig. 13-14). 

SUDJ\!A RINE COv:!\T ERMEASL""R ES 

submarines can and do take specific counter­
measures against surface ship and aircraft de­
tection and atlnck. Some of these countermeas­
ures are similar to those taken by surface ships; 
these won't be xepeuled hero. Others nre de­
signed to rnnke tho submarine harder to detect 
on sonar or hydrophones. Still othel's arc i n­
tended to deceive or confuse the nttackers. In 
either case, the result (if successful) Is ID mnke 
the ntlacker lose contact with hls target . 
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110.107 
Figure 13-14. -ASW fixed-wing aircraft fitted with 1'!1\D gear . 

• 
In practice, the effectiveness of the counter-

measure In deceiving Ute allncker, nnd the 
ability of the attacker to penetrate the decep­
tions nnd maintain contact, depend principally 
on the tactical ingenuity of ench side. Earlier 
in this chapter you noted the principo.l advan­
tages and disadvantages of the submarine ns 
comp a.red v.1 th the surface attacker. In ASW, 
each combatant makes the most of his advantages 
(including psychological ones) :ind does his best 
to overcome the othe r's stratagems. The varia­
tions and comhinations pessible are endless. 
AS\V has been called a "cat- and- mouse" game. 
This i s not entirely accurate, since the "mouse" 
is as dangerously arn1ecl as his opponent, but in 
two r espects the comparison is apt- one suc­
cessful blow is likely to decide the issue, and, 
in contrast to open con1bat between ai r and 
surface opponents, patience and wntchfulness 
over a prolonged period al'e likely to be the 
decisive !nctors. 

The list below includes Ute principnl cypet 
of cowitermeasures lhal submarines can now 
use. 

SUBMERGING, This is the prlmary nntursi 
defense of the submarine against detect.ion. 
There are several degrees of submerging, fron: 
running with deck awash, to snorkel depth (run· 
ning with the snorkel, periscopes, and anteruw 
just above tho water surface, but with the entire 
superstructure submerged), to periscope depi.t 
(with only the attack periscope protruding froo 
the surface). the shallow submergence (abou: 
60 to 100 feet) , to deep submergence ( nt a maxi· 
mum or "test depth" for the subniarine). A 
snorkeling conventional submal.'ine can continue 
to 1•un on Diesels and charge its battery. Al· 
though it presents a reduced target to visual 
and radar search, its propulsion machinery i1 
at its noisiest. At any speed exceeding a coup!; 
of knots the protruding pai·ts develop a wah 
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that grows proportionally niorc noUceable with 
speed, particularly 1f the watc1· is smooth. Ancl 
In vory colcl went.her tho Diesel exhaust Llirough 
the snorkel forms s plume of white vapor. \Vhen 
the submarine Is slightly deeper, at periscope 
depth, the pe1·iscope by itself Is much harder 
to spot than the snorkel and associated gear, 
but It and its wake are still detectable, even If 
marginally, to rada1• and eye. At shullow depths 
{down to 100 feet 01· so) a speeding subma1·ine 
doos cause noticeable turbulence on the surface 
if the sea Is relatively calm, snd Its hull can 
sometimes be spotted visually by aircraft. \Vhcn 
lhe submulne is deeply submerged, Its presence 
Is rnrely betrayed by any evidencconthesurfnce. 
Where the sea bottom Is not deep, n subtnal'ino 
can l"Os t on tho llotto1n next to o w1·eck, reef, 
or turbulent area to present virtually no target 
ro echo-ranging sonar. 

SILENT RU1'~1NG. To avoid detection by 
bydrophono, submarines must reduce noise 
radiation as much n.s posstble. Chief sources 
or nolso are echo- 1·11nging sonar, operation of 
propulsion machinery (particularly Diesel en­
gines). operation of other mru:hinery such as 
~ot!lating gear snd pumps, cavitation proo.uccd 
by rotation of scrows above certoln critical 
sp~eds, and screw noises from other causes 
(wch as deformed bin.des) . A submarine com­
mander can order any of several degrees of 
silent running, rangl ng from reduction of run­
ning epeed and shutdown of echo-ranging sonar 
to complete stoppage of all machinery and even 
prohibition of the crew's talking above it whisper. 
Silent running conditions are ordered, of courso, 
only when the subn1a.rlnc is submerged. A sub­
marine snorkling or running on the surface 
undor Diesel power ls al least as noisy as any 
s!mlla.rly powered surface vessel. Electric drive 
at the sam"? speed Is much less noisy. l\uclear 
submarines, as provlously mentioned, ~e as 
noisy or noisier than conventional subnui.rines; 
bowover, they :u·o capable of running nt much 
grenter depths. 

A submarine running silent can still attack 
by releasing a ·•swim-out" hom·ng torpedo 
sgalnst a surlsce attacker. Firing a conventional 
torpedo is a noisy procedure that requires fo1·c­
ing a large nir bubble out of the torpedo tube 
slong with the toriiedo. !\ "swJ m-·out" homing 
torpe(lo propels ltsel! out Of Its tube, nms up­
'l>llrd to set depth and begins to search for Its 
target (while the subn1arlne dives), and homes 
on tho surface sWp's scrow noises. 

l:SE OF TH ERllOCLtNES. ,\ previous section 
has e>cpla!ned how the pat.h of sound wavtllS In 
sea water ls distort.ed by differences In water 
density. Submarines arc fitted with recording 
bllthythermogrnph units whloh function whenover 
the ship dives, so that t.he presence of thormo­
clincs (interface between warmer nnd colder 
water layers) is continuously indicated. The 
submarine can dive under n thermoclino und In 
most cases cause the aUaoklng vessel to lose 
contuct entirely. The new VOS sets, discussed 
earlier, make It more dlJiicult for the submarine 
to use a t.hcrmocline as a countermcasuro. 

lllDL...;G RENF...\TH SUHFAC£ VESSELS. Re· 
cause a sonur is relatively "deaf" ln the area 
directly below It, a submarine can find conccal­
ml°lnt directly below its attacker. Or a submarine 
cnn hide directly below son1e other ship, usl ng 
the surface vessel's screw noises and turbulent 
wake to olaSk Its own sonar echo. lo this position 
the submarine can use swim-out, homing tor­
pedoes, as described earlier. 

FALSE TARGETS . ..\ n1nss of a11· !Jubbles ls 
detected by sonar as a targot. Submnrines can 
eject air through their torpedo tubes to create 
a false target for the benefit of surface sonar , 
The tnrgot doosn•t last long, and it betr1tys Its 
nature to a sharp sonarmnn because It hns no 
doppler, but It can distract the attacker long 
enough to cause loss of contact. A O<>rniun­
orlginated de'1ce specifically designed to eject 
bubbles for this purpose wn1> called the ·• Pillen­
"crfer," which Is someUmes used to refer to 
similar devices on our own su1>111arinos. 

Another type of false target is the beacon. 
This is a smsll battery- powered scrow-pro­
pelled torpedollke device that can swim out of a 
torpedo tube Md continue unUl Its battery runs 
down. It emits a continuous or lntern1IUcnt 
noise simulating fl subni:u·lnc•s screw, sonfU' 
pings, or other SO\lnds. A number of dlffc1'ent 
sounds can be produced. After ejecting this de­
,1ce, the submarine usually hendS downv.'1l'd and 
in the opposite direction, while the be3COn iuoves 
at l or 2 knots in the dlrectton in which it was 
projected. A beacon not only distracts pnsslve 
sonar search, but also can allract AS\V homing 
torpedoes Intended tor Uie submarine. 

Submarines cnn also c)ect quantities of oll 
and debris to simulate their own destruction, 
and thus motivate surface attnckcrs to call off 
the atts.ck. 
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AS\V \l/EAPONS 

Older types of i\S\V weapons include, in addi­
tion to older versions of homing toxpcdoes, older 
depth charges and hedgehogs. Because these a...-e 
obsolescent, they oi·e mentioned only briefly. 

A depth charge essentially is 1nere1y n con­
tainer filled with about 200 poun<.IS of high 
explosive, and designed to explode lit a pre­
deterrnined depth. It is extreniely difficult to 
obtuin a direct hit with a depth chnrgo; ~mcl, to 
be fatal, the explosion must occur within nbcut 
20 feet of the target. 

An improve1nent over the depth charge is 
a 7, 2 inch diam~ter 1nort.(ll·- ty1>e projcctilecnlled 
the hedgehog. Hedgehogs are n1ounted in groaps 
of 24 and ure fired in puirs; a salvo results 
in n circular pattern over the appai·ent posi­
t.ion of the submerged tiu·get. This weapon has 
no depth setting tind explodes only 011 contact. 
Because the chn1·ges have a fixed range, tho 
patte1•n can lJe lalmched successfully only when 
the ship roaches correct firing range. 

The Navy's pl'lmary operational AS\V weapons 
today !U'e (1) nntisubn1arine rockets (Asroc), 
(2) submarine rockets (Subroc), (3) antisubinarine 
torpedoes (Astor ), ru1d (4) conventional torpedoes. 

/\SROC 

The 1\s·roc (v.11\ose launcher is shO\vtl in figure 
13- 15) is a supersonic, shipboard- launched, solid­
fuel, rocket- propelled antisubmarine ballistic 
projectile. The missile hns two configurations­
one "ith a depth charge and one with a torpedo, 

The goal achieved by i\sroc is the destruction 
of submn.rincs at Jong ranges. Tbis objective is 
achieved by delivei·y of a torpedo or nt.on1\c 
depth charge through the air to a point in the 
water fro1n which it ca.ti either attack under the 
most favorable c!rcwnstances or have the sub­
m;u·ine within its lethal radius (fig. 13-16). The 
ptlyload i s a part of an unguided tnissile which 
is propelled by n rocket 1notor and stabilized 
by an airfrrun~ throughout its powered flight, 
Separation timers jettison the ai rframe nnd 
mo'.01· after a present time. Fro1n separation 
to wnter entry, dil'lerent 1nethods of stabiliza­
tion a.re employed, depending on the payload, 
The depth charge descent is stabili>.cd by a fin 
network during the entire drop. The torpedo 
also has such a network, but it employs, in 
addition, parachute stabilization. Besl<.les sta­
bilizing the to11Jedo descent, the pal"achute also 
decelerates it to a safe water entry velocity 

LEFT REAR 

'i I . 
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'\ 

RIGHT FRONT 

15.106 
Figure 13-15. - Asroc launcher. 

if, 
' .. • 

to avoid dilmnging the highly sensitive elec· 
tronic components. 

Deiorc the m\ssile is lnu.nched, the subma· 
rine Is located by sonar, and the range, beari,._ 
and other pertinent data aJ.'C transmitted to tile 
fire control syste1n . The fire control system 
automatically computes the l)n\iCipnted t arget 
position, set.s a ti1ne-to-sepai•ate into the timer> 
on the airfran1e, a.ncl keeps the launcher tt'u.in&! 
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ASROC 

15.114 
Figure 13-J 6. -Asroc. 

on the desired water entry point, so that the 
mlssllc can be fi red at will by simply closing 
the firing circuit. 

SUBROC 

The Subroc (the acronym for submarine­
launched 1·ocket) is Ill\ antisubm1U'lne weapon 
with a nuclear warhead. It is launched froin a 
submarine torpedo tube by conventional methods. 
AS shown i n figure 13-17, after clearing the 
submai·lne, a rocket motor ignites and propels 
the weapon upward and out of the water. An 
inertial guidance system then directs Subroc 
toward Its target. At a predetermlncd range, 
the motor and depth botnb separate, the latter 

continuing toward the tat·get area. Gp:>n reentry 
Into the wnter, the bomb sinks to a preset depth 
!llld the wa rhead explodes. 

Although Subroc is designed primarily as an 
antisubmiu·ine projectile, the target may be either 
a submarine 01· surface sh.ip. The Subroc sys­
tem can fire missiles in rapid succession, an 
Important defense against enen1y wolfpack tac­
tics. In essence, S<1broc may be considered a 
submarine- launched Asroc. 

ASTOR 

The antisubmarine torpedo (Astor) is an 
underwater- to-underwater or surface, "ire­
guided, elecu·!cally powered, high-speed torpedo 
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42.227 
l~igu re 13- 1 7. - Artist• s view of the trajccto1·y of S\lbroc. 

deployed aboard hunter-killer submarines. It 
can carry a conventional or nuclear warhead 
and can be used against surface or underwater 
craft. 

REPllESENTATIVE UNDER\VAT8L1 
t'UlE CO:::.ITROJ. SYSTE:0.1 

Because many operational aspects of spcctfic 
fire control systems are classified, this section 
describes in general terms tho functions of what 
may be considered a representative underwator 
fire conti·ol system. The discussion following 
does not apply specifically to all fire control 
systems on all ships; the aim i s to describe 
the main elements of most systems in order that 
the re oder will understand lhei r functions and 
how they work togother. 

A representative fire control system (FCS) 
solves the attack problem, generates launching 
orders, prepares a weapon for firing, develops 
designation dala for tracking a projectile by rndn.r, 
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and provides a means fo1· comn1und to control 
missile fire. A fire control group consists a 
(1) an attack console or director, (2) a stsbili· 
zation computer, (3) a position Indicator, eDl 
( 4) one or 1nore relay trunsmltters. 

ATTACK CONSOLE 

The attack console Is a compute•· in the dall. 
processing center of the PCS. In addition to 
receiving t0,1•get data from sonar, It may tE 
able to net on target boaring and range fl'-Olll 
n1issile or gun FC radars. 

The console receives Information such ~ 
(1) 0\\~1- shlp course and speed, and (2) target 
range, relat1vo bearing, depUi, course, and speed, 
There may be other input.s, depending upon th 
type of weapon to be lnunched; most inputs m 
generated electronically, while others may te 
inserted n1nnuruly. The console displays the 
attack prol>ltim on the console geog!'aphic plot· 
ter section, coinbining tnrget data with ballistic 
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and own ship n1otion to provide (depending on 
the weapon to be en1ployed) -

1. Gensirated data for sonar tracking and 
posltion keeping. 

2. Launcher !J.'nin and elevation orde!'S. 

3. Missile or torpedo set-in orders. 

4. flange and bearing for torpedo attacks. 

5. Director designation for in-flight tracking. 

From received target 1notion quantities the 
console co1nputes aided sonar bearing and r(lllge 
tracking in!onnation and sends it to sonar . If 
sonar loses contact, the operator places the con­
sole in the position-keeping mode, and attack 
problcn1 compulations continue frorn the last 
observed target rnnge, bearing, course, and 
speed values already entered into the computer . 

Depending on what the inputs to the computer 
are Md the weapon(s) to be controlled, the con­
sole solves the attack problem r.nd u·ans1nits 
to the weapon the firing signal and the stabilized 
weapon train angle. It also transmits to the 
bridge the course to steer for the attnck. (More 
precisely, it puts out cor rections to own- ship 
course.) 

STABILl;:ATION COMPlJTEll 

The stabilization computer receives roll and 
pitch data from the ship's gyrocompass, target 
beai·ing from sonar , and apparent dep1·essio11 angle 
from the attack console, From these quanti tics 
the computer generates stabilized sonnr train 
aud dept·esSion orders nnd l.t•r1.'\smits them to 
sonar. Input and output stnbili 2.ation data a.re 
displeyod on dial indicators on the £1·ont pru1el 
of the con1putcr. 

POSITION INDICA'l'OR 

A position in<llcator on the bridge provides 
command with an indication of the source of 
contact \sonar or radar); n continuous display 
of ov.'tl ship, tul'get, and weapon tactical infor­
mation; !Ill indication of firing reactiness; and 
for so1nc weapons a control by which the com­
rnru1ding officer approves the payload selection. 
For the last, unless connnund activates lhe 
"upproved" conli:ol, the attack console cannot 
generate a firing command. 

RBLAY TR-'\NSMITTP.RS 

In general, relay !J.·unsn1itters rccei ve in­
put data at a pa1·ticulur frequency, then con­
vert it to a different frequency (opernting volt­
age) for transmission to othet• equipn1ents. There 
are 1nru1y types of relay trans1n\tters depend­
ing on the pui·pose for which utilized. This brief 
discussion, of course, is concerned only with 
FCS relay transn1itters. 

One type of relay transmitter tests, pro­
grams, and monitors the ignition and sepru:ation 
assembly data of a selected missile. After 
the missile is selected, the trons1nitter tests 
the power supply, ttu·ust cutoff velocity time 
chrumel, and ai rfrrune separation ti.me chan­
nel to ensure missile readiness fOt' ii1·iug. If 
missile check results are unsatisfactory, another 
missile 1nust bo selected. 

A second type makes the attack console 
con1patible with gun or missile FCSs nnd weap­
on direction equipment. This transmitter is 
used during (1) missile or target tracking and 
\2) missile designation. For the former, the 
tr?.nsmittcr converts single-speed synclu·o tar­
get or missile bearing data into two-speed 
synchro signals for transn1ission to the attack 
console. \Vhen the transn1itter is ut!li zed for 
missile designation, water entry point quantities 
and airframe separation tin1e are received by 
synchro transmissions fron1 the attack console. 
Designated n1issile elevation i s sot in mnrtunlly. 

FIRE COJ\TROL SYSTEM ;\'JK 114 

The Mk 114 fire control system \FCS) is 
used, prin1a.L'ily, to control weapons lmmched 
against underwater tal·gets although It Ctul be 
used to control weapons launched ugwnst surface 
or nir targets. A 1·epresentative Mk 11 'I FCS 
is shown in figure 13-18. /\S illustrated, the 
system receives inputs froni sonar and gun 
fire control or missile fire cont1·01 radar for 
c01nputing ta.rget information. (Keep in n1ind 
thnt this is only a representative Mk 114 FCS; 
other modifications of the systen1 n1ay or 1nay 
not hnve the s3llle components as this one.) 

The following components make up the Mk 
114 FCS: 

1. Alto.ck Console J.l.lk 53. 
2. Stnbili:tatlon Computer Jvlk 134. 
3. Position Indicator Mk 78. 
4. Helny T1·ru1s111itters ~Ik 43, lvlk 44, and/or 

:Mk 45. 
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All units function the same as those described 
in the p~eceding section. 

FUNCTIONS OF THF. UFCS 
IN AN AS\V ATTAC K 

The AfS\V attack is one that takes a ma.xi­
mum amount of cooperation between diffe rent 
stations. The attack teuxn includes underwater 
battery plot, the sonar control rooin , the con­
ning station, CIC, and the weapon mounts. They 
are connected by the sound- powered battle tele­
phones . 

\Vhen a contact is inade, l t is plotted and 
evaluated by CIC, which informs Lile captain on 
the bridge of the r ange, depth bearing, and speed 
of the contact. The captain decides whether to 
attack Md which weapon to use. The sonar opera­
tor keeps the so:iar on the ·contact at all times. 
The attack dh·cctor operator sets up the di rec­
tor a.1d sets the various inputs for the particu­
lar weapon designated . CIC mai ntains a tr ack 
of the contact and supplies the di rector opera­
tor with the initial target course and speed. 

The attack director oper a.tor and somu· op­
erato1· wo1·k closely together until they act>leve 
a solution and so info1•n1 the conn and CIC. 
Corui steers the sbip along the course ns di­
rected by the attack cli1·ector and gives tlle order 
to fi re .. 

Trainable weapon mom1ts arc automatically 
driven in train and will follow the solution of 
the attack director. CIC maintains a plot of sub 
movement. (CIC can be of invaluable help to 
underwater battery plot by keeping thern informed 
of the direction of maneuver of the submarine.) 

There are two types of 1\SV>i attacks - urgent 
and deliberate-and the use of one or the other 
depends on the tactical situation. An urgent 
attack is a b:u·as sing attack on a submtu•ine 
and is delivered in the minimurr1 possible titue . 
An urgent attack is made on a subtuai·ine which 
is in position to menace any ship in the body 
of a force or formati~n. The urgent attack 
normally consists of an attack that i s destruc­
tive in nature and e1nploys all weapons that 
will boai·. Accuracy is usually sacrifict.'<l for 
speed. 

Preparation for a deliber ate attack begins 
even whi le the urgent attack is in progress . 
A deliberate attnck is delivered when the tacti­
cal situntion ullows Lime to obtain accurate 
wenpon datn. The 1nost effective antisubmarine 
w;:oapon required by the tactical slt\lation is used. 

The rlelibcrate nttack is, therefore, a concen­
trated att:i.ck to kill. Any considet·ation other 
than the destruction of the s\lbrnarine is ignored. 

Al\TISU B?ll1\RlNE UNITS, 
t•ORMATlONS, ANO OPJ::ftATIOJ\S 

Antisubmarine forces include surface c1·;t:ft, 
aircraft, su bmal'ines, and shore installations. 
In this section we shall study the AS\~· capa­
bilities of such units -par ticuiai·ly su1·fnce 
craft- and then brieOy investigate how they 
are used in formations dcsib"'ed for ASW. This 
discussion is intended only as an introduction, 
not as a substitute for NWPs and related pub­
lic ations, which are the prilnary sources of tac­
tical doctrine. 

SUHF 1\C £ CRAFT 

Si nce the advent of modern submarines, the 
surface ship has been the prin1ary vehicle of 
nntisubmarine warfare. It is now n1eeting strong 
challenges froni improved sub1n 1,u:ines and the 
niost advanced AS \V helicopters. 

A prln1a!'y advantage of the surface ship is 
its available innnpower . It has more men on 
board thun nny other type of !llltisullmru:ine 
craft. This not only allows more efficient op­
eration, but also enables lhe ship to perform 
othe1· tusks and functions at the same time that 
it i s engaged in A,'3\V operations . The groat 
versatility of the surface ship als9 gives it a 
niarked advantage over ail'craft and submarines. 
Additionally, lhe surface ship has a greitter 
variety of detection equipment: active and pas­
sive sonar, radar, ECM, so no buoys (occasionally), 
and visual . 

Soine otl1er advantages and cha.ractcrislics of 
the surface ship are (1) a great variety of wea­
pons, (2) the ability to conduct all- weather 
operalion, and ( 3) 11 highly uccurate nnd stabili 2ed 
fire control sy:;tem. (The accuracy of sur face 
ship fir e control equ ipment is equal to or greater 
th!ln any o~her ru1tisubm arine c raft .) 

These characteri sties best adapt destroycr­
type vessels (DOS, DDGs , DEs, and f rigates) 
to the following A'ci\V functions: 

1. To search for submarines (either on 
p11trol , in hunter-killer operations, or while 
l:lScorting) , to estublish t11ei r location, und to 
engage in direc t attack upon then1. 
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2. To coordinate AS\V attacks with other 
surface vessels and with !\ircrsft (rotary-wing, 
or fixed-wing). 

The five bi·oad types of ASW operations in 
which tile destroyer-type vessel 1nay engage 
are: 

1. AS\V slrike opel'ations. 
2. Hunter-killer operations. 
3. Pntrol of assigned areas while contin­

uously searching for subn1arines. 
4. Escort of 1nerchant vessels or other naval 

vessels not adapted to AS\V search and direct 
attack. 

5. :'t1ining. 

L-arger ships llke aircraft carriers and 
cruisers are not desi1,.,,ed to mount Ab\V weap­
ons. Some of the converted missile cruisers, 
however, now have Asroc . 

The appcarMce of new equiprnent and weap­
ons and the n1odifico.lion of their older counter­
parts have resulted in the demand for more 
modern versions of AS\V units . These inay be 
bt·and new units or highly modified ships 01· 
subn1arines of our /\S\V forces. Some exrunples 
of AS\V units follow. 

Jvlany ships of the DD type have undergone 
improvements tlu·ough the fleet rehabilitation 

and modernization (FHAJvl) prograin. (Figure 
13-19 shows a Fori·est Shennan class DD which 
has gone through the FRAM progrnn1.) Included 
in tho progrrun is the latest in AS\V aquipment 
such as a variable depth sonar (VDS) and Asroc. 

Newer destroyer- type Ships such as DEGs, 
DDGs (fig . 13- 20), Md J)LGs (fig. 13-21) also 
have the latest in AS\I' armament. 

T HE AIUCUAFT CARRIER n; 1\S\V 

Carrier task forces are the principal offen­
sive formations of the Navy. The n1obile air­
power of carriers is used for employment 
against submarines and their bnses, surface 
ships and their yards, aircraft and their air­
fields, and for support of amphibious, land, and 
air operations as well. Its Importance in carry­
ing out the 1nission of the No.vy paradoxically 
n1akes the cru·rier ai1 AS\V linbilily because, 
basically, th~ co.rrier has no direct defense 
against subn1arinc attack. \Ve lost but one attack 
cru·rier to sub1narines in all of \Vorld \Var II. 
However, if we consider the advances made in 
sub1narine capal>ili lies since then, its menace 
incr-eases drainatically . To take the most deva­
stati ng concci vablc combinatlon potentially avail­
able at the 1noment, we must p1·otect :.igainat 
a fast advanced L-ype of submnrine o.rn1ed with 
rocketborne target-seeking torpedoes, per hnps 

3. 75-943 
Figure 13-19.- 0SS J3lnndy (DD 943) . 
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3.77-20 
figure 13-20 , -USS G<>ldsborough (IJIJG 20) . 

134.84 
Figure 13-21.-USS Halsey (DLG- 23) . 

with atomic war head. To protect the fast car­
rier tnsk force against th:is tlu·eat demo.nds in­
clusion of CVS- type car1·iers (equipped with 
aircraft designed for 1\S\V operations), a circu­
lar screen of dest1·oyers, an outer screen of sub­
marines, and inner sc1•een of destroyer "pou.n­
ce,·s, • • plus radar picket destroyers, and radar 
picket submaiincs. (Figure 13-22 shows such a 
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format.ion.) The ASW capability of a cart·ier is 
in the aircr aft aboard, not i n the ship Itself, 
although some carriers have AN/SqS-23 sonar 
sets. 

The CVS- type carr ier witll hunter/ki ller 
te:un Is the most effect! ve offensive antisub­
marine force yet devised. It wi ll be described 
later in this chnpter. 
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110.114(110.~ 
Figure 13-22.-'l'ypical task force steaming formation with two aircraft carriers, a cruiser, ao: 

circular destroyer sc1·een. 

A!RCRA FT IN AS \\i 

1\ lroraft, including :;uch fixed-wing types as 
fighter plMes, patrol bombe1·s , tU'ld seaplanes, 
plus helicopters, have the 1tbllity to investigate 
distant ooutacts rapidly and aro completely in­
vulnerable to submerged submarines. However, 
unfavorable weather can ground aircraft, both 
carrie1· and shore based, and high seas can 
reduce radar and visual detection probabilities 
to the vanishing point. 

F IXEO- \VING AIRCRAFT (fig. 13-23) have 
r adar and EC.ll-1 equipmenl which are effective 
if the submarine e:q1oses all or p(ll't of itself 
above the s urface . Ag11i nst submerged subma­
rines thoy can use r adio sonobuoys. An ex­
perienced sonobuoy operator ca.n distinguish one 
type oI suhnlarine from another and even recog­
nize lhe type of propulsion plant. Under good 

442 

sound conditions a sub prootiedlng at high spee: 
on Diesel s hus been he(ll"Cl ns fa,1· as ton mile1, 
The use of sonobuoys is restl'ictcd, howeve!, 
because only a lin1ited nu1nbcr can be carrie 
In the plane , Finally, fixed-wing aircntft lum 
M/\D (Mngnetic Anomaly Detection) equipmen~ 
but )lAD is only effective when tho submarine'! 
position is fairly accurately known. 

Fixed-\\~ng aircraft can attack submari 
"1th depth bombs (simUru; in principle to dept 
cha.r:ges launched from sul'foce ve:isels, cxCE!!l 
thal they are fuzed lo explode either hydrc· 
statically on reaching a certain depth, or ai 

contact with a solid target) . Present doclrire 
in·~lucles ns n normal method the use of homiJl 
torpedoes by aircraft against submarine:; . 

'l'he antisubmarine helicopter is also a 
clficienl search unit and is capable 0£ ntlatl 
as well as detecting and locating. It carrill, 
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134.95(110fl) 
Figure 13-23. - Fixed- wing type aircraft in AS\V. 
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soaar cq1lpment and homing torpedoes. The 
ASW helicopter mission is to: 

l. Detect, track, o.nd <Jestroy subma.l'ines, 
singly or in conjunction wi th other aircraft or 
s ur face forces. 

2. Pro\•ide AS\V search and screening serv­
ice for task convoy escort, and harbor defense 
forces. 

3. Operate v,,ith /\SW hunter- killer forces . 

SUBMARlNES IN AS\X/ 

The submarine is itself nn effective antisub­
marine vehicle. It o;i.arates in the s ame medium 
\\ith and shares tile target• s advanta,,ues of con­
cealment and passive detection. It can, like the 
tai·g-et, take advantage also of the sound refract­
ing properties of sea water, and it can truck the 
taJ.·gct with less distrac \Jon caused by thi s phe­
nomenon. Like the targot submarine, it can go 
deep enough to escape the effects of surf ace 
waves and winds. It can hover silent and mo­
tionless for long- range passive listening. 

Tho submarine can be employed in protect­
ing the c apital ships of n fast carrier task 
force, in detecting enemy submarines while 
wo1·king with a hunter-killer group, and i n sup­
plementing and protecting r odar picket clostroy­
ers . Suhmitri nes can precede a fast cai·rier 
strike Corce into enemy waters to function us 
antisubmttrine screens and as mi 'lalayers. 

Like any ofuer vehicle, the AS\X/ submarine 
has limitations. To find lhe enemy submarine, 
tho ASIV .~ubmnrine n1ust be deep, but to com­
municate this infonnalion to the surface forcos 
it inust bo shallow. To maintnin the siloncc 
essential for most effective listening, it must 
not inove. But to get in.formation to so1neone 
who can do something about it. the 1\S\V sub 
must break off tile contact or expose its loca­
tion by surfacing to communicate. And of course, 
an i\S\V subn1arine is always faced with tho 
nerve- racking possibility of being mistaken for 
the enemy by its own force. These (lisadvantages 
will In some degree bo overcome by develop­
ing new conununication methods which will en­
able the submarine to remain in positive, rapid, 
and reliable voice con>mun!cation wilh the re­
mainder of the force while remaining submerged. 
Successful multiship coordinated operations de­
pend on reliable conununications and the sub­
marine cannot participate until adequate com-
1n1utic11t.ions have been developed and made 
available to the forces afloat. 

The most effective antisubmarine submarine 
is the nucleo.r . These ships have as their strong 
points the counterparts of the lwo major weak­
nesses of conventional s ubmarines. Nuclenr 
ships are fast, whereas conventional subma­
r ines must operate at very s low s peeds unless 
they are to be forced to surface or snorkel in 
a short time. 

Furthermore, nucleai· submarines can go 
out and remain subn1erged on station for ex­
tended periods, whereas conventional subms­
rines must have recou1·se to the surface fre­
quently for battery 1·echarglng. Conventionlll 
submarines must nlso withdraw to friendly 
waters to i·eruel, unless they desire to take the 
risk of surfacing in enemy waters to refuel. 

AS\V SHORE JNSTALLATIOKS 

Shore installations cannot participate in tbe 
offensive /\S\X/ operations that the n1obile units 
so far mentioned can perform, but they have 
important defense functions . 'They have cog­
nizance over harbor defense submarine-<lctco­
tion systen1s uSing radar , sonar, magnetic loops 
(large rectangles of cable lald across the ocean 
floor which detect any di~to1·tion of tile ea1·th's 
magnetic field caused by an i ron or steel \Jody 
crossing tho cable), heralds (a pM;sivc sons.I' 
system), hydrophones, and sonobuoys . Nets an<I 
mine fields ru·e used in acturuly bloching sub­
marines and torpedoes. 

An ideal harbor defense detection system 
consists of magnetic detection 100ps (or earl)' 
warning hydrophones) to seaward, hydrophones 
or sonobuoys to back up the loops, and herulds 
(long-range operator-cont.rolled sonru· near tho 
approaches to the harbor, a11d short- r ange sonar 
units guai·ding the inner hai·bor). Surface and 
sir patrols arc responsible ror the ocean area:; 
to ll\e approaches of tile harbor, 

Al\TlSUllMARINE OP ERATIONS 

Since we are prilnarily h1te1·ostcd in /\SW 
as it relates to destroyer typo surface vessels, 
let us consider briefly those types of AS \V oper­
ations in which such vessels participate. 'These 
are tile AS\V strike, hunter-killer operations, 
/\S\V patrol and search and protect! ve escort 
or screening. (Destroyer vessels also perform 
AS\V m inln.g, but this operation does not involl-e 
AS\X/ detection equipment 01· weapons and is not 
taken up In th.ls text.) The llm!tcd gener'nl dis­
cussion to which this text is confined is not 
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to be considered a substitute for study of doc­
trinal publications such as N\VPs, N\VIPs , and 
related instructions issued by such authorities 
as CruDcsLant. 

AN'l'ISUBJ:v1ARINE STRIKES 

The AS\V strike can be considered the retn­
edy to the submarine problem. Just as it is 
more effective to destroy the breeding places 
of disease-bearing mosquitoes than it is to 
swat al tllern even with very efficient swatters, 
it is more effective to destroy or reduce the 
eneiny's ability to fabricate submru:ines than to 
attempt to destroy those already at sea. Even 
the most efficient AS\V cainpaigns of the past 
did no inore than keep the enemy submarine 
population ln check. 

AS\V strike operations are offensive opera­
tions di1·ected against bases and installations 
which produce and nuuntain enen1y subm!U'ines. 
If successful, they not only reduce or prcYent 
production of submarines, but also inake it pro­
gressively rno1•e difficult for the ene1ny to keep 
in sei·vice the sub1ntu'ines he has. 

AS\V strikes differ s ul1stantinlly from other 
attack operations only in the nature of thei r 
targets. 

HUNTBH-KlLLElt OPEHA'l'!Ol\S 

A h·~nter-killer (HUK) operation is a sus­
tained ASW search and attack by an organ­
ized group of naval units i n tul area in which 
subm!U·ines <ll'e thought to be located. J\ny cotn­
bination of ASW ships ru1d aircraft may be used. 

In the typical hunter- killer operation the 
CVS-type carrier, screened by five or tnore 
destroyers, will e1nploy em'ba.rked fixed-wing 
AS\V seitrch aircraft and helicopters in fill 

offensive seal'Ch patrol. When either the air­
craft or the s urface screen contacts a sul>ma­
rine, the detecting unit will becon1e the contact 
area commander (CAC), and a search attack 
unit (SAU) of at least two desttoyers will be 
detached to assist in the development of the 
contact. In the n1eantim;;,, tbe aircraft will attempt 
to develop the contact in an effort to localize 
and destroy the s ubmarines. If initial d·~tection 
is acco111plishcd by visual sighting, radar de­
tection, or possibly by J:v1AD or ECJ'.11 (elec­
u·onic countermeasures) getu', it will be localized 
by employment of electronic counterrn,.easures 
such as sonobuoys (fig. 13-13). If the target 
position can be accurately located, the attack 
aircraft inay attack with one of its weapons 

s uch as a,.., ato1nic or conventional depth bo111b, 
homing torpedoes, 01· rockets. Decision as to 
who takes con1mru1d in the contact n.rea is 1nade 
on the spot and it can change from one unit to 
another as the situation develops. Generally, it 
rests in the unit with the best over-all picture 
of the situation or the strongest contact witll 
the subtnarine. 

Hunter- killer oper ations n1·e divided into 
three phases: 

1, The extended search by aircraft, i·esult­
ing in a contact and attack on the sub111arin0 by 
aircraft .. 

2. The approach of the SAU to the submu:rine 
contact area (datum) to cooperate with Ute air­
craft, if the aircraft attack has failed. 

3. The local seai·ch and attack by a search 
attack unit (SAU) in cooperation with the air­
c.rnft. 

Once a contact has been difinitely estab­
lished as fill enetny submn\'ine it must be 
attacked until destroyed. 

Fig,ure J 3-24 shows sche1natically the se­
quence of operntio;is in one type of attack. In 
part 1, fixed-wing nircrnft conduct a systen1atic 
search of Uie area, finally detecting a surfaced 
suhma!'ine by radar. Next, as its status and 
identity are investigated, Ute subn1arine dives, 
and the aircraft drops a group of sonobuoys 
so that it can keep tr·acking the submerged 
target while it calls in smiace units of the 
hunter-killer group and directs (vectors) them 
toward the sub. By this time it is necessary 
to reestablish the location of the subm;u·ine. 
The ships and aircraft do this in cooperation, 
Tho ships search by sonar; helicopters 1nay 
us~ clunking sonai· llllits; the other aircraft 
may drop more sonobuoys. \Vhen the target 
subnutrine is lo~ated, the ships attack, using 
depth charges, rockets, hon1ing totpedoes, and 
such other weapons as are considered appro­
priate. 

This attack pattern is more or less typical, 
and variations of it apply in the other opera­
tions described below. 

AS\V SEAHCH 

1\SW search is the r,-ysten1ntic observation 
by ships or aircraft of a particular area where 
sub1nn:rines are thought to be located. Ships 
are more effective at detecting sub1nerged sub-
111a1·ines, but a.re much slower at it because 
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Figure 13-24.-Hunter-killer operatio11, Schematic. 

of thoir relatively low speed (compared to aii·­
craft) and limited radius of visual and radar 
coverage. Two or more shlps ususlly work 
t.ogothcr in search because they can provide 
1nutul)) support in nn attack and because a 
submai·ine can evade two ships only with n111ch 
mol'e difficulty than it CM evade one. 

f'ixcd- wing rurcraft can survey a wide urea 
relatively quickly, and can efficiently detect 
surfaced and :;norkeling subs, llut their ability 
to locate sulJmcr~d submarines is quite limited. 
Such devices as sonobuoys ui·e effective at t ruck­
ing sul>n12rged submarines only when they have 
been dropped fn.i rly close to the submarine. 
However, search by fixed- wing ai re raft bas the 
additional advantag.: of forcing submarines to 
keep submerged; thls can hundicnp a conven­
tional submodnc•s operations . 
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Helicopters can use dunking sonar to search 
actively for submarines. 

AS\V PATROL 

An ASW patrol operation \s a systematic 
and continuous surveillance Olong a line, either 
stationary or moving, to detect s ubmarines at­
tempting lO cross it. Patrol operations arc act­
ually closely related to search, and similar 
methods arc used. Figure 13-25 illust1·0.tes the 
distinction between pntr·ol and search. 

ESCORT OH SCREENING 
OPERATJO~ 

TO provide maxim1un protection against 
enemy aircraft and subm(l.rines. during wartime 
ships do not traverse the open sea :;!ngly, but 
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110,116 
Figure 13--25. - AS\V search and patrol. Schen1atie. 

in groups . A formation 0£ naval vessels is called 
a force; a formation of merchantmen is a convoy. 
Around the group lo be protccttld Is a screen 
m:llle up of destroyer· type vessels , una an area 
constantly being patrolled by o.lrcraft. The 
screen i s concentrated in the forwll..t'd part of the 
formation. Figure lS.26 shows in simplified 
schematic form how a screen protects a convoy. 
Figure 13- 22 is a photograph of a task force 
and screen. 

DESIGKATION Of AS\V 
fORCES 

F'ot·ces to conduct AS\V operations are desig­
nated in nccordance with their mission. 1\ force 
assigned to locate and destroy subnw.t'ines at 
sea may be designated as a search, patrol, or 
hunter-k.ille1· force. A force assigned to close an 

enemy submurine base, or to close n strategic 
s trait to enemy Sllbn1arines, may be designated 
a mini ng force or a pat1·01 force, nccording to the 
type 01 ope1·ntion. A fo1•ce assigned to pt'otect 
shippi ng i1l seu against enemy subn1arincs may he 
designated ru1 AS\V search, pai1·0J, escort, or 
supporl forco, depending on tlie t:n>e of operation. 
A screening unit can be part 0£ a force, or it can 
be designated as an escort force. The list can be 
extended to Include forces for ihe defense of har­
bors, fixed sea ureas, or a coastal ru·ea. 

E~lPLOY11 P.NT OF A':l\V 
FORCE!$ " 

In a•J:Ution to protec.ting a f!ISl cnrricr task 
force (us nientioned previously) an 1\S\V force 
inay be used in var ious numbers and co1nbina­
tions for antisllbn1arine 0per11tions. This te"-1. 
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110.117 
Figure 13-26. - AS\V escort operations. 

Schematic . 

will take up singleship, multiship, and hunter­
klller antisub1n arne tactics. 

SINGLESHIP AS\V ATTACKS 

In dete1·mining whether to make an urgent 
attack or a deliberate attack, the co1nmancling 
officer or the OOD m;1st consider the tactic;u 
situation and make a decision aln1ost immediate­
ly upon sonni· contact. The considerations for ar­
rival at this decision are stated in Pulled Naval 
Maneuvering Instructions (ATP-1) and in N\VP 
24. In general, the considerations depend upon 
the assigned task of the ship gaining contact 
and the degree of iminectiatc threat to protected 
ships, own ship, or other ships in company. 

· Although an initial contact 1nay be made while 
the ship is at genetal quarters, it is 1nore prob­
able that the norm3l cruising watch wi ll be set. 

In a normal cruising watch, sonar control is 
manned by an AS\V watch officer (supervisor). 
search sonar operator, and s tandby operator. 
The sonarmen assigned to a cruising watch 
must be capable of controlling any type of AS\V 
attack on a sub1nergcd submarine, must be able 
to evaluate any evidence of s ubmarine counter­
attack, and have sufficient tactical knowledge and 
ability to recomn1end course changes and ma.r•eu­
vers. Sonar is usually the only AS\V s tation 
1nanned in a nonnal cruising watch. (This of 
cou1·se does not include the OOD or CIC officer.) 

The members of the general quarters AS\V 
attack team man their stations as soon as 
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possible after initial contact is made. At the 
moment contact is made on an enemy sub­
marine it is irnperntive that every effort be 
made immediately to gain the advantage and 
eiqiloit it by attacking until the subm'1.l'ine is 
sunk. If the contact is in a position to menace 
any ship in the n1ain body of the force or for-
111 ation, an ur gent attack is immediately de­
livered. Deliberate attack follows when the for­
mation is no longer in immediate danger. 

Tests u.t sea have demonstrated that with 
favor able s onar conditions a single i\S\V ship, 
capable of 27 knots or n1ore, and equipped with 
high-power !ow-frequency sonar, can hold con­
tack on a freely evading high-speed, deep-diving 
submarine. Ship' s AS\V attack speed, however, 
is comn1ensurate with the ship's effective sonar 
speed (norn1al around 20 kts.) These tests have 
demonstrated that a single ship cnri . attack and 
repeatedly rei•ttack \\ith i\sroc and simflar stand· 
off weapons with much greater maneuve1ing s1uety 
than she could if another ship were in close 
proximi ty. However, the principle of mutual 
s upport makes it desirable to have a second 
ship in the vicinity ready to be called in to tske 
over the attack. 

\Vhen AS\V attacks are to be by ahead-thrown 
weapons, rocket-assisted n)lsslles, or atomic 
dept.I\ charge, the safety of friendly aircraft is 
a prin1c consider ation. Low-flying aircraft sucb 
as M/l.D equipped planes or helicopters using dip 
sonar may be endangered when the AS\V ship 
uses such weapons. 

MULTIPLE SHIP ,\S\V 
ATTACKS 

!nitiully, AS\V wns effected by sing:leship 
attacks . The AS\\/ attack was a battle of ship 
against boat and captain ngainst captain. Expe1i· 
ence taught us that the exchange rate of surface 
ship for submarine was too costly. A more effi· 
cient and successful 1nethod of attack was re· 
quired. Finully, tacticians evolved the conceptcf 
the multiship attack. By constant training aoi 
ex'j)erin)entation, well-defined and effective multi· 
shlps tactics have been developed. 

A multi ship AS\V action ls any AS\V action in­
volving two or more AS\V ships 1naneuvering ~: 
a prescribed plan. The plun is designed to main· 
tuin the offensive by 1naximun1 rapidity of attaet 
and continuous contact on the f>'Ubmnrine. It is 
employed to n1a:x.imum effectiveness in close-in 
attacks when two ships using ahead-thrown 
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weapons work the submarine over until it is de­
stroyed, or contact is lost and cannot be re­
gained, or I.he AS\V action is terminated by higher 
authority. Successful two-shlp coordination de­
pends on rapid and r eliable voice conllllunica­
tions and co111plcte exchange of in£01·mation and 
intentions , Additional ships if available are em­
ployed ns supporting s hips by putting them on 
n Ci role tu•ound t.he contact or on a fence pre­
pared to take over t.he attack or commence a 
search if contact is lost. 

The new concept in . ..S\V employs the long-­
range, standoff technique, This of course is 
due to the recent and continuing development of 
long-range AS\\' weapons, such as Asroc and 
Subroc. The destruction of submarines at lor,g 
r ange l s desirable; however this ideal situation 
will not always be possible. Thus, single and 
multislllp /\SW attack.-s nlay still !Jc used when 
the situot.ion arises. 

FUTURE OUTLOOK 

No inlllvidu~ll piece of equipment or type of 
weapon oan solve the AS'N problem. l\ow, and 
in the future, the task group commander must 
ecnploy Ills various AS\V units, either singly or 
in a comblnution, to attain their greatest ad­
vantage. Each type of ship, s ubmarine and air -
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craft has !Ls particular function; each has its 
definite llmitations. For exruuple, a destroyer 
has great underwater tracking and attack ability 
against ene1ny submll.rincs, but is litnited in 
speed; moreover , its performanco Is hampered 
consideralJly by rough sens. By the same token, 
the submarine is a supe1'b sonru:- detection 
vehicle, and cnn operate deep enough to escape 
odverse sea conditions that plague surface ships . 
Diesel submarine endurance capability, un­
supported, approaches 60 days. Thls exceeds 
that of any conventionally propelled destroyer 
type. Kuclear types of course far exceed this 
figure . 

Constantly weighing the array of weapons 
at his disposal, the tnsk group comn1ander 
selects the one (Or t.he combination) that best 
accomplishes the tusk at hand. 

Tactics will change with new develop111cnts 
of detecting equipn1ent nnd weapons. Today, 
however, and in the near future, it still will 
require tho co1nbined effo1·ts of all types of 
AS\V units to meet the submarine threat. 

Our AS\V forces of the future will include 
many ships and weapons unfam!llar to us now. 
But the most advanced hardware, alone, "ill 
never assure victory, At t.he base of the tac­
tical problem arc the officers nnd men who 
will put this hardware to use. 



CHAPTER 14 

ORGANIZATION AND COMMUNICATIONS 

The mll!t3ry potential that any mode1·n u. s. 
combat shi!l possesses is a function not only of 
the trained personnel and powerful armaincnt 
aboard, but also of how they are org1.mized to 
accomplish the miss ion the fleet has as signed 
to them. 

In U1e preceding chapters, you learned the 
f\tt)damentals of U1e ''con\•entio11al' ' \veupo11s that 
make up U1c ln>ldeJ·n U.S. l\avy's shipborne 
arsenal, This chapter presents the funci3lllentals 
of shipbo<trd battle orf(anization on combat ships, 
and briefly describes the comniun!catlons sys­
tem through which the ship'~ fighting potential 
is coordinated for its most effec tiveemployment. 

FU:'<L>AM£J.'"fA LS OF SHIP' S 
OHGANIZA'lIOl\ 

Any ship's organization is based fundamen­
tally on instructions issued as l'\\VPs by the 
Chief of Kava! Operations, par ticularly l'\\VP 50, 
Shipboard Procedures , and ;\WIP 50-1, Rattle 
Control. ~'tandard organization manuals is.sued· 
by .. }\tl'1ntic 11.nd Pacific Fleet type commanclers 
(e .g., Communder , Cruiser- Destroyer Force At­
lantic) follow these Cl\O instructions as a guide , 
and individu11J ships set tip their organization 
structures in 11ccorda11ce with these. An in­
dividual ship's organization is promulgated in Llie 
Ship's Organi?.atlon and Regulations )lanual and 
the Rattle Organization Manual, Other organiza­
tion medi'\ such as charts and 1>0stecl ship's 
bills are based ult imately on these sources. For 
details on shipboard organization not discussed 
in these pages , consult these sources . 

A ship's organ ization may be bused on its 
complement or its allowance, The complement 
includes the officers and men (by number, rank, 
and rate) assigned by the Chief of l\aval Per­
soll!lel to the ship in time of war. The allowance 
(n smaller nuniber) itemizes the personnel as ­
signed to the ship in peacetime. (The actual 
population of the s hip is the on- board count or 

manning level; this may be yel another number, 
or it may correspond to the complement or 
the allowance.) 

In compliance with "'\VPs , a ship's ol'j(aniza­
tion normally is set up in five major parts -
U1e battle bill , the administrative organization, 
the watch organization, the organizational bills 
(adini ni strat ive, operational, a"d etnergency). 
and the ship 's regulations. \Ve are here pri­
marily concer ned wiUi the ship's org-anizalion 
as it functions in battle (Or simulated battle} 
and related operations; from this point of view 
the most important parts of the organization are 
the battle bil! and some parts of the organiza· 
tion bi lls. 

A bill, by U1e way, is a written directive that 
prescribes a procedure for performing some 
operation, such as bert11ing the ship, or for 
dealing with so1ne specific situation or emer· 
gency, such as fire, or for performing battle 
operations. A bill lists the things to be done, 
the material needed, and who is to take action. 
It identifies these last not by name but 01• 

gani zationa lly by billet or othe1· organizational 
clesip:nation, 

PURPOSES AND PROMU LGA TJON OF 
l:lATTLE ORGANIZATION 

The purpose of the battle organization °" 
any ship Is to: 

(1 ) Organize the ship for battle and for war· 
time cruising by assignment of perso1mel to duly 
stations under the various prescribed degrees 
of readine~~. 

(2) Define con1munications between battle con· 
trol stations within the ship, and pro,ride infor· 
ination on interior communication system. 

Type commanders, under the direction cl. 
fleet commanders-in-chief, are not only re· 
sponsible for furnishing to s hips of the type an 
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appropriate outline of battle orga.>iization, but 
also for coordination between commanders of 
the same type in different fleets . This assures 
a practical uniformity of battle organizations 
for all ships of a type. Thus, interchange of 
persoimel between ships or of ships between 
fleets does not present a major problem. 

OATTLE CONTROL STATIONS 

The key elements of a ship's battle or­
ganization are the battle conh'Ol stations. The 
commanding officer must rely on officers at 
battle control stations for the execution of his 
commands . Most primary stations control sec­
ondary stations. 

The e ight prilnary battle control stations 
in comba.t ships of the :-favy include: 

1. Command conti·ol 
2. Ship control 
3. Operations control 
4. Primary flight contro l 
5. \Veapons control 
6. Engineering control 
7. Damage control 
8. Mine counterineasure control 

Figure 14-1 shows commwucation lines be­
tween primary and secondary control stations. 
Since the diagram is a general one, it applies 
to specific types of ships only insofar as the 
type possesses the e lements concerned. Pri­
mary 'flight control, for example, obviously 
doesn't apply to a destroyer. However, the or­
ganizational principle of using primary and 
secondary battle control stations as key points 
or nuclei abOut which the battle organization is 
constructed applies universally. 

COMMAND CONTHOL 

Command control is exercised by the com­
manding officer at h!s battle station, which may 
be on the br idge or In commanding officer's 
tactical plot. From this stat ion he directs the 
ship's course of action in battle by exercising 
control over all the primary battle contro l 
stations. :Watters of panunount importance to the 
commanding officer during battle are the orders 
of his seniors in tactical command, conditions 
within the ship that affect his ability to carry 
out those orders , and information on external 
developments which have a bearing on tho 
battle. His main responsibilities are to inform 
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primary battle control officers of his objectives 
and to render decisions in matters having major 
influence on the combat effectiveness of the ship. 

SHIP CONTROL 

Ship control is under the immediate direc­
tion oi the officer of the deck who is located on 
the bridge. The main functions of ship control 
are: 

1. Comiing the ship, as ordered by the com­
manding officer. 

2. Maintaining operational conh'Ol of tactical 
m•111euvering co1nmu11ications. 

3. Keeping other battle control stations in­
fonned of ship' s maneuvers, present and an­
ticipated. 

Ship control receives direct assistance from 
CIC. commanding officer's tactical plot, a navi­
gation detail, a signal detail, tactical voice 
raciio operators, lookouts, steersmen, te lephone 
talke1·s, and messengers. An efficient and de­
pendable ship control aids co1nmand control by 
permitting tlie co1nmanding officer to concen­
trate on tl1e larger p1'0blems in fighting the 
ship. 

OPERATIOXS CO:-fTROL 

The prilnary objective of operations control 
is to assist command control in plaruilng the 
correct course of action and to assist command 
and key battle co11trol officers in executing that 
plan. Operations control is collectively applied 
to t11ose acti vitle~ under the cognizm1ce of the 
ship' s operations officer, which are: 

1. Communications control 
2. Air operation~ 
3. Aircraft contl'Ol 
4. Electronics casualty control 
5. NTDS casualty control 
6. Information control 
7. AS'.V control 
8. \Veapons coordination 

Operations control emanates fl'Om the ship's 
CIC which , on many ships, Is the operations 
officer's battle st.ation. The principal battle 
funct ions of operations control are to: 

1. Keep command conh'Ol informed of t11e 
tactical situation. 
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Figtire 14-1. - Representat iye battle orga.riization chart. 

2. Assist ship control in carry ing out its 
functions. 

3. Per form operational evaluation. 
4. Operate voice i·adio circuits. 
5. Conduct radar search, identification, and 

tracking. 
6. /\11alyze and/or conduct electronic count­

ern1ea&ul'es. 
7. Plan operational schedules for aircraft 

(aboard aircraft carriers). 
8. Perform a ire raft control duties. 
9. Assist sonar search and tracking (AS\V 

ships). 
10. Perform combat intelligence duties. 
11. Assist weapons control in target ac­

quisition and designation. 
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12. Assist torpedo control in solving torpedo 
attack problems. 

13. Obtain weather and aerological data. 

PRIMARY !•'LIGHT CONTROL 

Primary flight control consists of the CO!!' 

trol of shipboard aircraft handling and thoso 
opc1·ations incidental to launching a11d recover1 
of aircraft. During flight operations , 1he ai1 
officer is responsi ble for these operations, as 
well as the visual traffic control related to these 
functions. The air officer's battle station Is 
primary fly. He recel,,es his orders here di· 
rectly from co1nmand control. During routil*­
flight operations, the assistant air officer iE 
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also stationed at primary fly. Under battle con­
ditions he ls at secondary fly. 

WEAPO.NS CO!ll"TROL 

\Veapons control is under the dlreot and posi­
tive control of the weapons officer. The weapons 
control station (fig. 14-2) provides central­
iied coordination and monlto1·ing of missile 
systems and gun batteries. Located here is the 
equipment which furnishes displays and controls 
for selecting and tracking targets, for evaluating 
and processing data, for assigning targets to fire 
control systems, for loading the launcher,andfor 
firing n1iss!les at the optimum lime. 

Target Indications are presented on the tar­
get selection and tracking consoles. The selected 
targets are tracked by operators and the target 
data sent automatically to a director ass ignn1ent 
console. Here the relative threat of the ta rgets 
is again evaluated, priority of en.11:a.11:cment de­
termined, and assignment of a missile or gun 
fire control director made. At the same time, 
loading of the launcher is ordered for the top 
priority tar.11:0t from the weapon assignment 
console i( director assignment has been made 
to a missile fire control system. Targets un­
suitable for missile engagement are assigned 
to gunnery fire control equipment for separ ate 
processing. 

ENGINEERING CONTROL 

Engineering control is the engineer officer's 
battle stntion. Located at main engine control 
or a central control station, he superv;ses con­
trol of the main propulsion plant u.nd auxiliary 
equip1ncint. 

The principal battle functions of engineering 
control a.t·e to: 

1. Supervise the operation and m11intcnancc 
of the main engineering plant, 

2. Exercise casualty control procedures. 
3. Keep command control informed of the 

main engineering plant casualty status. 
4. Assist dama,,<>e control In such functions 

as flood control, maintaining stability and trim, 
fire fil(btln11:, damage repair, and maintenance 
of watertight Integrity. 

DAMAGE CONTROL 

The Damage Control Assistant (DCA) ex­
ercises contro l from his battle station in damage 
control central. On some ships damage control 

453 

central Is located in a central control station 
with engineering control. On other ships it is 
in a separate compartment of its own or at a 
designated repair par ty station. 

The damage control battle orgruilzation is 
composed of damage control central; repair 
parties for hull, propulsion, weaponry, and ai r ; 
and battle dressing stations. The weapons de­
partment, among others, is responsible for con­
trol of dnmage to its own equipment. There must 
be no doubt in the minds of the ship's persoruiel 
as to who ls responsible for ta.king either nor­
mal or emergency action for damage control. 
Each officer and man must be familiar with the 
damage control organization of his ship and his 
0"11 responsibilities to it. 

There arc two principal phases of damage 
control. They are the preven\l ve phase and the 
action phase. The preven~\ve phase begins with 
the preliminary design of a ship and continues 
throul(h the construct ion, organlzatior1, mainte­
nance, and operation of the ship. Efforts on the 
part of all departments in maintaining material 
readiness, training of personnel, and exercising 
readiness doctrine help place the ship in the 
most fav'Orable condition to withstand damage. 
The action phase begins af~r the ship Is dan1-
aged. This phase requires the damage control 
battle or11:ru1ization to take steps to promptly 
restore the offensive and defens ive potential of 
tile ship. The action taken is the cumulative 
result of the training and material preparations 
conducted during the preventive phase. 

Ml:-IE COUNTERMEASURES CONTROL 

:\line countermeasures control ls a collective 
term applied to all minesweeplng and minehunt­
in11: functions which are within a ship's capability 
to perform. 

Mhiesweeping procedures consist of sweep­
ing an area of water for mines, either by cover­
ing it or· traversing it with mechanical or ex­
plosive gear which physically removes or 
destroys the mines or by producing the influence 
fields necessary to actuate the mines. Direct 
control or minesweeping operations is exercised 
by the mine countermeasures officer whose 
battle station is on the bridge or In CIC except 
•.vhon actually using or recovering ininesweepin11: 
gear, at which time he is on the fantail. 

Mlnehunting includes all measures for de­
tecting, accurately locating, ldcntliylng, and 
clearing mines individually. This clearance 
may be accomplished by explosive destruction , 
rcnderln.11: mines safe and disposing of them, or 
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by sweeping. Overall control of minehunting runc­
lions is exercised by the operations officer, 
whose battle st.atton is In CIC. ~li ne disposal is 
!he function of qualified Explosive Ordnance 
Disposal personnel and Is under direct cont rol 
oi the officer in charge of the EOD learn. 

Channel <.--onditioning, which includes all 
measures fol' Uie clearance of mines and mine­
like objects in areas and <:hatu1els plmmed to be 
used in time of war, is a \l•U't of minehunting 
when not specl'fically assigned to an EOD tean1. 

B . .>. TTLt:; ORG/\Nl~AT!ON 
1"1 U.S. NAVY SHIPS: 

OPERATIONAL ASPf:CTS 

During battle there seldom Is time for ler.gthy 
consideration of the problems presented. To 
arrive promptly at a satisfactory solution, it is 
necessary that tlie more probable contingencies 
be anticipated and provided for. A basic weapons 
doctrine in writing, promulp:aled by the type 
commander, helps prepare the ship to: 

J, Overcome surprise. 
2. Develop maxinmm effective fire power in 

a minimum of tin1e. 
3, Make use of ~.II aut<>n1atlc foatures of the 

equlpinent 1n·ovided. 
4, Simplify methods of control a!ld provide 

each echeloll ,~;th a clear-cut delineation of 
responsibility and authority. 

5. l::nsure automatic and !!lstantancous shift 
to secondary or auxiliai-y methods, with the re­
placement of personnel as necessary in the 
e,·ent of casualty or dama)!e. 

In concrete terms, weapons doctrine for his 
ship gives to a junior officer :icttng as di rector 
officer (or in some similar station) inst<mta!leous 
guidance in 11nswering and actillg upon 11uch 
urgent questions as the fo\101111lp:-questions that 
demand quick action whell you' re faced with 
what may Wl:lll be a p:enuine enemy target: 

1. 1.'vlust r get the captain's permission to 
open fire? 

2. At what range •nay I open fire? 
3. Tf there are several targets, how do I 

decide v."hich to fire on first? 

And there are many other decisions that your 
ship's weapons doctrine is designed to guide 
you ill makingwhenyourshlpls lno.clion. \Veapons 
doctrine specifies not only what you are to do 
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in any of ~1 number oi given <:frcun1stanccs, 
but also indicates 1..tiut you may exPect of othc1-s, 
as well as what others expect of you. On any 
U.S. Navy ship you will find a special file or 
con1pilation of weapons doctrine, which you are 
e.-.-pecled to learn and follow withO\lt delay. Your 
ship's doctrine is in turn based on in:>re general 
doctrine to be found in NIV!P 50- 1 <Uld in di­
rectives issued by type <>oniinanders and other 
competent authorit ies . 

THE SECT!Ol\ A:\D THe 
BATTLE ll!LL 

The pri1nary orp:anizatiomll unit of the ship 
for administr ation , watch standing, and lilierty 
is the section. Each di\•ision is broken down 
into three approximately equal sections, each 
completely adequate to maneuver and fighl tht: 
ship within the limitations of the available pe1·­
sonncl. Each ship assigns •ln adequnte nuinbe1· 
of p1·operly rated and qualified men (assig11-
111e11ts :.\ 1~e shO\Vl'I on the \Vatcl1 , quartet", a11d sta­
tion bi ll) to man stntlons for ::iny eventuality , 
including tbe st.aUons for getting underway 
(Special Sea ru>d ... nchor Detail} and proceeding 
to sea for limited opel'<'•lions, as ll'l<lY be re­
quired by weather, s u!'t»·ise hostile itetivity, or 
othc1· emergency s ituallons. 

Assignment of all personnel to lndi vidunl 
battle stations is made in the battle bill, which 
is in chapter 3 of each ship's Battle Oi·ganiza­
tion ~lanual . Officers a re assi1tned by billet 
(job title). Enlisted 1)ersonnel are assigned by 
billet number. A billet number h; made up of a 
series of numerals , or a comhinatlon of letters 
and numerals, \\tllch Indicate a man's di v-ision, 
his section, and <ususlly) his seniority or prec­
edence in his section. As an example: 

Biilet :\o, Description 

1- 204 - - - - - - - - 1st divis ion, 2nd section, 
4th in seniority. 

The battle bill lists the stations which must 
be numned unde1· battle conditions and indicates 
the pcrsonn~l requi rements for manning those 
stations. The numbers , ranks, and rate..'! Of 
personnel assigned to battle stalions ~ the battle 
bill should agree with the ship's wutime com­
plement and peacetime allowance lists. The 
i>attle bill's summat'y Is useful to di\1sion of­
ficers when m;il<ing up the division watch, 
quart.er, and station bill. 
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'A'ATCH . QUAHTER. Al'ID 
STATIO~ BILL 

The watch, quarter, and station bill is the 
division officer's summary of the assignments 
of personnel to duties and stations specified 
in Uie battle bill and in each of th e other ship's 
bills, which are cont<dned in the ship's Or­
gani zatlon Manual. One of the g'Onls of Uie bill 
is to attain a smooth transition from one con­
dition watch to another, thereby eliminating con­
fusion and conflict of watches. Its primary pur­
pose Is to inform division personnel o! their 
assignments. Technically, this Is considered 
accomplished when it is posted on the buLl<llead 
in the division. In practice, the division officer 
should dlssominate this information to the men 
in his division, especially where there is a 
large pi'Oportion of new men. 

The watch, quarter, and station bill s hows for 
each bll!ct the name and rate of U1e individual 
assigned, the stat ion he is ass igned for cleaning 
and maintenance, where he ls quartered, his 
assignments in all condition watches (!ncludlnit 
Condition 1 or General Quarters- this is his 
battle assignment) . and his assignments in 
specific operational and emergency bills. f ig­
ure 14-3 shows a common form of this bill in 
which the assignment information Is entered on 
cardboard s trips that slide into g1'0oves in the 
billboa1·d. 

CONDITIONS OF READIKF.SS 

Conditions of readiness is a general de­
scriptive phrase referrinit to a ship's ability 
to meet the preparedness requl rements for 

combat. ,\n Officer in Tactics! Command (OTCi 
may order a condition of readiness for any <A 
the following requirements: amphibious assaull, 
antiaircraft, antiship, antisubmarine, damage 
control, engineering, or airc1·ait. Conditions oi 
r eadiness do not describe any particular combat 
s ituations and do not establish a specific watch 
organlr.atlon and operational arrangement. The 
phrase is frequently incorrectly used as if ii 
were synonymous with either degree or readines! 
(discussed next) or condition watch (discussed 
later) . 

DF.GRF.F.S OF READINESS 

The objective of all watch organizations is 
security of the ship for all probL\ble conditions. 
Secondary to U1is objective is U1e need for an 
optimum degree of efficiency ln lldministration 
of the ship. To maintain such security, or 
r eadiness , and ensure the needed efficiency, 
r equirements for specified degrees Of readiness 
are set down. The amount Of security furnished 
the ship is normally adjusted to the demands o! 
the current situation by use of the six genera: 
degrees of readiness, which are as follows: 

1. Complete r eadiness for Immediate action. 
2. Temporary relaxation from the first de­

gree of readiness to enable personnel to res! 
and to perm! t designated personnel to draw and 
distribute action meals at the! r uction stations. 

3. A part of the armament ready for im­
mediate action, the ren1aindcr on short notice. 

4. A part of the armament ready for im· 
mediate action, the remainder at prolonged no· 
ticc. 

DIVISION 

NAM( 

D. L . '1'0llNSON 

E. HAMIL. TOIV 

p , L. . J<Et.1.y 

BE:RTHING & L OCiCER 
CLEAN I NG ANO 

RA T( LIVI NG BUNK 8 
MAINT£NANC£ 

COW PAR TN ENT lOCK(lll NO 

BMC. A·30SL .rt- I~ ,.., clllf~c 

BA! :i. C- ~OS L. II -.2. 1.v t:/fA.RCE .M~IN' 0~1( 
PfJ1trs1D~ 

SIV C-.to.s-L. 7-J A,f:T.!r"l Cl(G'WS' """""' o 

76.6 
Figure 14-3. - Part of watch , quarter, and station bill. 
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5. Peacetime cn1ising-no artna1nent man-
ned. 

G. No ar1nan1ent manned, ship in port under 
peacetime conditions. 

The general degrees of readiness, as de­
scribed above, define the nature of the tactical 
situation in terms of the probability of attack 
and/or battle action and relate this situation to 
the combat capability of o;vu forces required to 
meet the threat. General degrees of readiness 
apply to the \\!HOLE UNIT, whether an individual 
ship or a task force. 

Particular degrees of readiness delineate the 
specific require1nents for the battle organiza­
tion components with an INDIVID U!\L UNIT. 
Condition watches are derived from the partic­
ular degrees of readiness. 

A modification of a particular degree of 
readiness is assumed by the amphibious types 
for the conduct of aruphibious operations. Th is 
is evidenced by their addition of a condit ion 
called li\ (one alpha). It represents an entirely 
different organization which is used to embark 
and debark amphibious troops and equipment. 

CONDITION \VATCHES 

The condition watches established in the 
watch, quarter, and station bill are derived 
irom the particular degrees of readiness pro­
mulgated in the Battle Organization Manual. 
Condition watches apply to specific shipboard 
watch organizations which satisfactorily meet 
the degrees of readiness prescribed in certain 
situations. They provide the optin1um personnel/ 
operat ional combination. The follO'king tabula­
tion shows the condition watches associated 
with each general degree of readiness. 

General degree Condition 
of readiness watch 

First • • . • • • • • • • • • • • I 
S2cond • • • • • • • • • • • • IE 
Special or third • • • • • • • • II 
Fourth • • • • • • • • • • • • • III 
Fifth • • • • • • • • • • • • • • • IV 
Sixth • • • • • • • • • • • • • • v 

Battle readiness includes conditions I. IE, 
and II. Under condition watch I, for exainple, 
sll ship's personnel man their indi victual battle 
stations. Condition I corresponds to General 
Quarters the full battle readiness condition. 
Under condition watch IE, the requirements are 
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relaxed enough to permit the men to have their 
nieals and brief relief pe1·iods at staggered in­
tervals. Condition II includes two &>eneral de­
grees of readiness, special and third. The special 
degree of readiness is for li1nited action; the 
third degree of readiness is In effect when part 
of tl'ie annament is ready for im1nedlatc action, 
and the remainder is on shoi·t notice. 

Condit ion watch III corresponds to a state of 
wartime cruising readiness. Ship's personnel 
man the wartime cruising watch stations, Includ­
ing part of the ship's ar1nament, on a one-watch­
In-three basis. 

Condition IV is used for peacetime cruising. 
Condition V is for in-port, peacetime conditions. 

INTERIOR COMMUNICATIONS 

A r eliable and easily operated interior com­
munications (IC) system is essential to the func­
tioning of the battle organization. Through the 
IC system, command control directs allele1nents 
of the ship's combat power; primary control 
stations pa.<;s orders and reports; and subor­
dinates exchange inforrnation necessary to per­
form their duties. 

The s ii.,mals trans1nitted in IC systems in­
clude (1) verbal transmission by voice or legible 
words, (2) nonverbal auctible or visible s ignals 
(such as alarms) intended for personnel, and (3) 
electrical signals (such as synchro signals or 
relay currents) to be received and utilized di ­
rectly by electrical or mechanical devices. This 
section is not concerned with the third type of 
s ignal , which has been already discussed in 
coru1ection with the functioning of fire control 
systems. 

VERBAL IC SYSTEMS 

The nun1ber and complexity of verbal IC sys­
tems aboard a ship depend upon its size, type, 
function, and co1nmuuications needs. However, 
on all sh ips the systems are organized along 
parallel lines, and s imilar code designations 
are used, so that, for example, the lJV sound­
powered phone circuit aboard a li&>ht cruiser has 
its counterpart (though somewhat simplified, 
because the ship is itself less complex) aboard 
a destroyer, and is almost Identical with its 
similarly designated circuit aboard another ship 
of the san1e c lass. 
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The principal verbal IC systems aboal·d com­
bat ships that will be studied in this section 
<ire: 

1. IJattle (souncl-powered) telephones. 
2. Aru1ouncing (:\1C) systems, both one- way 

and multichannel. 

Other systems are also used, hut are rela­
tively less in1portant in weapons operations. 
These include the ship's ser\'ice dial telephone, 
voice tubes, messengers , pneumatic tubes (to 
carry written messages), Teletype systetns 
(with h1rge-screen projection of the printed tape 
at the receiving point) , Telautograph, special 
telegraph sys tems like the engine room tele­
graph, and closed circuit television. 

IlATTLE (SOl::\D-PO\VERED) 
TELEPHOKE SYSTEMS 

The most important IC syste1n !s the sound­
powered battle telephone system, in which the 
speaker's voice creates tf\e power that trans­
mits the mess>lge. No outside source of power 
is r·equired. This systctn is therefore 1nore re­
liable in emergencies than any that depends upon 
electric power supplied externally. 

Battle telephones are set up as groups of 
co1U1ected stations rather than as i 1~cli\idual 
stations . When a telephone is plugged into its 
jiickbox it is automatically connected with a 11 
other stations that are plugged into that circuit. 
The connected groups are called circuits. Cir­
cuits in turn are organized into systems: (1) 
primary, (2) auxi liary , and (3) supplen1entary. 

There is a standard method of designating, 
hy syn1b<>ls, every c ircuit in each of the three 
syste1ns. The primary battle telephone system 
uses c'ircuit designations JA to .Jt. Typical 
exarnples '1re: 

J,\ -Captain's battle circuit 
JC - \Veapons control circuit 
JK - Fuze setters' circuit 
.J\v- Ra.nge circuit 

Kurnerals preceding the two-letter designations 
(2J\\) are used to identify indi victual circuits 
\\i th the srune function but pertaining to dif­
ferent batteries (or similar subdivisions for 
nonwe<lpons circuits). Nun1erals following tf\e 
two letters indicate stations on the ci1'cuit, For 
example, 2.1w2 refers to " particular battery's 
1·a11ge cil'Cll it, statior1 2. 

Auxiliary battle telephone circuits are as· 
signed circuit nUtnbers similar to their pr'.· 
marics, but preceded by the letter X; for e.~· 

a1nple, X·JA for the captain's auxiliary baU!i 
circuit, or Xl JC ror the auxiliary turret cont1~: 
ci rcuit. Circu its of the supplernentax-y telephoo< 
systen1 are assigned designations such as x1; 
and X2J thr ough X407 J. 

PRIMARY CIRC'U!TS 

P1·i1nary <:i rcuits ;u·e the n1ain channels ol 
communication for controlling armament, en· 
gi11ee1·ir1g, datnagc cont1·01, a11d ma11eu\.,.ering of 
the shi p. \Vhen the ship is at general quarters, 
each station on " primary cir·cuit i~ nonnil!li 
m:u1ned by either the officer in charge of tlti 
s tation, one of his assistants, or a telephon; 
talker reporting to the officer in charge of !hi 
statio11. These men normally wear headsets, 
so that they may maintain a continuous wa~b 
on the lines. In addition to those headsets which 
are plugged into individual circuits, control 
officers n1ay wear headsets which are connecl<l 
to selector switches which enable them to cul 
into any one of several circuits in which thei 
are directly interested. At other stations control 
officers may have avallable to then1 handsets 
witl, wil ich they may intermittently communicali 
on one or rn'.)re cir<:uits norma lly covered fo1 
them by talkers. (.'\ talker is an enlisted man 
assigned, <•s a principal duty, to n1an a batil~ 
phone station for an officer at a control station,i 

All primary circuits for the ship's armament 
can be controlled and interconnected by switch· 
lx)a t'<ls in the plotting rooms , as well as If; 
seJecl<>r switches. \Vith these switchtxiards. 
conh·ol circuits may be shifted to parallel the 
transmission of information or orders by syo· 
cllro, They also make it possible to t ie circuits 
together, as may be done du r ing wartime cruis· 
ing when not all stations are fully n1anned, or to 
provide emergency con1munication facilities be· 
tween stations not normally connected, and lo 
isolate c ircuits or individu,,l stations when nee· 
essary as, for example, in case of casualty. 

In the plotting room a Fire Control Tectt· 
nician is normally assigned to the fire control 
switchboard, and an I.C. Electrician to the battle 
telephone switchboard. \¥1)en control is switch&l 
fro1n one station to another, they reset bot!: 
boards, This means chu.nging OYer the synchro 
and indicator circuits of one or more batteries 
to connect them to one or tnorc other batteries. 
The ordnance control telephone circuit (JC) mus! 
be switched likewise. This is done l)y making 
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cross-co1mections on the switchboards. The per­
sonnel in the plotting room take care of the 
plugging and switching invo lved. Personnel in 
the director and at the guns know what is going 
on, but they play no part in the actual switch­
ing operation. The I.e. switchboard crew takes 
care of interconnecting other affected circuits 
as required. 

AUXILIAHY, SUPPLEMENTARY, 
Al'<TI El\IERGENCY CIRCUITS 

The am<iliary battle telephone syste1n is a 
standby systen1 which duplicates the most im­
portant primary ci rcuits and is intended for use 
in case the latter becon1e inoperative. It does 
not have switchboards. Therefore, in case of a 
casualty at the switchboard, the auxiliary cir­
cuits may still be available for use. The 1Vi ring 
of the au:»iliary circuits is separated as much as 
practicable fro1n the wiring of the corresponding 
prim01·y circuits to prevent battle dainage to both 
circuits. As the auxill01·y battle telephone circuits 
ai•e not ordinai·i!y continuously maimed, they arc 
generally equipped ,..1th handsets and receptacles 
to connect headsets, when necessiu·y. 

&'upplementary circuits :tre those either not 
important enough or not extensive enough to be 
included in the prlrnary system. Most supple­
mentary circuits include only two C)r three sta­
tions. They are equipped with handsets and are 
usually accompanied by circuit-E buzzer sys­
tems. In mounts and turrets most supplementary 
circttits a1·e conce1·ned 'hritl1 <tn1n1unitio11 serv­
ice. Thus, the supplen1entary circuit found in 
5-inch enclosed inounts is the Xl"i J, which 
connects the top and bottom of the lower am­
munition hoists. Turrets may have inore elab­
orate supple1nentary telephone circuits for in­
ternal use. The Salein class 8-inch turret has 
nine supplementary circuits. One of them con­
nects the turret officer with gun positioning 
and sight-setting personnel, and the others con­
nect various stations of the ammunlcation supply 
system \;ith the gun captains and turret officer, 
Supplementary battle circuits have no switch­
boards, but selector switches can be used to 
intereonnect some s upple1nentary circuits or to 
lie them into primary circuits. 

Emergency sound-powered systems consist 
of portable telephone lines with sound- powered 
telephones attached. This emergency equipment 
is gene1•ally kept on reels located at strategic 
points U1roughout the ship and the phones inay 
be unreeled to serve as a standby in case of 
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failure of normal sound-powered communica­
tions during battle. 

BJ\TTLE ANNOUNCING 
(MC) SYS'l'EMS 

There a re two characteristic types of battle 
announcing systems, One ls the central ampli­
fier syste1n, consisting of one or m~re miCl'O­
phones and loudspeukers. The other type is the 
intercommunications ("intercom") system, de­
signed to provide two-way h·ansmission of 
orders and information between stations. Both 
types use electronic amplification. 

The n1ain announcing system for the ship is 
the 1i11C, or general announcing system oper­
ati ng under the authority of the Officer of the 
Deck, over wh ich word can be passed to all 
parts of the ship. 

The ZlMC is the captain's command an­
nouncing system. This system provides for 
two-way transmission of sh ip control orders 
and information between interested key sta­
tions, including IJ1e pri1nary and secondary 
conning stations, battery control stations, air 
defense stations, combat information center, 
and others. Other electronic amplification sys­
tems of interest to weapons persom1el are listed 
in table 14-1. 

Central amplifier type ~'IC systc1ns have an 
advantage over telephone comm1nications in that 
they trans1nit orders or information si1nultane­
ously to all personnel at a station. Since, how­
ever, their continued use results in excessive 
noise levels , they are nor1nally e1nployed only 
for urgent and s imple m=ssages. 

Intercoms, like general announcing systems, 
have the advantage of attracti ng the attention 
of all hands at a station s imultaneously • . They 
similarly have the clisadvantage of ra ising noise 
levels, itlthough this disadvantage is lessened 
by the fact tJ1at messages are heard only at the 
one station addressed, They are used to paral­
lel telephone con1munications in the case of 
urgent ancl short .messages, and are <llso fre­
quently used to regain co1nmunications when a 
station f<tils to answer on a battle telephone 
circuit. 

The sound-powered telephone system has 
been adapted, in certain cases, so tltat when 
desired, the voice on the sound-powered tele­
phone circuit cru1 be electronically mnplified 
and put th rough speakers. Such a co1nbination 
of the battle telephC)ne with electronic a1nplifica­
tion has the advantages of ~n intercom and a 
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Table 14-1. - Weapons announcing (MC) systems 

CIRCUIT SYSTEi\1 USED PRTh·IARlLY C~ 

Z9lv!C 

46i\1C 

Central A1nplifier Systenis 

Sonar Control Information Surface Shi!< 

Aircraft Carrieu Aviation Ordnance and i\1issile Handling 

27MC 

30lVIC 

32MC 

47MC 

Intercommtmications Systems 

Sonar Control Submarin;• 

Aircraft Carrie'.J 

Surface Shi~ 

Submarin) 

Special Weapons 

Weapons Control 

Torpedo V/eapons Control 

telephone. It is used primat•Hy at battery con­
trol stations for communications to gun rnount 
personnel. This has replaced MC systems in 
these stations on 1nost all ships. 

SIGNAL SYSTEMS 

Telephone and announcing systems are pri­
marily voice communication systems. Besides 
these, modern combat ships are equipped with 
several systems of signals for special purposes : 

1. Train \l\'arning Signals. Safety regulations 
require that before any turret or enclosed m:>unt 
is moved in t1•ain, <1 V.'S.l"nir1g signal tni.tst be 
sounded so as to inform personnel to keep 
clear. The only exception is that the signal 
need not be sounded during general quarters. 
The train warning signal circuit is independent 
of all other IC circuits, and consists of a push­
button control switch at the n1ount captain's 
station, bells outside the mount, and the nec­
essary \\iring and power supply. 

2. Call-Signal System (circuit E). The call­
signal system (circuit £) parallels the s upple­
mentary battle telephone circuits and voice 
tubes. It is not used independently; it always 
parallels a voice communicatio11 line. It con­
sists of power-supply units, pushbutton swi tches, 
and buzzers or bells. 

3. Cease-Firing Signal. The order to cease 
fire is normally given by so1mding a special 
signal consisting of a loud, low- pitched, pene­
trating buzz produced by an electrically driven 
device, in addition to transmitting the order in 
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110.163 

v->ords. This signal is usually transmitted ore: 
independent reproducers at the mounts or tu~ 
rets. In certain machinegun systems this circui: 
can be so interconnected 'kith the headsets ( 
gun crews' telephones that they \;ill hear th> 
cease- fire signals in the ir phones as well a; 
over the reproducers installed at the m•)Un 

4. Salvo Signals. The salvo signal is • 
variable-pitch buzz producer! electrically , 
special apparatus. Salvo-signal i·eproducers ar 
installed where they can be heard by the ere 
in the gun compartments. There is no salw· 
signal circuit for the machinegun battery. 

ALARi\olS 

The IC syste1n includes a mm\ller of ala~ 
for use in alerting or signaling personnel 111~ 
regard to a specific dangerous conclition. 'fr 
number and type of alar·ms vary with type' 
ship, Four rn~.\n alarms are: 

1. Colli sion alarm 

2. Chemical attack alarm 

3. General alarm 

'I. Sonar alarm 

The above listed alarms are connected into 1ll 
ship's lMC circuits. The closure of an ahr 
contact m<tker anywhere in the ship will sou; 
any one of the four alarm. s ignals over all cir 
cuit l MC loudspeakers. The alarms are list; 
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in the ordor of their priority '~1ilch is auto­
matically controlled by relays in the audio am­
plifier. Any alarm takos p1·iority ovex voice 
aruiouncernents. 

If an alarm is being sounded and a hi!,-her 
priority ala1·m contact m'.lke1· Is closed, relu.ys 
operate to cut off the alarn1 signal being sounded 
and cause the higher priority alarm to be 
sounded inste11d. Conversely, uie closure to a 
low priority alarm contact maker has no effect 
on a high priority alarm that Is being sounded. 
The system operates to generate the ahu'm 

signals as long as the a.larin contact maker is 
held closed (except for general alarm which is 
sounded for a predetermined 15-second interval 
after mon1cntary closure of the general alarm 
contact maker), 

A few independent alarm systems used on 
board ship are: 

1. F.mergcncy steering alarm 

2. Fire alarin 

3. Carbon dioxide (COz) alarin 

110.123 
Figure 14-4. - Pilot Landing Aid Television (PLAT) showing a videotaped jet carrier landing. 
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CLOSED- CIRCUIT TET.EVlSION 

One of the mos~ prevn.lent Navy uses of olosed­
ci rcuit televii;ion (TV •ia cable) ls data display. 
Instantaneous and accurate data arc sent by a 
TV can1cra n1ounted in CIC to receivers in 
weapons control, commnnding officer's to.c tical 
1ilot, flag plot, and the al r contx·ol se_ction of CIC 
via a high resolution, closed- clrcu1t telC\'ls1on 
systen1. The addition of television cquip1ncnt has 
done 1uuc h to ol!minate the tilue- consuni lng h nk 
rorn1erly associated with the tx·ansfer of bogey 
datn by sound- powered telephones , Telephones are 
still used for action commru1ds and to provide 
an audio backup for visual inforn1ation. They 
continue to be the information link to a..r1tiair 
warfai-o stations that do not have a critical 
evaluation asslgnntent . 

Pilot Landing Aid Television (PLA Tl has 
been Installed aboard almost all U.S. Kavy 

aircraft carriers. This closed-circuit tele· 
vision system aids in landing aircraft, an: 
records landings on videotape for immediau 
plavback and analysis by pilots. l•'igurc 14·1 
shows a sequence of photographs ta.ken Crom i 
shinboard television monitor displaying a !et 
carrier landing. A television camera mounted 
In the center line of the carrier deck spots the 
plane at the beginning of its landing appraocl;, 
and follows it to the touchdown. A second TV 
carnera on the carrier's superstructure the:: 
takes over. Crosshairs on the monitor assist 
the landing signal o!!icer In talking the pllcll 
down to a safe landing. Minute-by- minute rec· 
ords of time, ai r speed, wind velocity, u.nd flig:1t 
number are shown on the dials at the top of the 
screen. Audio recordings of the conversati011; 
betwcon the pilot and the landing signal officer 
are n1ade on the same tape along with the video 
information. The tape is a complete re<:ord ri 
each landing, day and nl.ght. 
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CHAPTER 15 

THE JUNIOR WEAPONS OFFICER 

This chapter is not so much the finale to 
this textbook on "conventional" naval weapons 
as it Is an introduction to the first stage of 
your probable career in the weapons depart­
ment of a U.S. Navy ship , regardless of what 
armament it carries. It introduces to you some 
of the practical day-to-day clctalls that fill a 
naval officer's life on board ship. This chapter 
Is principally focused on what you as a junior 
officer in the weapons department can expect 
to experience. 

In the remainder of this chapter, assume 
in all cases that we are discussing a surface 
combatant ship other than an aircraft carrier. 
\\'here there's a choice between a large ship 
and a small one, assume a small one like a 
destroyer or destroyer escort. (F.xceptions will 
be indicated or apparent from context.) 

KNO\V YOUR SHIP 

Aboard m'.lny ships , one of the first things 
the commanding officer might tell a new officer 
to do ls perform some orientation assigmnent 
like locate and map on a large sheet of paper 
all the watertight doors on the ship or trace 
certain communication lines. Some com1n anding 
officers put new officers through a fairly de­
tailed and t ime-consuming "geographical" ori­
entation cou1·se of this kind, This ls not ilrhit raly. 
If your CO doesn't tell you to do ll when you 
repor t aboard, you should do It on your OW!'­

You should get to know the ship's layout &..'ld 
characteristics even better than you knew the 
dwelling you lived in ashore - unless you traced 
all the plumbing and utility lines at home. This 
Information Isn't hard to fincl. !l's in the ship's 
damage control and general information books, 
which are available from your department head 
or the Engineer Officer. You should learn the 
ship's organization and procedures just as soon 
as you are able. (You can get these from the 
ship's organization manual , from the s hip's 

general Information book, from N\VP 50, and 
from other sources that the executive officer 
or your department head can provide If you 
ask for them.) Get the ship's tactical data folder 
and the appropriate N\\IPs to find what your type 
of ship , and your particular fihip, can iind is 
expected to do. 

K>IO\V YOUl\ DEPARTME!\'1' 

Don't forget the department of which you' re 
a member. Get to know the watch, quarter, and 
station bill, and the relevant parts of the ship's 
organization manual on which it's based. If 
you' re assigned to a division In the weapons 
department, get to know jul!t what material 
your division is responsihle fo1-, and s tudy the 
Current Ships Maintenance P1·ojcct (CSMP) file 
and other ordnance files - and read the log 
books too - so that you will at least have some 
acquaintance with the armament aboard. Find 
out also about the training program - how It 
works, what records are being kept, the train­
ing policies of the weapOns officer, the com­
mandlng officer, and the executl ve officer. 

There is much more to be said on the points 
of self-study, initiative, and inspiration than 
there ls space for here. Remember especially 
that to do your job, you need solf-tralning; for 
this you need in itiative; and if you 11aveinitiative, 
it will seldom be necessary for your superiors 
to tell you what to do, because you' ll know it, 
and do it. 

THE JUNIOH OFFICER 

Soon after you report aboard ship the com­
manding officer will assign you u billet (a job 
title). If you are assigned to the weapons de­
piu·tment, your billet could he anything from a 
junior divis ion officer to assistant weapons of­
ficer. You would most like ly be assigned as 
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a departmental assistant, such as fi re control 
officer. (Other assistants are listed in a later 
section,) There is a good chance you 'hill be 
a division officer as well, depending on the 
number of officers in the weiipons department 
and the organization of the department. (The 
division officer's responsibilities and the prac­
tical aspects of his duties are discussed later.) 

By understanding the weapons officer's duties 
and responsibilities you will better understand 
your own. Your specific duties n1ay be a por tion 
of the weapons officer's duties or, as assistant 
weapons officer, you would be involved with 
nearly all the duties of the weapons officer. In 
any case you need to understand them even­
tually so you will be prepared to become the 
weapons officer yourself son1e day. 

THE WEAPONS OFFICER'S 
HESPONSIBILITIES 

The weapons officer directs acth•it ies of 
the weapons department; advises and assists 
the commanding officer on weapons operations 
and problems; directs operation, inaintenance, 
and repairs of all weapons and weapons direction 
and control equip1ne11t; supervises care, hand­
ling, stowage, and use of explosives; interprets 
and applies ordnance regulations and directives 
issued by technical bureaus and higher command; 
establishes a weapons departlnent training pro­
gram, organizing depa1·tment drills and exer­
cises; ensures performance of deck s eaman­
ship operations such as anchoring, mooring, 
fueling at sea, cargo loading, and care and 
maintenance of equip1nent collllected therewith; 
a:nd inspects spaces assigned, including exterior 
surfaces of the ship, to ensure proper care and 
maintenance. 'fhe weapOns officer's responsi­
bilities are also discussed in general ter1ns in 
chapter 1. In chapter 9 they are discussed with 
regard to spotting and shore bombardment, and 
in chapter 14, they are discussed in connection 
with battle organization. 

OHGANIZATIONAL RELATIONSHIP 
OF THE \VEAPONS OFFICER 

The weapons officer reports to the commfmd­
tng officer for the employment and readiness of 
system (except on AS\V aircraft carriers) and 
deck s eamanship equipment. These are opera­
tional responsibilit ies. The weapons officer is 
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responsible to the executive officer for admin· 
istrative matters. 

Now, how about those directly responsible w 
the weapons officer? You ah·eady know that on 
most ships the fire control officer is not tlte 
only officer assistant that the weapons officer 
has. The weapons officer can have any or all of 
the following assis tants, depending on the type of 
ship and its organization: 

1. Assistant weapons officer 
2. Gunnery assistant 
3, First lieutenant 
4, Gun battery officer 
5. AA control officer 
6. Fire control officer 
7. Missile officer 
8. CO of Marine Corps detachment 
9. AS\V officer 

l O, Nuclear weapons officer 
11. \Varrant officers 

a. Fire control gunner 
b, Ordnance gunner 
c. Missile ordnance gunner 
d. Missile test and repair officer 

12, Di vision officers 

The ftmctions of some of the primary depart· 
mental assistants mentioned above are descriileC 
at length in the following articles. The name< 
give you an indication of their areas of re­
sponsibility. Under them are the divisionofficet'i 
(though on s1naller ships or where the allo~ance 
is limited some of the depar tmental ass isb.nts 
may double as di vision officers). One of the 
departmental assistants usually functions as !ls· 
s istant weapons officer when necessary. Ne hSE 
much the same relationship to the weapons officer 
as the executive officer has to the s hip's com· 
manding officer. 

FIRST LIEUTENANT 

The first lieutenant supervis es and directs 
the deck force in performance of seamanship 
functions and evolutions; gives direct commands, 
or delegates responsibility for immediate super­
vision to the ship's boatswain or petty officers, 
a'ur ing various evolutions such as mooring, 
docking, anchoring, fueling, or transferring 
personnel and cargo at sea; assigns boats ar~ 
boat crews in compliance with ship's boat sched· 
ule; supervises readiness of boats and survivil 
equipment by frequent inspection, and orders 
repairs or replace1nents as required (with t.~e 



Chapter 15-THE JUNIOR \VEAPONS OFFICER 

exception of power boat engines and engine com­
partments, which are the responsibility of the 
engineering department); directs preservation 
of weather decks, ship's exterior, running gear, 
ground tackle, and bosun's stores; arranges for 
llie training of deck divisions, scheduling drills 
and classes in deck seamanship, boat handling, 
and m~rlinespike seamanship; recommends 
transfer, reassignment, and promotion of deck 
personnel; directs the preparation of weekly, 
monthly, and quarterly reports as required; and 
maintains files and records for reference by 
deck divisions. 

FIRE CON"'TROL OFFICER 

The fire control officer directs the divisionof 
the weapons department concerned with opera­
tion, maintenance, and repair of weapons and 
guided missile weapons control equipment and 
systems; assigns persoru1el to operation and 
maintenance duties on all weapons control equip­
ment and systems; establishes and supervises 
training programs, scheduling classes and drills; 
supervises dh;sion persolUlel, administe r ing 
liberty, leave, and transfer; and approves assign­
ment of weapons control persom1el to the watch, 
quarter, and station bill. 

:.WISSILE OFFICER 

The missile officer directs the operation, 
maintenance, and repair of guided missile in­
stallations and associated equipment; establishes 
and supervises a training program for guided 
mlsslle personnel, scheduling drills and organ­
izing firing practices; ensures con1pliance with 
maintenance and repair instructions; inspects 
missiles and missile battery, and supervises 
major repair tasks and alterations; directs 
operation and maintenance of guided missile 
launchers, loading systems, and loading/launch­
ing control systems; directs assembly, tests, 
and maintenance of guided missiles and com­
ponents; interprets current directives from 
technical bureaus and higher commands con­
cerning guided missile battery doctrine and 
regulations; and supervises preparation of the 
required records and reports. 

AS\V OFFICER 

The AS\V officer directs employment, opera­
tion, and maintenance of all antisubmarine equip­
ment in the weapons departtnent; assists the com­
manding officer during antisubmarine search 

and attack; directs the operation, care, and 
maintenance of all antisubmarine equipment, 
including search and attack sonar, fire control 
equipment, weapons, attack aids, torpedo coun­
termeas ures, and underwater con1munications 
equipment used in identification and classifica­
tion of submarines; supervises and trains per­
sonnel assigned to tile department or to anti­
submarine stations in son;ar search techniques, 
submarine contact evaluation, operation ofequip­
rnent, and antisubmarine doctrine: and advises 
superior officers on aU matters concern1ng 
ruttisubmarine operations. 

NUCLEAR WEAPONS OFFICER 

The nuclear weapons officer plans and exe­
cutes maintenance and repair of nuclear weap­
ons, components, and testing and handling equip­
ment assigned; directs and coordinates functions 
of the nuclear weapons divisiO!); directs overall 
functions of assembly teams; ensures that pre­
scribed quantity and quality of nuclear weapons 
are maintained; directs a trainingprogram within 
the division; ensures that adequate safety and 
security n1easures are carried out; and super­
'ises n1aintenance of records and preparation 
of reports required. 

THE DIVISION OFFICER'S GENERAL 
RESPONSIBILITIES 

In general terms, the division officer is 
responsible for carrying out the policies of the 
cotntnanding officer as amplified by !he executive 
officer and department head. He is responsible 
under the head of department for the organiza­
tion, adtninistration, and operations of his divi­
s ion. 'the di vision officer reports to the head 
of department for the performance of his as­
signed duties. All personnel in his division report 
to him: if junior division officers are assigned 
they also report directly to him. 

SPECIFIC AREAS OF 
RESPONSIBILITY 

In more specific terms, the division officer's 
responsibilities can be divided into six main 
categories: 

1. Organizational responsil>ilities 
2. General adn1inistration 
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3. Perso1mcl administrati<>n 
4. Material responsibilities 
5. Training 
6. :\1iscellaneous 

In the next three sections we' ll d iscuss 
practical aspects of these responsibilities. 

OflGi\l\IZll.TION, ;\.DMINISTRATION, 
AND MISCELLANEOUS 

From the six areas of division officer re­
sponsibility mentioned in the preceding section , 
we'!l attempt to concentrate on those aspects 
that specifically involve the weapons depart-
1nent and the ship's ar1n9.1nent. This text is 
prilnarily concerned \vith these aspects r ather 
than with those that apply to all departments 
and of'f\cers in general. If we do this, it be­
con1es clear that of the six, the two areas that 
are m:>st peculiar to the weapons department 
and the ship's armament are material and t rain­
ing. These two are therefore taken up in detail 
in the next two s ections. In the present section, 
we discuss, rather more briefly, the four areas 
which, though import8.l1t, are also of 1nore gen­
eral application in all departments, not merely 
the weapons department, These are: organi za­
tion, adm\nistratlon, personnel , and miscellane­
c>us responsibilities of the division officer. So 
far as possible we' 11 concentrate on the aspects 
of these areas that are speci fically applicable 
to the weapons department. 

DI \o1S!ON OHGANIZATION 

Figure 15-1 lllustrates schernatically the 
organi>.ation of a representative fire control 
di,ision a hoard a destroyer (DD). 

.\1any of the elements of this o rganizational 
scherne you have seen before. You already know 
that undel' the department head are tile division 
officers. The division officer will generally be 
an ENS or a junio r LT JG. If he has a junior 
division officer it wi ll most likely be a junior 
ENS. On a large combatant ship (such as a 
cruiser or aircrait carrier) the division officer 
will g-enerally be a LT or LTJG assisted by a 
junior division officer with a rank of ENS or 
possibly LT JG plus one or two warrant gun­
ners to assis t with technical problems of fire 
control and weapons operation and maintenance. 

The leading petty officer in the division is 
usually a Chief Guruier's Mate, but he niay be 
a Chief Fi r e Control Technician. The remainder 
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of the division consists of three watch sections, 
each under a section leader. Section leaders 
function as n1ilitary superiors as well as teen· 
nical supervisors. 

Dttring peacetime, persormel on board aI\l 

frequently lower in rate than the allowed billets 
call for, \\'here the divisional org-J.nizatiol} char! 
calls for <i chief petty officer, quite often you 
will find a Petty Officer First Class in the sloL 
The same holds true all the way down the line, 
A Petty Officer Second Class often fills the 
billet of a F irst Class. Very often you \11!1 
fi nd strikers performing the duties of a Pelt7 
Officer Thir d Class. 

In figure 15-1 the second section is broken 
down in detail; the other two sections are se: 
up simi larly , except that the distribution o' 
rates and ratings is not identical. At times 
there are not enough crewmen aboard to f ill 
and the allowed billets. Depending on the per· 
sotmel on board and their qualifications, a bit· 
let 1nay be fi lled by a man with a lower rate 
or a related but different rating. For ex8.1nple, 
a Guru1er's :Vlate Second Class may f ill a Guo· 
ners Mate First billet or a Fire Control Tech· 
nician's billet. 

STl stands for Sonar Technician 1st Class, 
Sonar Technician is a rating- the desib'11ation ol 
a specific group of spec ialist. First Class is~ 
t ute, corresponding to a pay grade. (The distinc· 
tion is wot·th remernbeting.) The S'fl m~1 
supervise a Sonar Technician Striker - a non· 
petty officer who is in training for ST G O! 
ST S Third Class. 

The organizational arrangc1nent of personne~ 
which is taken from the ship's organiza.tio1 
manual and shown on the watch, quarter, an: 
station bill, is used for administrative purposes, 
including the assignment of personnel to clean· 
ing stat ions (as sh0\\11 in figure 15-1). Personnel 
ar e withdrawn te1nporarily from their clean!~ 
stations for specific evolutions covered by ship'i 
bills , which we \\~II discuss next. 

SHIP'S BILLS 

A ship's bill is the rnethod of establishi"l 
assignments of ship's personnel to duties -0; 
stations for the purpose of executing speciii! 
evolutions o r accomplishing certain functions 
In gener al, a bill includes the follo\loing infor· 
niation: 

1. !>'tatement of purpose 
2. General information 
3. llssignment of responsibilit ies 
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DIVISION OFFICER 

___ .[JuNiOR" Oivls10N ~ 
OFFICER L - - - ---- -.J 

DIVIS ION 
LEADING P.O. 

itGMGC(OR FTGC) 

I I 
!st SECTION 2nd SECTION 3rd SECTION 

LEADER LEADER LEADER 
GMGC FTGC GMGl 

I 
I I 

BILLET NO. RATING CLEANING STATION 

F-201 FTGC IN CHARGE 
F-202 GMG! 5"/54 MOUNT 
F-203 GMG2 3°/50 MOUNT 
f-204 FTG2 MK 68 DIRECTOR 
F·205 GMG3 5"/54 MOUNT 
F- 206 GMGSN 5"/54 MAGAZINE 
F-207 FTGSN PLOTTING ROOM 

110.122 
Figure 15-1. - Representative organization of F dl•islon aboard a destroyer. 

4. Statement of organization 
5. Assignment of persotmel 
6, Procedures 

Bills are classified as: 

1. Administrative 
2. Operational 
3. Emergency 

Since all officers m,1st be familiar with the 
ship's organization manua l, they m<.1st be ac­
quainted with all the s hip' s bills , even those for 
which they have no direct responsibility. Table 
15- 1 gives a partial list of the bills used on a 
typical destroyer along with the title, purpose, 
and organizational designation of the officer 
responsible for preparing it. 
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SHIP'S PROCEDUHES 

Like bills , the terrn proceduros also has a 
special rneaning in this context, A procedure 
is a written statement of" series or coordinated 
steps by an organizational unit for the ac­
complishment of a specific function. Shipboard 
procedures are classified under one of the 
following categories: 

1. Personnel 
2. Accountability 
3, Operating 

Personne l procedures Include s uch m11tters 
as disciplinary 1neasure, leave and liberty, petty 
officer evaluation, ti·aining , how to deal with 
visitors, the llandling of U. S. mail, etc. Ac­
counting procedures cover such matters as 
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Tablo 15-1. -Surnmary of Ship's Organizational Bills 

BILL PUHPOSE HESPOKSIBILITY 

To establish procedures and assign 
duties for: 

Personnel Assignn1ent Bill ... Assignment or reassignmont of offi-. . . . Executive O!Cicer. 
ccrs and enliste<l men to billets 

Berthing and Locker Bill. 

Cleaning and Maintenance 
Bill 

gpecial Sea Detall Bill • . 

Replenis hn1cnt at Sea Dill 

• • • 

wiUtin departments and divisions 
of the ship. 

Assigning berthing and looker faclli-. 
tics . 

~lalntennnce, preservation andclennli- . 
ness of the exterior and inte1•iol' of 
the hull, hull fitting, machlne,.y, 
s.nd equipn1ent. 

Getting underway and returning to port .. 

Fueling, .rearming, provisioning, or . 
transferri ng personnel at sea. 

• • • c:xecutive Officer. 

.Exccuti ve Officer. 

~avigator. 

First Lleutenl\lll. 

Hcscue and Assistance Bill .. Rendering emergency assistance to. . . . Engineer Officer. 
persons or activities outside the 
sbip. 

Landing Party Bill ..•. • . , Conducting limited field ope1·aUons, . . . . \\.'capons Officer. 
policing during an emergency, nnd 

Visit and Search, Prize. 
Crew, and Boai·di ng 
and Capture Bill 

• • • • 

participating in parades and cere-
monies. 

Jn\>estlgating, salvaging, nnd 
possession of 211other ship. 

taking. . . . Operations officer. 

Towing Bill •.•. •. . • . Towing or being towed by another ship •. • First Lieutenant. 

General En1ergency Bill . 

J\'ltm Overboard Bill . . . 

Nuclear, Biological, and . 
Chemical (NBC) De­
fense Bill 

Controlling the effects of a majot'. 
errie rgency or disaster su!fe red by 
the ship, such as collision, ground­
ing, internal or external explosion, 
nuclear contamination, earthquake, 
storm or battle damage. 

Recovel'ing one 1nan or a small nurriber. 
of men from the water. 

Provide en organi 7.tllion, prescribe. 
procedures, and assign responsi­
bilities for proper and effective 
action when involved in NBC war­
fare or in KBC weapon accident 
situations. 
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Engineer Officer . 

Fir st Lieutenant. 

Engineer Officer. 

110.165 
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material inventories and surveys, and account­
ing for mess, welfare, and recreation funds. 
Most of these are set forth In chapter 9 of 
NWP 50(A), Navy manuals on correspondence 
and filing, and OPNA V and SECNAV instruc­
tions. 

Table 15-2 is a partial list (with references) 
of representative operating procedures aboard a 
destroyer. 

~11SCELLANEOUS (COLLATERAL) 
Dt:TIES 

Besides the assigned departmental cuties and 
the regular military duties of the division of­
ficer (such as underway watches, in-port watches , 
and GQ assignments), all officers are assigned 
collateral duties (secondary duties). These in­
clude serving on committees and boards (such 
as the audit board, the recreation committee, 
courts-martial boards, and officer candidate 
examining boards) and performing some special 

function such as intelligence officer, photo­
graphic officer, classified material control of­
ficer, or legal officer. 

On a destroyer a division officer 1night ex­
pect on the average to have two or three such. 
collateral a.ssigrunents. On ships "1th more 
per som1el, like Cl'llisers and carriers, some of 
these duties (such as legal officer or educa­
tion officer) may be assigned as primary duties. 

MATERIAL 

As a junior officer assigned to the weapons 
department, much of your daily activity will be 
concerned with the material readiness of your 
division. The complexity of1nodernnaval weapons 
requires a program of constant testing and 
maintenance to ensure system operability. The 
::-lavy's m~terial mana,,.<>en1ent program is cen­
tered about the Navy i.Vlaintenance and :Vlaterial 
Management (3- M) System. '!'he 3-:VI System, 
a i·elativel}r ne\V maintenance progr~un, can be 

Table 15- 2. -Shipboard operating procedures 

TITLE 

Jettison procedures ••• . . ~ . . . . 
Strip ship procedures • . • • • • . . . 
Scuttling the ship • • • • • • • • • • • 
l!:mergency destl'tlction of classified 

matter . • • • • • • • • • • • 
Steering casualties • • • • • • • 
Operations with helicopters •• • • 
l•"og na\rig~ttiOtl. • • • • • • • • • • • 
Darken ship procedure • • • • • • • 
Security against sneak '1ttack 

procedure • • • • , • • • • • 
ftepel boarders procedure • • • 
Dry docking procedures. • • • • 

:\fediterranean moor procedure. • 
Small boating procedure • • • • • • 
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• • 
• • 
• • 

• • 
• • • 
• • 

• • 
• 

• • • 
• • 
• 

• 
• • 

Rl!:FERE:-ICF.S OTHER 
THAK FLEET A .. 'ID 
TYPE DIRECTIVES 

Chapter 9, N\\IP 50(A) 
Chapter 9, N\VP 50(A) 
Chapter 9' N\VP 50 (A) 

Chapter 9, N\VP 50 (A) 
Chapter 9, K\VP 50 (A) 
!\\VIP 41- 6 
Chapter 9, :N\l/P 50(A) 

(a) BuShips Manual 
Chapter 7 

(b) USNH 1948 Articles 
0749, -790 , 0791, 
and 2030 

110.164 
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a source of difficulty for those who do not 
understand its function and operation, Several 
books that explain the intricate details of the 
systen1 are available. However, because of its 
hnportance in the management of the shipboard 
01xhi;1nce organi>.ation, let us take a look at the 
3-:\1 Sy stern to see how it relates to a junior 
officer in the weapons department and review 
s01ne of the documentation used in weapon main­
tenance. 

ADMINISTERING THE 
:\1Ail\TI::NANCE PHOGHAM 

Ily definition the 3-:VI System is "a ship­
board 1n~nagen1cnt system which, when fully 
impleinented and properly used, provides for 
(1) orderly scheduling and accompl!slunent of 
mitintenance, and (2) reporting and disseininat­
ing of maintenance-related information." Simply 
stated, the system is a tool with which main­
tenance personnel n1anage their resources. \Vhat 
arc resources? As a m~intenance in~nager you 
have three resources - in en, material, and tin1e. 
Any m'.l.intenance action will require the use of 
all three. You m'rst have tiie m~terial on which, 
or with which, to perform the nlaintenance, and 
you must have nlen \vith a given amount of 
tiu1e to do the job, 

Plaimed Maintenance &\1bsyste1n 

To be an effective inanager, you will need 
soine means of plarming, scheduling, and inanag­
ing the use of your resources. This idea of 
scheduled maintenance is not new. A look at 
the plan of the day frorn one of our revolutionary 
war frigates would show a time set aside for 
''exe1·cisir1g tl1e cre\\1 at quarters'' (ge11c1·al 
quarters drill), It was during these drills that 
the g,1ms were checked to ensure they would 
fire if needed. 

This action is called planned preventive inain­
tenance, a maintenance action performed to locate 
potential trouble spots, and is the Plarmed il1ain­
tenance Subsystem (PMS) portion of the 3-::VI 
System. This type of maintenance reveals troubles 
while they are small and easily corrected, be­
fore they develop into major casualties. The 
PMS provides for three actions: pla1ming, sched­
uling, and inanagement. PMS material, such as 
work schedules, maintenance cards, and other 
m<iintenance documentation, provides Navy-wide 

maintenance standards based on engineering ex­
perience and prescribes procedures and tech-1 
niques for accomplishment of maintenance. The 
tools of the PMS are discussed in detail in 
OPNA v publication 43P2. 

il1aintenance Data Collection 
Subsysten1 

If you n1anaged a civilian business, you 
v.'Ould need records to document the usage ol 
your resources. These records would provide 
you with inforinat ion to ttse in improving your 
business operation, The operation of your Na11· 
requires a trem,endous ''maintenance business." 
To itnalyze how our three resources are spent­
and thereby improve tb.e aperation of our naval 
arsenal -we must have records tb.at will indi· 
cate the performance of our equipment and 
the use of men, material, and time. This rec· 
ord is achieved with the second portion of the 
3-M System called the i\Iaintenance Data Col· 
lection Subsystem CVIDCS). The MDCS provides 
a 1neans of recording tb.e expenditure of our 
resources associated with minor correotivemaio· 
tenance, major repairs, and authorized alters· 
tions to equipment. It also provides a methoi 
for processing 1naintenru1ce action and logisti1 
in.forination and disseminating this data for us. 
by activities concerned with the m<.1.nagemen: 
of naval material. 

HISTORY OF MAINTENANCE 
PROGRAM 

Operation of the 3-:Vl &'ystein as related bi 
weapons can be better understood by examlni!lJ 
the different maintenance documentation asso· 
ciated with weapons and l>y revielVing the histor; 
of the system's dcvelopinent. 

Little maintenance documentation was need~ 
with the preventive 1naintenance system use~ 
in the days of the sail, \Veapons were simpl;, 
and lliirts used for repairs were obtained fr<N) 
the local econoiny. As tnoro complex weapom;' 
came into use, better docuinentation was re· 
quired, The Bureau of Ordnance (foreruiuiru 
of the Naval Ordnance Systems Commfilld) re 
gan to develop and publish ordnance pamphle~ 
(OP's) which described the operation of vari· 
ous weapons. The books became known as OP'; 
and were eventually assigned numbers whiC: 
identif ied the OP to a particular weapon o; 
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subject. Ordnance data sheets {OO's) also were 
issued: giving some of the specUlcations, and 
engineering data of different equipments. 

Ordnance Pamphlets 

OP's written prior to the 1950's contained 
very little information concerning preventive 
maintenance. These books usually had t1>ree 
major sections: (1) Introduction, (2) Theory of 
operation , and (3) Maintenance. One of the OP's 
from this period concerned the 8-lnch, Triple­
Gun Turret. In the electrical system mainte­
nance section the only preventive maintenance 
described was a periodic check of the wiring 
for looseness , moisture, and chaffing. This was 
not much, considering the amount of electrical 
machinery In an 8-inch turret. No schedule 
was given as to when this maintenance should 
be accomplished. As weapons becume more 
complex, OP' s and OD's were Improved. The 
OP's that were published in the 1940's con­
tained checklists to be followed when preven­
tive ms:tntenance was performed. 

Ships .Maintenance Program 

The Navy began to document and r ecord 
maintenunce actions during this period and a 
maintenance !)rogran1 called the Current Ships 
Maintenance Program (CSYIP) was brought into 
operation. The CS)l!f' did not describe how or 
when a maintenance action was to be accom­
plished. i\s maintenance supervisors determined 
that a maintenance action was necessary , en­
tries were made to that effect on a card and 
were filed in a loose leaf binder. When the 
action was accomplished, the card was re­
moved and destroyed after the ma!11tcnance ac­
tion was recorded on the pc1·mancnt CSMP 
record (ordnance history cards for weapons 
equipn1ent) , This system lacked good schedul­
ing and allowed for little pl o.nnlng ahead, ex­
cept for major repairs and overhaul. Routine 
day to day maintenance was accomplished in 
"'ilate,•er manner the petty officer In charge 
of the equipment thought best. 

Satterwhite System 

Different bureaus of the Navy Department 
tried different maintenance programs. One, in­
stituted by the Bureau of OTdnance, wus devel­
oped by a Chief Fire Controilnan named Satter­
white. This system, known as the Satterwhite 

System of Maintenance, was designed to ensure 
that adequate preventive maintenance was ac­
complished daily , weekly, monthly, or as often 
as necessary on the ~fk 56 Gun f'ire Control 
System. Complete, easy to understand instruc­
tions wc1·e provided for each step of the main­
tenance action along with a lis t or tools and 
the numbe1' of men i•equired. The Satterwhite 
system also provided for recordi ng the main­
tenance performed, but only at the local level. 
CS:'l'!P cards were still used for pern1anent 
records. 

Integrated )lalntcnance Plan 

Along wlih the different malnternmce pro­
grams adopted by the various J3urcaus, Fleet 
Commanders published some maintenance in­
s tructions, Since these were publ!shed at the 
fleet level, several different maintenance pro­
grams could be found in effect on the same type 
of equipment. In the early 1960's the com­
plexity or the Na\>y's surface missile systems 
required that a staru:lard maintenance plan be 
put into effect for all fleets. The Bureau of 
Naval \\'capons (another for eru1mor of the Naval 
Ordnance $'ystems Co1nmand) attempted to stand­
ardize the maintenance of all surface missile 
systen1s by issuing the Integrated Maintenance 
Plan (IMP). 

The IMP was to achieve better operability 
through better maintenance documentation. Com­
plete testing procedures, engineering informa­
tion, and troubleshooting techniques {along with 
a scheduled preventive maintenance routine) were 
made a part of the IMP documents. Special 
OP's were published v.ith more emphasis placed 
on maintenance and less on ti1eory of operation. 
In addition to ti1e standard OP number, ti1ese 
documents 1tlso carried the letters "IMP" to 
identify them as Integrated Mnlntcnanoe Plan 
documents. 

One of tile most s ignificant advantages in­
troduced by I.MP was the establishment of Daily 
Systems Operability Tests (DOOT). Prior to 
r\IP, Individual units Of a weapon system were 
checked dally for proper operation (e.g., com­
puter, radar, director, and gun), but dynamic 
operation of . the entire system was not usually 
monito1·ed. DSOT checks overall matei· ial i·eadi­
ness by monitoring the operittlon of all equip­
ments of the system functioning us an integrated 
unit. The OSOT method of checking system per­
formance has been incorporated in tile 3-)IJ 
system. 
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TtlE 3-M SYSTEM 

\Veapons department persoMel were not the 
only ones having maintenance problems. All de­
partments having mruntenance- rolated responsi­
bilities were finding tnaintenance of the new 
ships oI the 1960's n1ore co1nplex. A Nnvy-widc 
system of planned mltintenance and n1aintenance 
documontation was needed. lo the mld-1960's the 
Chief of Naval Operations placed Into effect the 
3-M System, to be used by all departments, aboard 
all ships, in every fleet. 

The 3-)1 System is Intended to assist :-lavy 
operational and technical commanders (and divi­
sion o((icers) in attaining and maintaining op­
timum fleet readiness through the efficient and 
eifective use of available resources. Specific 
objectives of the system are to: 

1. !.Je:flne and achieve uniform maintenance 
standards , criteria , and procedures. 

2. Assist ope rating forces (a) by promoting 
effective utilization of avallable manpower, ma­
terial, and maintenance opportunities and (b) 
by reducing the total administrative burden on 
maintenance personnel. 

3. Document the requirements for and the 
accomplishment of maintenance and the uti li­
zation of maintenance resources. 

4. Increase knowledge of current ship's con­
figurat ion and identify desirable changes to ex­
isting configuration or improvements in new 
ships design th rough information gained by doc­
umentation of maintenance actions. 

5. Improve maintainability and reliability of 
equipments. 

6. Accurately identify the cost of maintenance 
in terms of manpower, material, and funds , 
and minimize these cost through management 
effectiveness. 

\Vltll t11e innovation of the 3-M Systein, OP's 
are being revised to c.onform to 3-M require­
ments . Most of the OP's associated with surface 
missile systems have been revised and are now 
labled PMS/SMS (Planned Maintenance System/ 
Surface Missile System), some Th1P publica­
tions are still available but most have either 
been included in or supersoded by P~IS/S'.\1S 
documents. OP's for some gun systems are 
being revised to co11form to 3-M requirements. 
Special subject OP's (such as safety precautions, 
ammunition handling, and other nonmalntenance 
subjects) are unaffected by 3-M. The Index to 
Ordnance Publications, OP 0 , conta ins a list­
ing of all OPs and ODs showing current status 
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(superseded, canceled, PMS/SMS, etc.) am 
availability. Any of the publications we hare 
mentlonod can be used as an aid In meeting 
PMS requirements. Where there is a difference 
between Rtated requirements of the PMS and 
other technical publications (OP's). the PMS 
requlremc11ts prevail. 

The 3-M Systen1 is not a cure a ll for main· 
tenance and does not diminish the need for good 
mano.gement and leadership. Neither is it a 
passive system. It cannot succeed without ac· 
tivc, aggressive supervision at all levels, from 
operational commander to the work center super­
visor. As division officer (or junior divlsioo 
officer) you must take the initiative and ensure 
that all requirements of the 3-t.l System a1'e 

met. 

Maintenance Organization 

In order to derive maximum benefit from the 
3-M System, the aggressive type of positive 
leadership must be built into the ships organi· 
zatlon. \Vh!le there is no single master plan 
\\<1ilch will ensure optimum effectiveness in an 
classes of ships, there arc certain organiz.a· 
tional concepts and responsibilities which must 
be adopted by every ship in which the 3-1\i Sys· 
te1n Is Installed. Let's review those basic re· 
spons!l>ili ties as outlined in OPNl\V 43P2. 

COMMANDING OFFICER. -The Command· 
ing Officer Is responsible for ensuring that 
ship's maintenance is accomplished in accord· 
ance with the procedures of the 3-M System, 
and that the system functions efiectively \\~th­
in his command. He will make certain that all 
appropriate personnel r eceive adequate 3-M 
training and meet 1\ith the F:xecutive Officer, 
3-~1 Coordinator, and other nlaintcnance mana· 
gers to review the status of material readiness, 
discuss 3-M matters, and provide necessary 
guidance and coordination. 

EXECU1'1VE OFFICER,-The Executive Of· 
fleer Is responsible to the Commanding Officer 
for the overall Organization and operation of 
the ship's 3- '.\1 program .. He provides the over­
all supervision and coordination required to 
ensure system effectiveness. To accomplish 
these goals he acts as ch<ilrman for periodic 
3-M meetings with department heads and the 
3-M coordinator t,o review and monitor 3-M 
operation. He drafts ships directives concerned 
with 3-11 and ensures that all department! 
comply with these instructions. In addition, Ile 
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coordinates incorporation of 3-}1 training into 
the ship's training program and establishes an 
effective program for assigning job control num­
bers and for filing MDCS information. 

THE 3- '.\I COORDINATOR.-The 3-~1 coor­
dinator is respons ible to the Executive Officer 
for coordination and di rect s upervision of a ll 
facets of the s hip's 3-M prograin. Where per ­
sonnel resources pennit, this will be the pri­
mary duty of an officer or senior petty officer 
who has had fom1al training in 3-M. The 3-:'ll 
Coordinator works with the various department 
heads ''nd department 3-M assistants to en~ure 
that the effectiveness of the ship's 3-M program 
is maintained. 

DEPART:YIENT HEAD ANDDJ;PARTl\!E:s'TAL 
3-M ASSISTANT. -Each department head is re­
sponsible for the effective operation of the 3-M 
Systetn within his department. As a." aid to 
managing his 3-:w responsibilities , the depart­
ment head wUI assign an olficer or competent 
petty officer the duty of departmental assistant. 
Both should be formally trained in 3- YI . Unless 
otherwise directed by Fleet or Type Commander , 
the department head must personally supervise 
ull cycle and quarterly scheduling of depart­
menral maintenance and ensure proper super­
vision of other departmental 3 - :11 functions, as 
follows : 

1. Regularly inspect the 3-M operation with­
in the department, inc ludi ng weekly review of 
the departmental maintenance control board. 

2. Emphasize to the personnel of his de­
partment the importance of proper ly scheduled 
maintenance and the proper documentation of 
the maintenance pet'formed. 

3. Ensure departmental personnel are prop­
erly trained and motivated concerning the 3-M 
System, and that departmental 3-M training rec­
ords, files, and publications are properly main­
tained. 

4. Conduct periodic meetings with dl\'1sion 
Officers and work center supervisors to ensure 
continuing knowledge and necessary coordination, 
ln 3-11-I matters. 

5. Assist division officers and work center 
supervisors as necess ary in obtaining 3-M s up­
piles and scheduling weekly maintenance. 

6. Personally sign cycle and quarterly sched­
ules prior to posting. 

SUPPLY OFF!CEn. -The supply officer will 
coordinate the efforts of his department to best 
suppor t the ship's maintenance effort. 

DIVISION OFFICER. -The division of!icer 
is responsible to the department head and should 
be formally trained in the 3-M System. He will 
assis t U1e department head in scheduling main­
tenance requi red for the equipment under his 
cogniza11ce as follows : 

1. Ensure, by daily inspections, that weekly 
schedules are in accordance with the depart­
mental quarterly schedule and the required main­
tenance is being properly performed and re­
ported 

2. Incorporate 3-M training into the divisional 
training plan and maintain up to date 3-M train­
ing recores for his di vision 

3. Ensure that MDCS documents generated 
wiUiin his division are complete, accurate, and 
promptly subtnitted 

4. Assist the 3-M Coordinator as necessary 
ill all matters concerning 3-M within his division 

5. Conduct periodic meetings with all divi ­
s ional work center supervtsors rutd keep the 
department head informed of the status of 3-M 
within the division 

\!/ORK CENTER SUPEnv1SOR. - The \\lork 
Center &lper visor is responsible to the division 
officer ,for the effective operation of the 3- '.\! 
&'ystem -.ithin his work center, He shall have 
received formal 3-.M training, and his duites 
shall include the following: 

1. Personally schedule weekly work center 
maintenance and supervise its proper accom­
plishment 

2. Ensure status -of- work center maintenrutce 
ls correctly reflected on the departmental main­
tenance control board 

3. Ensure division officer or departm.enthead 
is advised concerning inability to complete sched­
uled maintenance, and any other problems in 
3-M operation 

4. Maintain an adequate supply Of 3-M ma­
terials with in the work center 

5. Ensure that all required MDCS documents 
from his work center are correct and promptly 
submitted 

6. Ensure maximum use of the 3- :\1 System 
as a training aid within the work center, and en­
sure that such t raining is properly reflected in 
the t raining reco1xls 

7. Maintain control and accountabilil)• of JSNs 
(Job Sequence Number) \Vithin the work center 
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:\11\l!\Tt;!\A:-ICE PERSO:'\NF.L. -Malnten:!.nce 
persomiel are directly n1sponsfblc to L~e work 
center supervisor. Their duties include (but are 
not limited to): 

1. Head!nj\' the weekly schedule and perfor:n­
ing PMS actions as scheduled each day 

2. Being knowledgeable In U1e procedures 
for filling out m~intcnance action docuinents 

3, Informing work center supervisor of com­
pleted P~IS notions and any problems encountered 
in performing them 

In order to perform your duUes related to 
3-M you must work closely with the deparbnent 
head and work center supervisor and assist 
them as necessary in scheduling tho work of 
your div1slon. Let's discuss some of the 3- 111 
items you s hould become familiar with in order 
to cal'ry out U1ese duties. 

3-M TOOI.S 

The Planned :Maintenance System :llanual is 
a publication used primarily by lhe depa..-rtment 
head In planning and schedullng maintenance for 
his department A table of content.~ for each 
inalntenancc group within the depa1·tment is in­
cluded along with a page for each system, sub­
sys tem, ol' component wiU1i11 th~ maintenance 
group. Also, the m:i.nual contain$ a brief clescrip­
tion of the maintenance requirements and the 
frequency 1v!th which maintenance ts to be ef­
fected for all comp0nents and equipment. The 
frequency code is : D- daily, \\'- weekly, ~I-monthly, 
Q- quarterly, S- scmiannuaJly, .\-anually. C­
ovcrhaul cycle, H- situation requirement. The 
manual contains Index pages (group m11tntenance 
manual) for each m'lintenance group wlt.l\in the 
depllrlmcnt-engineroom, fireroo1n , electrical, 
and uuxtllc<ry. Manuals are compiled Individually 
for each :;hip, thereby as5urlng a tuilOl'ed sys­
tem. 

CYCLE SCHEDCLE.-The cycle schedule is 
a vtsual display of preventive maintenance re­
quirements based on an overhaul cycle. :\ll the 
maintenance Items listed in the cycle schedule 
are within the capabilities or ship's force for 
onboard equipment. 

Tho cycle schedule conlaJns a list of compo­
nents for each 1naintenance gl'oup. It schedules 
the semlanmml, ammal, and overhaul cycle 1nain­
tenu.nce requirements based on quarters after 
overhaul. The cycle schedule also lists the 
quarterly and monthly requirements thut must 
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be scheduk c:1ch quarter. The department heat 
uses U1e cy<'lt' schedule in making out the long­
rangc or quarterly schedule. 

QUA f\Tt;HLY SCHEDULE. - The quarterfy 
schedule Is a visual display consisUng of t'/.~ 
identical quarterly schedule forms. One is for 
currc11t qun rter; the other is known as tho sub­
sequent quarterly schedule. The cycle sched­
ual and both quarterly schedule forms are con­
tained In tho sa_>ne visual display holder and 
correspond, line for line. The entire display is 
called the maintenance control board. The con­
trol board shows the overall preventive m:iio­
tenance program for the department. The control 
board usually is located outside the department 
head's office. 

\Vt;J::KLY SCHEDULE. - The weekly schedule 
is anoU1er visual display for use In connectioo 
with the PMS. It is posted in eaoh 1nalntenance 
group's work area, along with a copy of appli­
cable pages from the P\tS manual . For example, 
a weekly schedule that applies to maintenance 
of equipment In a certain area Is posted in that 
area's rtre control radar room. 

The weekly schedule assigns specl.flc per­
so1u1cl, by name, to perform specified main­
tenance tasks on particular components on t 
definite elute. Listed on the weekly schedule 
are U1e components that an: the responsibility 
of a purtlcular maintenance group. The weekly 
schedule Is used by the supervisor of tho work­
ing area to usslgn work and to record the com· 
pletion or work. 

;\1AlNTl!:NAKCE REQLlRJ::MENT CARD.-The 
maintenance requirement card (:'.1RC) Is a card, 
5 inches by 8 inches in size, on which the pre­
ventive maintenance task is defined in suffi­
cient detall tllat assigned personnel Cfm per­
form the task without difficulty. t;ach ma1ntcnance 
requirement card lists rating and rato le\>el 
Of perso1u1el who should perform thut particula! 
task; safety precautions thal must be ob6erved; 
the time, tools, pa..'"19, and materials requinld 
for the task; and detailed procedures for per­
forming the task. 

~10CS OOCIJ~lENTS. -In addition to the vari­
ous schedules and MRC cards the1'e are certain 
MDCS <Jocumcnts with which you should be closely 
acquainted. These include: requests £01' mutel'ial, 
munhour accounting documents, work supplement 
cards, and maintenance data forms. The exact 
use of these documents will vary f1'0m ship to 
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ship. All are described in the Maintenance and 
'.\taterlal '.\tanagement ~lanual, OP:\A V 43P2. 

Perhaps the most important of these :\tDCS 
documents Ls the Maintenance Data Form. This 
is a multipurpose form used to report main­
tenance- related actions. Basically, It can be 
used for tlu·ee purposes: 

1. To report routine 1nalntenance action by 
work center personnel 

2. To report maintenance thal has been de­
ferred for various reasons, such as lack of parts 
or need for outside assiStance 

S. To request the assistance of a tender, ship­
yard, or other activity 

\V'hen used to report maintenance accomplished 
by work center personnel, the Maintenance Data 
Form Is submitted to the ship' s Maintenance 
Data Collect ion Center (usually maintained by 
the 3-M coordinator or engineer of!lcer) . This 
form will then be used to submit a composite 
ship's maintenance report to a l\a•"Ywide Main­
tenance Data Collection Center f.llDCC) . 

If a maintenance action must be deierred for 
some reason, the :\iaintenance Data Form is 
submitted in a manner similar to the completed 
wtlon just described. One pOl'tlon of the form 
Is retained on board for subsequent documen­
tation of additional data, while another portion 
is forwarded to the Navy i\IDCC. When the de­
fined maintenance i.s finally completed, or is 
canceled, work center personnel Inform the 
ship's i\IDCC which will forwo.rd appropriate 
forms to the Navy :'ltDCC. 

The Maintenance Data Form can also be used 
as a work request. The work request is pri­
marily intended for requesting assistance in 
accomplishing maintenance actions; but It is 
also used to request s ervices or assistance 
not directly related to maintenance, such as 
diving and utility services. A!ter the work re­
quest has beon screened by the division officer 
and department head, it is submitted to the 
ship's MDCC for inclusion In the Ship's work 
package. High priority work requests will re­
ceive lmmodlate attention, rut a major portion 
of the work requests are held for a regularly 
scheduled yard (shipyard) or tender (repair 
ship) avrulablltty. 

;>.1ost commanding officers and most weapons 
officers take pride in how much work the sh ip's 
force can do without formal aid from tender or 
shipyard. The more maintenance work the ship's 
force can do (and this includes repairs and 
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alterations as well as upkeep), the better con­
dition the ship and Its equipment will be in, the 
better the crew will know the !!hip and Its 
equipment. and the lower will be the cost. But 
there are things that the crew cruuiot do while 
a ship Is in active operation at sea; so peri ­
odically, every ship has a yard or tender avail­
ability period. 

YARD AND TENDER AVAILABILITY PERI­
ODS. -Yard and tender availabilities are not 
an every- :'lfonday-and- Thursday affair. Attack 
carriers, for example, ordinarily will run about 
two years between overhauls. This means that 
every big repair and alteration job MUST be 
taken care of during the avull1tbilily period. 
(It Is well to note at this point the difference 
between a repair and an alteration. A repair 
is work necessary to resto1•e a ship or article 
to serviceable condition without change in de­
sign, materials, number, location, or relation­
ship of tho component parts; an 11lteration is any 
change In the hull, machinery, equipment, or 
fitting11 which involves a change In design, ma­
terials, number, location, or relationship of 
component parts or an assembly regardless of 
whether It is undertaken separately frorn , inci­
dental to, or in conjunction with repairs .) Ship­
yards and tenders are busi• places and always 
have plenly of work. Once the availability peri­
od is over, the ship cannot co1nc back a day 
or two later because some job wasn't completed 
or was overlooked in the hubbub. Thus, a good 
deal of careful preparation Is necessary well 
in advance. One part Of this preparation is in­
spection by the Na•-y's highest lnspoetion au­
thority- the Board of Inspection and Survey. 
This Board conducts acceptance Inspections and 
trials of new ships. It also inspects active ships 
every three yc,.rs to determine the state of 
tl1eir maintenance, and it reco1nmonds any al­
t.erations that may be necessitry. And tllcre are 
other Inspections, such as the ar1ival inspec­
tion made by yard engineers whenever your 
ship arrives at a naval shipyard for overhaul. 

The main part of preparation rests with the 
ship's personnel. It begins with compilation of 
a work list. The work list is made up of work 
requests. The division officer and lea.ding petty 
officers draft the requests, and from them a 
work list Is made. Several weeks before the ship 
arrives at the yard or tender, tho commanding 
office!" holds a conference of depnrtn1cnt heads, 
and at this conference the weaponR officer adds 
his requests to the list that will be submitted 
to the yard or tender, via the type commander. 



PRINCIPLES OF NAVAL ORDNANCE AND GUNNERY 

The list includes also the items discovered by 
the inspections made shortly before the avail­
ability period is scheduled to begin. 

If possible, shipyard esti1n.~tors and engi­
neers inspect the ship in a prearrival Inspection 
before the ship enters the yard, \Vhen the ship 
arrives at the yard there are conferences be­
tween the department heads and the shipyard 
representatives to determine just which jobs 
will be done, and how. Or, if the ship has come 
some distm1ce, the preoverhaul inspection be­
comes an arrival i nspection that is done while 
the arrival conferences are going on. 

The yard or tender availability period is a 
time when a great deal of work can be done that 
is impractical or inadvisable to try to do (ex­
cept in an emergency) when the s hip is fully 
operational, This doesn't mean getting the ten­
der or yard to do ship's force 'Nork. If the weap­
ons officer ls one of the many that take justi­
fiable pride in the self-reliance of their crews 
in such matters , this would not itnprove your 
reputation with hiln, But you can get ass istance 
from yards and tenders on ship's force jobs. 
Sometimes their maintenance and repair per­
sonnel work up special t ime-saving jigs and 
toots for specific operat ions. If you can, it ls 
wise to take advantage of these during the 
availability period. 

In naval shipyards the formal line of contact 
between the yard and a ship ls through the 
engineer officer of the ship and the sh ip s uper ­
intendent assigned by the yard to your ship 
during the availability period. The weapons de­
partment's line of contact to a shop is by way 
of the weapons officer, the engineer officer, 
the s hip superintendent, and the shopmaster of 
the shop concerned. 

Tenders are also organized into departments , 
but the setup is different, The weapons officer's 
contact v.<ould be the ordnance repair officer in 
the tender, and the division heads on the ship 
have direct contact 'hith the divisions on the 
tender that they have business with (such as 
the machine shop, optical shop, fire control 
s hop, and so on). Some tenders also us e a 
ship superintendent similar to the shipyard's. 

SltIP ARll'lt\11-JENT INVENTORY 
LIST 

Another important document concerned with 
mnterial is the Ship Armament Inventory List 
(SAIL), The SAIL, which is produced on data-

processing equiptnent, i ndicates a ship's ordnance 
inventory and Ordnance Alteration (OrdAlt) status. 
It lists in sequence the following: all items per· 
taining to missile launchers, turrets, mounts, 
rocket l aunchers, projectors, torpedo tubes, and 
depth charge release equip1nent; all items per· 
tnining to fire control equipment, target deSigna· 
tiou systems, and weapons direction systems: 
all items pertaining to missile test and tcle1ueter· 
ing equipment; and all items pertaining to target 
control systems. 

Each ship has two copies of the SAIL. Prior 
to a scheduled overhaul, one copy should be 
annotated \'ith Ordi\lt s that have been completed 
s ince the last printing; this copy should be sent 
to NavOrd about seven months prior to the 
scheduled availab!llty. The other copy is kept 
on board, ."cfter the availability is completed, 
the SAIL is annotated to indicate all changes, 
deletions, additions, and corrections, and a copy 
is forwarded to NavOrd. Changes made at other 
times are reported on the SAIL Change Report, 
NavOrd Form 8000/2. 

TRAINING 

In any department on board sh ip no factors 
affect performance tnore than the efficiency and 
spirit of its personnel, The efficiency and spirit 
of the personnel depend heavily upon training, 
Training sti~rts at the lowest level, goes right 
up to the highest, and is never finished. M 
all levels it must be a continuous, progressive, 
and challenging process, designed around real· 
is tic problems and situations, m1d intelligently 
handled to create and maintain interest and en· 
thusiasm. 

All this applies as 1nuch, if not more, to the 
weapons department as to any other. One of thi 
duties of the weapons officer is the supervisio: 
and di rection of the employment of ordnance 
equipment. It is the junior officer's duty to 
implement this program by proper training d. 
personnel. There are several requisites for an 
effective training program. The junior office: 
must be completely familiar with the ordnau01 
equipment for which he is responsible. Thi! 
includes not only operating procedures, bl! 
theory and design characteristics as well. He 
must ensure that petty officers and other Ire; 
personnel, who will conduct instruction 011 

station, are themselves competent and we~ 

informed. The junior officer must careful!! 
appraise his 1nen and assign them stations ii 
accordance with thei r capabilities, both ment~ 
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and physical. Some information can be obtained 
from each man's service record, which Is avail­
able In the ship's office. The division officer 
should supplement this with a division notebook­
wh!ch should contain detailed data on each man 
in the di vision - as we II as a copy of the di vi­
sion watch , quarter, and station bill. 

Pinally, the junior officer cannot neglect 
his own training. He must apply himself con­
tinually and learn not only his job but the jobs 
of those who are immediately senior to him. 

THE NAVY'S TRAINl:-IG 
PROGRAMS 

The Navy has many training programs. One 
of them Is concerned with your studying this 
book right now. To the division officer aboard 
ship, tile important programs can be considered 
in three categories: 

1. Team training programs for the ship's 
persOMel 

2. Individual training programs for enlisted 
personnel 

3. Individual training programs for com ­
missioned officers 

Team training programs are those in which 
groups participate for group training. There 
are m:>rc varieties of team training programs 
than can ever be summarized here. They range 
all the way from fleet maneuvers Including 
thousands of men and scores of ships and air­
craft, to loading drill practice in which only 
three or four men are participating. 

Individual training programs may actually 
involve group study and instruction, but are 
concerned with teaching the indi vlduo.l. 

Tho Navy' s training programs arc not con­
fined to schools - even special Navy schools­
though the Navy does make use Of schools. To 
get a quick picture Of the Xavy's training pro­
grams, let's trace br iefly through the training 
of an enlisted man, then that Of an officer. In 
reading both of these discussions , bear In mind 
that we are here particularly concerned with what 
you may expect to encounter aboard sh ip In the 
weapon~ department. Do not cons ider these brief 
summaries as a complete exposition of the whole 
picture. 
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CAHEER OF A..'\ E:\"1.IS'fED MAN 

Training of an enlisted man starts soon after 
induction, \Vhen he's Inducted, he's a Seaman 
Recruit (SR) , This is the bottom of the ladder. 
He goes to boot camp (more formally known as 
recruit training school), whe1·e he learns the 
basics of Navy life. In boot camp, U1e SR is 
nol only trained , but tested and screened. He 
takes Intelligence tests, test of ability to use 
numbers, mechanical and other aptitude tests , 
interviews, etc. Then he's evaluated and screened 
on the basis of these tests, and this to a con­
siderable degree determines hls career in the 
Kavy. For example, the scores on his tests 
determine whether he is eligible to try for 
certain ratings. Electronics Technician and Fire 
Control Technician strikers, to specify two such 
ratings , must have passed theil' tests with rela­
tl vely high minimum scores In general Intelli­
gence, ability to handle numbers , and mcchanlcal 
aptitude. 

It's at this stage also (if It hasn't been done 
before) that a recruit is shwited into the par­
ticular branch he's interested In and qualified 
for , such as seaman apprenticeship, construc­
tion apprenticeship, or medical apprenticeship, 
to mention a few. As he r ises in any of these 
fields , he becon1es more specialized. Recruits 
\v1th especially favorable test scores and back­
groun<ls may at this sl<lgc be "designated" for 
even greater specialization, Thus a recruit with 
ei..-pericnee in precision machinery or elec­
tronics, and good intelligence and mechanical 
aPtllude scores may go direct from boot camp 
to specialized "class A" school from which he 
graduates as a "designated striker" to be 
assigned to the weapons department as soon as 
he reports on bOard ship, 

Mo1·e f1·equently, however, the recruit when 
he emerges from boot cump has been advanced 
to apprentice (Seaman Apprentice or Si\ , if he's 
been assigned In that branch) and is sent to a 
ship, where he becomes part of the deck force. 
(On a dest royer, this would be the first or 
second division.) After several weeks or months 
of observing b1m, his division officer and the 
petty officers Immediately over him can fairly 
accurately appraise his ca1•eer potentialities, and 
he can be transferred fl•om the deck fol'ce to 
some group in which bis talents and interest 
can be best employed. After 6 months as an 
SA he oun take a 'vrltten test, which Is given 
by the ship, to become an SX, assuming he 
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meets all other requirements. He can become 
a designated striker as an SA or SN provided 
he meets all the requireinents. 

To get the rate he's striking for , the candi­
date for advancement to petty officer third class 
must: 

1. demonstrate that he can actually perforin 
the practical requi rem en ts of the rate as evi­
denced by the Record of Practical Factors, 
XavPers 1414/l. 

2. successfully complete the required mili­
tary and professional correspondence courses, 
If required, the striker must also have attended 
a service school (m::ire about this later). 

3. pass a written servicewide examination 
on the technical aspects of the rate and rating 
he's striking for and on the military require­
ments for the rate. 

4. be recomtnencled for protnotion by the 
ship's conunanding officer. In effect, this is 
the equivalent of saying that he must be con­
sidered qualified by his supervising petty offi­
cers (PO's) and have been recomn1encled by 
his division officer. 

5, have been in grade and in the Navy the 
required minimum titne. 

Bu Pers di rec ti ves promu !gate all these re­
quirements in detail. The list above is only an 
abbreviated review. 

The striker's chances for advancement de­
pend on his examination score (item 3 above) 
and other factors s uch as length of service, 
proficiency marks, and awards, which all to­
gether determine his score total. 1f he has a 
J1<1ssing nltLrk, this ca11 quaJif)1 11i1n fo1· acl\1a..t1ce­
ment to petty officer third class for the partic­
ular specialty (rating) he's striking for, but he 
isn't automatically m'.>ved up to this rate. In­
stead, the names of all those who took the 
exa1nination arc arranged in the order of their 
standing, and those highest in the list are ad­
vanced until the Navy's requirements for this 
particular rate and rating are satisfied. 

The advancement of petty officers continues 
step by step (no skips permitted) in this general 
pattern through all the grades up to the highest 
(Master Chief Petty Officer). It is worthwhile for 
the division office1· to remember that many an 
able man can fully qualify for advancement but 
not actually be advanced, simply because in his 
rating there are fewer available billets than 
qualified candidates for advancement. 

Altliou&>h the top of the enlisted ladder is 
:\laster Chief, it is well to note that certain 

qualified enlisted personnel may enter theofficer 
rat1ks through programs such as Wan· ant Officer, 
NESEP, NROTC, OCS, and the Naval Academy 
(fig. 15- 2). 

CAREER OF AN OFFICER 

Let's now glance briefly at how an officer 
rises in the ranks. In contrast to the picture in 
the preceding article, where in a sense you're 
outside of the frame of reference, you're right 
in the iniddle of this one, 

For an officer, the bottom of the ladder is 
the rank of ensign. Some <\ttain this rank from 
(as the preceding section pointed out) enlisted 
or warrant status, by way of OCS (Officer Can­
didate School). Others are Naval Academy grad­
uates or NROTC or otlier college officer train­
ing graduates. 

We won't go into the details of the complex 
machinery of officer promotion, but you prob­
ably know already that an officer is selected 
(i.e., declared eligible) for promotion before 
actually being · promoted. To ensure himself of 
actual promotion, a selected officer niust be 
prepared fo r it. Aside from the obvious matter 
of knO\ving his job and doing it so that it will do 
him credit, he must also train himself system­
atically, so that he will be ready for promotion 
when it looms ahead. Here are some aspects 
of this training preparation. 

1. CORRESPONDENCE COURSES, United 
States Armed I"orces Institute (USAF!), Navy, 

VS .S A 
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¢<S •• OFFr<£R ¢,\~l!l.\Ti !(HO~I.. 
ACX. •• ll'Jl!,TIO!>.' OFl'IGE~ C.4N01£>.t.Ti 
'IAOC •• l'IAVAI. J.VIAT!ON ¢~FtC!:R C"ll!ltOATE: 
Hl<OTC.MN(o.\'/,1. Rte.elt'l!t orr:cr.R ·u~L\MN!'; :;:;R~; 
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110.166 
Figure 15-2. - Enlisted-to-officer programs. 
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and other correspondence courses are recom­
mended for all Officers to help preps.re them­
selves for adva.ncoment a.nd to broaden lhelr 
knowledge. 'l'his is not 11 r,cquircnient fo r ucl­
va.ncement, however It mll.y Influence the sel!!<:­
tlon board (LT and above) favorably if an o[(lcer 
bas completed some correspondence courses. 
Both lhe neot a.nd the Bureau of l\avul Per­
sonnel have correspondence courses available. 
Fleet ad.ministered courses prepare the student 
for specific officer assignments , such as officer 
of tho deck, weapons Of!lccr , and communlcu­
tio1is oUicer. DuPe1·s admlnlstcred courses lake 
up t.echnicul subject areas such as military 
justlco, naval engineering, dll.mage contl'Ol , and 
tbe like. It's best for a.n officer to lake courses 
roluntarlly, but his commanding ofllcer m.-y 
require him to take certalncourse - forexamplc, 
if the shlp hasn't enough navigators, you may 
be required to take the nnv1gator course so that 
you cnn qualify without delay and alleviate the 
shortage. Since in normal practice an officer 
ca.n toke only one course at u t ime, and com­
pletion oI a course mny take a year or more, 
it Is clear that a career-eonscious officer must 
plan fnr ahead- even If he le an ensign and his 
namo ls not scheduled to go before a selcctlon 
board for promotion. BuPers publishes lists of 
~avy correspondence courses. USAF! publishes 
lists of correspondence courses wltl1 subjects 
at both high school und college leve ls, and a 
list of correspondence counes a;-allable from 
civilian colleges and universities cooperating 
with USAF!. 

2. POSTGR.A.OUATE COUHSES. The :\avy has 
arrangements for officers with some experi­
ence to take postgrnduate training on college 
campuses (wh ich rnuy leud to a degt·oe) or ut 
the Navy postgraduate school nt xronterey, Cali­
fornia. 

3. OTHER NA VY SCHOOLS. The .l\a;-y has 
other officer training courses on specific sub­
jects such as drunagc control or defense agalrult 
ruclcar, ba.cteriolog1cal, or chemical (NBC) 
attack. These are generally much briefer lhun 
the first two types of courses rnentioned :ioove, 
and are offered by Bu Pers. 

Tho ne"'t section ln this chapter will Indicate 
the sol!- trnlning and orientation tbal the Junior 
officer should consider himself responsible for 
when he first reports aboard his ship. 

Sflf PflOARO T RAINING 

Now let us see bow the Navy's training pro­
gTams fit Into the Nuvy career patt.erns. Dotl1 
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shlpbo!l.rd training and training In Navy schools 
hav" individual trainlng ~nd team training as­
pects. 

Individua l training aooattl ship Is concerntld 
"ith such uctlvitl.es as laking co1·respondence 
courses, and sometimes even (especially aooard 
larger ships) with organizallon of fo1•mal classes. 
Usually, however, individunl trulning In which an 
tnstrucror teaches students oe<.-urs In such situa­
tions as where an rn or FTC teaches a couple 
of strikers how to tear down un Instrument 
.se1·vomcchunlsm, 01· to troubleshoot a malfuno­
tionlng electronic circuit, etc. In uddition to 
such job training, both enlisted and officer por­
sonnel can tnke broader <:ourses offered by 
{;$AF£; for example, many men who did not 
finish high school before they joined the NaV) 
have done so through LSA Fl. 

~avy schools a.re also n form of i~.dividual 
training. School attcnd:lncc Is requlrC<I for ad­
vancement In rate In certain ratings. In hil(llly 
technical r11tlni.,-s , such as fT :md ET, it Is 
atn1ost a must, Schools are ulw11ys desirable und 
helpful tor advancement in rating. A man who 
graduates from a Navy school is \'aluable to 
the Navy and at the same time helps him.,el! 
get ahead. 

Team training on board ship m:1y he either 
opernt.ional or in malntemln<.:o work. (T'be hltter 
would includG :such work a:; bo1'esightl11g or otJ1ei· 
rottcry alignment operation~ which requi1·e n 
team of men working together.) Operational 
tra.inlng can OC<.'Ur either aboard ship or ashore, 
and may hl\'Olvc a team o! almo~t any slze. 
Al>Oard ship, operational team tra.!nlng includes 
such acti\'llles as GQ drill, londlng drill (on gun 
mounts) , drills in various bills , and CIC dl'lll. 
Operationa l drills have 01101•mous potential 
training value. However, for the V'.tlue to be 
realized, the leaders of the drill (and this <lUil.<l 
often means the junior division officer or Uie 
di\islon officer) m1tst function Imaginatively, wt 
\\ith a lively sense of the buslnessl!ke pu.rpose 
Of L'le drill , Other operational tr-.tlning includes 
g<1Mery exerc ises, mullishlp exercises (such ns 
AS\V drill) , and the like. One aspect or another 
of tco.m training will, in fact, dominate your 
duty hours aboard ship, - •>T if It doesn't, It 
should. It Is consequently tho aspect of your 
wori< ns di\lsion officer that should get m:ixl­
cium attention, and certainly the ma>.imum 
amount oi constructive thought. 

Fortunately, team training can go on even 
when the crew is not on board shlp. All ships 
must periodically go to a tender or mtval ship­
yard !or ovorhaul and heavy maintenance wot•k. 
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Yard work generally means several weeks in 
which the ship , even if not actually in drydock, 
cannot be operated because its machiner y and 
armament are partly or completely disabled, 
and tlier e is no ammunition or fuel aboard. 
l'luring this period, even if a portion of the crew 
is on leave, some may be sent to fleet training 
schools which specialize in specific weapons 
s uch as the 311/ 50. Other fleet training activ­
ities ashore give quick, intensive short courses 
(alloard "school ships" tempora1·ily assigned 
fOt' this purpose , or in shore ru.cilities) in UB 
plot operations, CIC, spotting, etc. 

l'ollowing every yard period comes a per iod 
of underway " refresher" training (gcnen1!1y for 
5 to 6 weeks) in which the cr ew (many of v,i1om 
have been replaced during the yard period) gues 
through a complete series of training sessions 
at sea, while at the same time the ship is put 
through its paces to check its overhaul. This 
Culminates in the Operational Readiness Inspec­
tion (ORI) in which officers from Uie highest 
echelons of the Fleet check the ship and its 
crew in every aspect of operational prepai·ation. 
Although we have called the ORI a "culmination" 
of underway r efresher t raining, this by no means 
implies that the t raining program can come 
to a standstill; it is i n fact only the beginning 
of a cont inuous, endless process. 

You as a junior division office1· or dh;sion 
officer will have your area of responsibility in 
e'•ery training program that affects the weapons 
department - and few do not affect It. 

\\'EAPOc;::; EXERCISES 

One of the most important aspects of team 
training is the weapons exercise. The rnost 
important objec tive in weapons exercises is to 
train pcrsoru1el in the most ef!ecti ve us e of the 
s hip's annament. Another important objective 
is U1e development of new doctrines , techniques , 
and procedures to keep pace v.~th new targets 
itnd new equipment. llencc the condit ions under 
which they are held are nt>de as reali~tic as 
possible, to eliminate artificialities which might 
le3d to false conclusions. 

Publications promulgated by CXO prescribe 
the weapons exercises now used ln the fleet. 
Separate publications prescribe the training ex­
ercises , procedures, and l'epol'ts required, in­
c luding outlines of the specific tactical situat ions 
which p1·ecede the firing. These publications ar e 
confidential, and are ·in the cus tody of the Reg­
iste1•ed Publicat ions System (RPS) Custodian. 
They 1nay be signed for and drawn for st-<1dy. 
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Frequent reference to the weapons department 
fi !es will keep the officer posted concerning 
past weapons per formance as well as current 
doctrines and procedures. 

Just as important as the firing exercise 
operations themselves are the reports that m·ist 
be made of the operations , and the analysis <:l 
the reports. Too frequently report.<; of weapoDS 
exercises lose their significance and sen~ 
merely to represent additional paper work to 
the junior officer. Remember U1at it is necessary 
to make an accurate appraisal of the effective· 
ness of the s hip' s arrnament , and that to do S<I 
requires carefu l, deta iled analys is of accurately 
compiled reports. 

&tfficient d11ta must be taken during the exer· 
else to permit postfiring analysis. It must be 
carefully assembled and even more carefully 
checked. If the report indicates an ineffecti ve bat· 
tery , every last detail must be scrutinized to as· 
certain the cause -which must then becorreeted. 

Ef'l'ECTTVE NAVAL LEADERSHIP 

" Leadersh ip lights the way. Ignore itandyour 
limit is the work of your own two hands. Learn ll, 
and your limit is the world and the sky above it.." 
The above quotation (of unknown origin, and nottc 
he taken literally) ernphasizes what leadership 
ca_., accomplish. 

:-<a.val leader ship means the art of aceom· 
plishing the Navy 's rn ission through people. 
Effective leadership is based on personal ex· 
ample, good management practices, and monl 
responsibHlty. The United States Navy has lo~ 
Ileen distinguished for the high quality of ii! 
officers and men. The following discussion potnl! 
out the requis ites of being a leader, for im· 
pro~ing on leadership capabilit ies, and for exer­
cising leadership quali ties. 

T HE LEADER 

Few people ar e bor n leaders. The majorit) 
of leader s (in civilian life as well as in thE 
military) have utilized their i~JJate abilit ies ~ 
best advantage, lear ned their jobs tlioroughiy, 
and applied common sense to the task at hand. 
These men have U1us earned for themselves thl 
r espect , admiration, and loyalty of their s uperi· 
ors and s ubordinates alike - they have becomi 
leade1·s . 

The best military leader s are charactei·izeJ 
by pat r iotism, valor, integrity, ability, initiative, 
imagination, judgment, ·loyalty, depc1ldability, 
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tact, self-control, and, above all, a ''can-do'' 
attitude to accomplish a mission despite the 
obstacles. 

Don't let this formidable list dam1t you. 
Leadership is a prerequisite to success, and 
fortunately 1nost men v.1llingly accept direction 
from their seniors. 

LEADERSHIP DURING OFI<'ICER 
TRAINING 

The Navy cannot produce all-around leaders 
in the various officer candidate schools (the 
U.S. Naval Acade1ny, NROTC Schools, OCS, 
ROC, etc.); lt can give them the best leader­
ship education possible at the acaden1ic level. 
Beyond this, you can become a good and success­
full leader only from practice and training aboard 
your ship or station. 

As college students in the NROTC program 
or candidates in OCS, you should be developing 
your leadership potential. U you aren't, now is 
the ti1ne to start working at it. Leadership is 
not bestowed upon anyone automatically upon 
graduation or through being sworn in as a com­
missioned officer. Leadership must be learned 
through exercise. 

LE,\DERSHIP ON IlOARD SHIP 

Leadership has been defined many ways. One 
popular version is: "The ability to have others 
do what you want them to do because ll>ey wiu1t 
to do it." 

The naval weapons concept that you have 
studied doesn't eliminate the individual; para­
doxically it increases the responsibilities and 
capabiUties required of the 0perating persoru1el. 
The effectiveness of any weapon system depends 
on the knowledge and operation of the co1nponent 
parts of the system by the operating persoru1el, 
As a result, the junior officer has to he a com­
binat ion technician, tactician, leader, and fol­
lower. 

\!illy is the "can do" attitude so important? 
Because it's results, not technical potentials, 
that count. The command that utilizes its equip­
ment to maximum effectiveness will defeat a 
more technicaliy advanced adversary whose per­
sonnel are not as proficient employing its weapons 
to maximum effectiveness. 
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\Ve can never afford to blame our technical 
and tactical ineptness on equipment. Nor can we 
rationali ze that bette r equiprnent v.1ll make up 
for our shortcomings. Former Chief of Naval 
Operations Admiral Arleigh Burke emphasized 
on many occasions that "the fleet must always 
do the best \\ith what it has." 

LEADERSHIP POR THE JONIOH 
OFF'ICErt 

As a junior officer you may be assigned 
tasks below your potential. This is a normal 
evolution - minor responsibilit ies diligently and 
efficiently pcrfonned lead to more challenging 
and interesting assignments. It is commendable 
and essent ial to set a high goal to strive for, 
but the higher the goal the more devoted and 
patient you must be. There is always room for 
one n1ore ino'ustrious, conscientious, imagina­
tive officer in any wardroom. Learn your own 
job regardless of what it may be. Prepare your­
self for additional responsibilities and it won't 
be long before you will be fleeted up as a de­
partment head. 

The standards of the Navy are set by your 
superiors, but the successful attainment of those 
standards depends upon the cooperation of the 
junior officer in insuring that those standards 
are understood and compl ied with, 

As a junior division officer in the weapons 
departtnent-or any department for that matter 
- you will find that you are expected to learn on 
the job and perform tasks that you were not 
adequately taught. Junior officers' ability to 
learn on the job affects the operations of a 
department in a large co1nbat ship - but it can 
1nake or break the entire command the size of 
a destroyer . 

The Navy shows great tolerance and fore­
beiirance to the junior officer who conscien­
tiously and industriously carries out his duties, 
who is not afraid to dig for the information he 
needs, and who in e very way evidences a sincere 
desire to do his best as a naval officer. E\'ery 
ship's co1nple1nent is composed of such numbers, 
ranks and ratings of officers and men as are re­
quired to operate the s hip most effectively in war 
and in peace. There is never room £or deadwood. 
Keep in mind what Admiral Sims once said, "We 
believe it is the duty of every officer to study 
his O\Vn character that he may Improve it, and 
to study the charucters of his associates that 
he may act more efficiently in his relations 
to the1n." 



APPENDIX I 

GLOSSARIES 

This appendix is in two parts . The first part 
is a general glossary which lists in alphabetical 
01·der soms terms and abbreviations used in this 
texi, plus a few others . The second part is an 
alphabetical listing of all surface and AA gun 
fire control sy1n'lols-each with a brief e:qilana­
tion - ln conPnon use at the present time. 

The genera l glossary is intended as a con­
venience to the student in home s tudy and other 
situalions where standard author!tative l\avy 
reference sow·ccs are not readlly available. It 
is not Intended to supplant or supersede authori­
tath•e sources. Nor should it be used for general 
reference. The definitions of m?st of the term;; 
and symbols included in this appendix, regard­
less of what they denote in general use or in 
other technical areas, apply prlmrtrily to Kavy 
u~age . 

To avoid inconvenient length, the glossary 
entries are m•)Stly l)r icf and do not usually go 
into detail regarding derivations , shades of mnan­
ing, lin\its of application, etc . For further in­
form.1tlon on any enfry, or for lnformition on 
any term not in the glossary, you should look 
it up In the index to determ:ne If there Is further 
discussion in the text and should then go to ether 
refc1·cncc sources if necessary. 

i'i\.1.!T I -GEl\ERAL GLOSS!\ RY 

AA: Antlai rcraft. 
AAC: Antiaircr aft comm~n (projectile) . 
Aberration: Distortion in optical lens or m 'rr or . 
a- c (or a.c .J: Sec alternating current. 

AC Device: In mines, an antlco1mtcrmining de­
vice that p1·events a m'ne from :letonat:ng 
because of a nearl)y explosion. 

ACP: Sec KW p. 

Acquis ition: The process of accept ing a desig­
n11tlon, acquiring the target, and initiating 
targ-et t.racking. 

ACTH: See Arbit.rary [laJlistic Correction. 

Actuation Cowitcr: A device used to complete 
the electrical circuit to the m ine detonaror 
after a preset number of firing system actu­
ations. 

ADF: Auxiliary de(<)nating fuse. 

Advance Hange: Present range combined with 
the corrections and predictions necessary to 
compensate for own ship and target m·)tion 
during the time of flight, plug ballistic cor­
rections and spots. 

A-End: The variable-output pump in a hydraulic 
speed gear. 

AF: Audio frequency, especially with regard to 
sonar signal fed to loudspeakers or head­
phones. 

After l)ody: The part of a torpedo between the 
nildshlp section and the tall. Usually contains 
propuls ion and guidance equ lpnicnt. 

1\im'.ng: The process of estal)l\shlng target posi­
tion In bcai·ing and elevation. 
A. Aim Is classified as to TYPE by the in­

strum~nt cm;>loyed: 
l. Radar Aim describes determ.,nation o! 

target bearing and elevation by radar. 
a . Pa:rtial Radar Alm describes de· 

term'.nation of \Jear lng by radar ani 
detel'm.'.nation of elevation by sta­
bilizing equiplll•}!lt. 

2. Optical Aim describes determination of 
target bearing and e levation by optical 
instrum-=.nts. 
a . ParUal Optical Alm ilescrlbes de­

termination of target bearing b! 
optical instrument and elevation b; 
means of stabilizing equipment. 

3. Generated Alm :le scribes the gencratim 
of target bearing andele,•ation, andcor· 
l'ections thereto for deck inclination, 
by m()ans of a co1n;>uter 111\d stabiliiiol 
equipment. 
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l.l. Ain1 ls classified as to METHOD by the 
m:l.llner in which the aiming system is 
operated. 
1. Continuous Aim describes continuous 

maasureme nt of target position in bear­
ing ancl elevation. 
a. Continuous Automatic Aimdescribes 

automatic continuous aiming instru­
ment. 

b . Continuous AidedAimdescribescon­
tinuous aiming with the aiming Jn­
sn·um·~nt positioned by s ignals re ­
ceived fron1 the computer and with 
the resulting position corrected by 
the operators. 

c. Continuous Manual Aim ·:Iescribcs 
continuous aiming with the aiming 
instrumrint positioned by hand, using 
either direct manual drive or local 
power. 

2. Intermittent Alm describes per iodic 
n1easuremant of tai·get position in one 
element and continuous m~asurement 
in the other . 
a . Selected Elevation describes deter­

mination of target position continu­
ously in beari11g and interm~.ttently 
in elevation. 

b. Selected Train describes detcrn1:.na­
tion of target position continuously 
in elevation and intermittently Jn 
train. 

AirbOrne Early \Yarning (AE\V): AA search by 
craft other than own ship. 

Airburst: 
1. An explosion of a bomb or projectile a bove 

the surface, as distinguished from ;n ex­
plosion on contact with the surface or after 
penetration. 

2. The explosion of a nuclear weapon in the air 
at a height great.er than the maxim·im radius 
of the fireball . 

Air Flask Section: In an air-steam torpedo, the 
midship section. 

Air-Steam Torpedo: A torpedo propel!ed by a 
ttu·bine engine driven by a m\Aiure of air and 
steam. 

Alternating Cw'l'ent (a-c is the abbreviation used 
in this text; other texts may use a.c .): Cur­
rent (or voltage) that periodically reverses 
polarity in a circuit. Commonly, if the value 
is plotted on a graph agains t time, the result 
will be a m)1·e or less sm·~oth sine wave; 
this is the characteristic output waveforn1 of 

transfo1·m·~rs and generators. Alternatingcur­
rent supplies on ships are generally eithet· 
at 60 Hz or 400 Hz. 

Altitude : The vertical component oJ s la.nt r ange. 
(Since this definition disregards the curva­
ttu'e of the earth, it s hould not be :tpplied 
beyond the limlts of presenl gw1 fire control 
sys tem,>.) 

Amntol: A mixture of amm0nimn nitra.tc and TNT. 
Amrnunition: A contrivance ch1u'ged with explo­

sives , propellants , pyrotechnics, initiating 
composit ion, or nuclear, biological, or chemi­
cal material for use in connection wlth de­
fense or offense, including demolitions. 

Am.n'.lnltion Details: Components of a. round of 
ammunition. 

A1n;ilidyne (Generator): A highly varlable-output 
d-c generator identified with this trade nam~ . 

Am(llidyne Syste1n: A system in which a sma.il 
signa l regulates output of a d-o amplidyne 
generator that feeds a se1·vo lll·3tor. 

Ampli fier (Electronic): A device that uses a. 
component such as a transistor or clecti·on 
tube to Increase the m:i.gnitudc (of voltage, 
otu·rent, or power) of' a signal. 

Amplitude: Ois lancc tlu·ough which a particle is 
displaced in vib1'11tion; a m·~asure of amr>unt 
of vibration, 

AN/: Army-Air Force - Navy designation. 
Analog Con1;:>urer: A con1puter which solves a 

certain type of problem by using electrical 
or mechanical analogs whose end output repre­
sents the solution. Ci. Digital computer . 

Angle of Clim!) or Dive: Tho vertical angle be­
tween the horizontal and the dirccUon of 
inr>tion of the t:u:get measured in deg1'ees at 
the target. 

Angle of Incidence: Angle between an incident 
light l'ay and the norm1l at an optical surface. 

Angle of Renection: Angle bOtween nonnal and 
reflected ray. 

Annunciator: An alerting device used to ind icate 
to pers onnel that target designations are 
pcndh1g. 

Antisubmarine Barrier: Tho lino formed by a 
series of static devices or n1•l bile units 
arranged for the purpose of detecting, denying 
passage to, or desn·oying hostile submarines . 

Antisubmarine \Vlll·fsre (AS\V): OperaUons con­
ducted with the intention of den}1ng the enemy 
the effective use of his sub1nar!nes . 

Antisubmarine \Varfare Forces: Forces organized 
primarily for antisubmarine action . .May be 
com?rised of sui·face ships, a.iroraft, sub­
m.i.rines, or any combination of these and 
their supporting s ystems . 
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Apparent Mean Dispersion of a Salvo in Range 
(or deflection): The arithm<.1tical average of 
the dispersion in range (or deflection) of the 
several shots of the salvo, excluding wild 
shots. 

Apparent \Vind: Wind apparent al the observing 
station; the resultant of the tr ue wi nd and the 
motion of the observing station. 

Arbitrary flallistic Correction: An en1pirical 
correction in range or deflection to compen­
sate for all indeterminate errors in the fire 
control problem. It is obtained from an 
analysis of previous firings . This is com­
n1)nly referred to as ACTH (arbitrary cor­
reotlou to hit). 

Area Fire: Support gunfire delivered in a pre­
scribed area. IJsually used In neutralization 
support Cire. 

Armam·~nl: See Ordnance . 
Armature Heaction: Magnetic field produced by 

induced armature current In a d-o genera tor. 
At•m\ng: As applied to explosives, the changing 

from o. safe condition to a state of readiness 
for Initiation. 

Arming \Vire: A wire harness used to initiate 
arming of a weapon. 

A/R Scope: A type of fire co11n·o1 radar display. 
A/S: Antisubmarine (adjective) . 
Asroc: AntiSubmarinc ROCket. A surface s hip­

Jaunohed, rocket-prope lled, nuclear depth 
chaI'ge or homing torpedo. 

Astor: AntlSubmarine TORpedo. A s ul>marine­
law1ched, long- range, high-speed, wire­
gulded, deep-diving, wakelcss torpedocapable 
of carrying a nuclear warhead for use inanti­
subm:i.rlne and antisurface ship operations. 

AS\V: Antisubmuine warfare. 
ATP: Seo NIVP. 
Attack Director: F.Jectromechanlcal analog com­

puter used to solve underwater fire control 
pi·oblem. 

Atll'itlon Mining: Mining prirrnltlly for the pur­
pose of destroying enemy ships . 

Audio: Audible s ignal, or e lectrical signal that 
eventually is used in production of audible 
signal. 

Autofreltage: A method for presLressing gun 
barrels by radial expansion. 

Auto(m!ltic) Control: Control of a gw1 n10LU'lt en­
tirely and directly through rctn'.'>te signals 
from a fire control systcn1. 

Automatic (Gun): Case gw1 in which some of the 
propellant's energy is used to open the breech, 
eject the em,:>ty case, and load the next round. 

Auxiliary (Explosive or Propellant): Substance 
used in intermediate stages In an explosive 
train. 

A.xlo.1-Plston Pum;>: A pump that consists ol a 
g1·oup of cylinders in a bru·rel, arrang<id 
p11rallel to the axis of the bai-rel 's rotation. 

Axis of Bore: The extension of the centr al a:os 
of the gun bore. lt is tangent, at the m11zzle, 
to the trajectory of a projectile fired from 
the gun. 

AXP: See N\VP. 
Azimuth: The horizontal angle In mils measure! 

Crom grid north to the 01' (obServer- targel) 
line . 

Azim ith Search Sonar: Sonar system that radiates 
txansml.tted pulse in all directions and scans 
spirally in 360° of azim i th . 

Bag Ammunition: Gun amnumltlon with pr opellant 
In fabric bags and wit11 separate projectiles 
and primers. 

Uallist!c Corrections: Correctlons in 1·ange and/ 
or deflection to compensate for kn0\;11 oz 
predicted errors, for drift, for wind, and foz 
all variations from standard range-table con­
ditions . 

llalllstlc Cross \Vind: The horizontal component 
of the ballistic wind at right angles to t:Jie 
t arget bearing. 

Ballis tic Density: The s ingle air density, deter· 
mined by computation, which would have the 
same range effect . on the projectile as the 
actua l densities thr oughout the trajectory. 

Ballistic Missile: A guided missile designed r.o 
follow for a substantial part of its flight ~ 
ballistic (free or unsteercd) trajectory. 

Ballistic Hange \Vind: The horizontal com;xinent 
of the ballistic wind parallel to the target 
bearing. 

Ballistics: The science that deals with the motion, 
behavior, appearance or modification of mis­
siles or other vehicles acted upon by propel· 
la11ts, wind, gravity, temperatm·c or any other 
m•)difying s ubstances, conditions or force. 

Ballistic Trajectory: The trajectory traced after 
the propulsive force is terminated and lhE 
body Is acted upon only by gravity and aero­
d:r11amlc drag. 

flalllstlc \Vind: The effective wind, determine:! 
by com;iutation, of s uch force imd direction 
that Its action on the projectile during the 
t ime of flight will be the sumo as the com­
bined actions produced by the various true 
winds acting in the strata through which the 
projectile will pass as It m•)ves along the 
trajectory. 
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llarrage: lJnrrier of fire executed on predeter­
mined firing data . The initial shots are placed 
across the probable path of the target. 
A. Barrages are classified as to mflthod by 

the mru1ner In which position of the bui·sts 
is varied. 
1. Line-of-Sight T.larriage is a barrage 

using fixed fuze setting and varying 
sight settings , with each s hot so di­
rected that bursts will occur !n the in­
stantaneous line of sight to the ta1·gct. 

2. Fixed-~one Barrage is a barrage fired 
with fixed s ight s ettings. Once the tar­
get has passed through the zone of fire, 
a second zone may be selected and a 
new barrage fi.t·ed . 

3. Creeping-Zone Barrage is a barrage in 
which the fuzc settings are varied in 
such a way a.s to advance along the track 
slower than the actual ttu·ge t adv:u1ce. 

Ba1·rel (Gun): Part or gun structure that contains 
the bore. 

Base Length (of Rangefinder): Distance between 
windows . 

Base fling: Base section of rotating strt.>cture of 
gun or rocket mow1t. Al o>,o called "deep 
section rit)g'' 01· ' 1lo\ver ccu·riage. ' 1 

Base Surge: A cloud which rolls out from the 
bottom of the column produced by a sub­
Stu·face burst of a nuclear weapon. For under­
water bUl·s ts the surge is, in effect, acloud of 
liquid droplets which has the property of flow­
ing almost as if It were a h<>mogencous fluid. 
f o1· subsurface land bursts the surge is made 
up of sm::tll solid particles but still behaves 
like a fluid . 

Basic Mechanisms: Ele1nenta.ry components of 
m.1chinery, including various basic m.1c hincs . 

"Bathythermograph: A recording thermometer lhat 
shows water temperature at ''arious depths. 

Batten Board: Flat sc reen with target markings, 
sometimes used in boresighting. 

Battery: All guns, torpedo tubes, searchlights, 
or m'sslle launchers of the sam-> size or 
caliber a.t•e used for the same purpose, either 
installed in one ship or otherwise operating 
as an entity. 

Battery AligntnP-nt: Alignment of weapons and 
Hre control equipm!>nt to a common system 
of reference lines and planes under specified 
conditions. 

Battery Com;>artm~nt: In an electric torpedo, 
lhe rn.'.dship section. 

Battery Control : The direction of the e mploy­
ment of al! the rn•1w1ts 01· turrets of a similar 
caliber or purpose in a \ressel. It is con­
cerned with the disposition of the m')unts or 
turrets with respect to the fire control stations 
of the batter y, the interior oon1munications 
plan to be w;ed, thedesignationandaoquisition 
of targets by the battery or group, and the 
standard procedures to be em;lioyed. '!'he 
Battery Control Officer Is assisted by Group 
and Sector Control Officers, and by CIC 
Weapons Liaison Officexs . 
1. Battery Control is classified as to type 

by the manner in which the command of the 
battery is exercised. 
a . Collective Battery Control ls that type 

of battery control in which the direction 
of the employment of the battery is 
centralized. 
(1) Divided Llattery Control is that form 

of dispersed control wherein a bat­
tery with two directors is divided 
into forwar d ancl aftor l>atteries for 
command purposes. '!'his form of 
control is associated with centerline, 
single purpose batteries . 

(2) Sector Battery Contxol Is that forn1 
of dispersed control in which a bat­
tery with m·.11tiple directors is 
divided into sectors for control pur­
poses. 

2. Battery Control classified as to n1ethod 
prescribes the grouping of the mounts or 
turrets with fire control stations, com.mand 
oomm·.1nications channels between fire con­
trol stations, and p1·ocedtu·es for desig­
nation and acquisition. For a particular 
vessel the groupings arc prescribed in the 
battle bill. 

Battery Position: Recoiling parts of gun in posi­
tion for gtm to fire. 

Battle Announcing System: A system of mi.c1·0-
phones, amplifiers, and loudspeakers used for 
internal comm,ulication aboard ship. 

Battle Bill: A table listing stations to be manned 
and personnel required under battle conditions 
aboard ship. 

Battle Control Stations: Primary key points of 
ship' s battle orgnnizatic>•L 

Battle Telephone: Sound- powered telephone. 
Bazooka: A small infantry-laWl()hed rocket 

originally designed ·as an antitank weapon. 
BDf: Base detonating fuze. 
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llcacon: 
1. A self-propelled nolscmlker ejected by a 

suhnnrine to distract A/S attack. 
2. A radur >1ignal transm 1ttcr used to estab­

lish a reference !lOlnt or fol' other pur­
poses. (Also called II aeon.) 

13cam Hldcl': A missile guided by a r adar or 
radio beam. 

Bearing !late: Hate of change of target bearing 
from own bhip caused by the 1'elative m'tion 
of own ship and target. It may be expressed 
in knot8 (linear m•msure) or In degrees per 
m · nutc (angular m~asurc). 

llcll (Gun): Thick part of gun muzzle (not on all 
guns). 

Bench Murk: In battery alignm;Jnt, a reference 
point on own ship structure used for aligning 
bat tor y directors . 

ri-i:: ND: The hydraulic m•)tor in n hyd1·aulic speed 
geaJ'. 

I.Iii!: A written directive that prescribes a pro­
cedure for pcrforn\:ng some operation, or 
dealing with some specific situation. It lists 
what Is to be done, m1terial n<.>edcd, and who 
does It. 

Ulllet: A specific duty or stat1on assignment to 
which an incl iv idual m11y be namt?d, or a com­
bination of such assignments to which a single 
incllvlduru is nan1ed. 

Rillet Number: A code designating a crewinan's 
division, section, and precedence. 

Uinary: lla\•ing only two altcrnnuves, such as, 
ON or OFF. (A binary num'>cr consists of l's 
and o•s. The binary numbering system uses 
the base 2; the decim~I numbering system 
u~es the base 10.} 

UlologlCal \l'eapon: An item of m:iterial Which 
pro.Jects, disporses or disseminates a biologi­
cal agent including arthl·opod vectors. 

RT.: Olhld-loaded projectile. C:quivalent to 
plnstcr-loaclod or sand-loaded. 

Fll ack Powde1·: An explosive mlxturo (used usually 
as o.n auxiliary) Dl.'ldc up of carbon, surfur, 
and saltpeter. 

Ulank Am 1l•mition: Gun amm·.mltlon lacklng pro­
jectiles. 

Ulastlng Cap: Ocm·Jlition charge lnltlatlngde,•ice. 

Blind Time: Tin1e lapse from instant of firing of 
an A/S weapon till it reaches predicted pos i­
tion of subm:u·ine target. 

Blip: b:lem<)IJt of radar or sonar video presenta ­
tion. Also callccl "pip. " 

Blipology: Interpretation or cathode-ray t.ube 
displays. 

l.llowbaok: Escape, to the rear and under pres­
sure, of gases formi?d during the firing of the 
gun. B!owback may be caused by a defective 
breech m'3chanlsm, a rupturedcartridgecase, 
or a faulty pr I mar. 

l.lomb: A m'ssile containing explosive or chemi­
cal fll ling generally dropped from an aircr aft. 

Booster: 
1. A unit in an explosive train which causes 

detonation of the mnln charge. 
2. An auxiliary or initial propulsion system 

which provides initial thrust, 
Uorcsafe (Fuze): A fuze designed to arm only 

after the projectile passes the gun m:iizle. 
Boreslghting: Adjusting sights to be parallel wilh 

gun bore axis or to m;1ke their lines of sight 
intersect gun bore uxls at some specified 
range. 

Oottom Mine: A mine designed to be laid on sea 
bottoin. Forin1:rly called ground mine. 

l.lourrelel: Annular part of a projectile forward 
of the rotating band. 

Bracketing: A method or adjusting fire in which• 
bracket is established by obtaining an over and 
a short alo11g the spotting line, and then suc­
ces8 ivcly splitting the bracket In half until a 
target hit or desired bracket is obtained. 

llrecohblock: Gun mP-chnnlsm clement thatblocks 
cham'ler when gun Is ftred. Also callee 
"plug." 

Rrisancc: llnpidity with which an explosive de· 
velops Its ma.xim·.un pl'essw·e. 

Brush: Contact used with sllp rings and com· 
mutators. 

B-Scopc: A type of fi ro control radar display. 

BT: Abbreviation for bathylhcrml)graph. 

Uuilt-up (Gun): A type of prcstressed gun barrel. 

llurnout: The point in time or In the missile 
trajectory when com~ustlon of fuels in t~ 
rocket engine is terminated l)y othor than 
program,1ed cutoff. 

Burster: Burst1ng charge or explosive load in! 
projectile, mine, torpedo, otc . l'lnal unit in 
an explosive train. 

Caliber: Xominal diameter of projectile or mat­
ing gun bore, or dlam:.iter or rocket bead. 

Call Fire: Fire delivered on a specific target k 
rcs1'l0nsc to a r equest from the supported unit. 

Call fol' Fire: A request tor fire containing daia 
ncc~ssary for obtaining the 1•equi1'ed fire ot 
a target. 

CAP: Combat Air Patrol. 
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Capacitance (CJ: The property of a particular 
type of electrical nonconductor that perm:ts 
it to store energy when opposite surfaces of 
the nonconductor are mnintained at different 

I V<Jltngc potentials . 
Cu.i·ham:tc: A stahilizer used in SPCG. 
Carrier St.i·iking Force: A naval task fot·ce 

composed of aircraft carriers and supporting 
combatant ships capable of conducting strike 
operations. 

Cartridge c.,se: (See Case Am,,.,unition.) 
Case Arn-n·mition: Gw1 amlllllllition with pro­

pelling charge and related components In a 
mr:tal or plastic CaI'trldge case. 

Cavitation: Form:ition of p:irtlal vacuum oncer­
tain parts of fast-rotating ship screws; this 
causes inefficiency and considerable acoustic 
disturbance. 

GD Mechanism: In m•nes, a clock <ielay device 
to delay arming for a period after planting. 

Celluloso Nitrate: (See Pyrocotton.) 
Center of Hurst: A point about which the (Jiu·~t~ 

of projectiles fired under like conditions arc 
evenly distributed. 

Central Am;:>lificr Sy~tem: A type of battle :1Jl­
nounclng system. 

Centrifugal 1.-'orce: ht a rotating object, radial 
thrust away from center of rotation caused 
bi• inertia. 

Chamber (Gun) : That part of the gun in which 
the propelling charge ls located when the gun 
is ready lo fire. 

Chase (Gun): (See Gun Chase.) 
Chemical Agents: Substances used in m mtttons 

for signaling, screening, asphy>dation, or 
chemical attack. Tho three main varieties 
of chemical agent are war gases, snv>kes, 
and incendiaries. 

Chemical Torpedo: A type of air-stream torpedo 
t11at uses hydrogen peroxide to support fue l 
combustion. 

Chronograph: Any of several devices used to 
measure and record velocity of a gun pro­
jectile after it leaves the m.1zzle . 

CIC: Sec Combat Inform.1tion Cent.er . 
Closed-Circuit Television: (also Closed-Loop 

Televis ion) A television installation in wh ic h 
the signal is transmitted by wire to a Ii m\ted 
num 'Jer of rccei ve1·s. 

Closed-Loop Servo: A servosystem in whloh a 
servom)tor is em;iloycd to amplify a com­
paratively weak signal. It is com;:iosed of an 
error detecting device, an error signal am­
plifier, and a m•)tor . Input signals and the 
r tJsponse of the motor ll.re com ;:mred by the 
error detecting device. 'l"he resultant c1·ror 

is am;illflcd and drives the m•Jtor . The m;>tor 
rotates in such a direction as to cancel tho 
error signal. 

Close SL1pport Arca: Area between friendly front 
lines ashore <ll1d the near li mits of zones <)f 
responslbl Ii ty. 

Close Support ~'ire: Fire placed onencmyu·oops, 
weapons, or positions which, because of their 
proximity, present the most imm.~iate and 
serious threat to the supported unit. 

Closure :\lining: Mining priinaxily for the purpose 
of preventing passage of enemy ships. 

Cock: A plug type va lve seated in a pipe. A pet­
cock is generally used to open or close a 
drain or other type of exhaust opening in a 
system. 

Collimating Lens: A lens used to produce parallel 
light rays. 

CO~I: Con1,1~n (projectile). 
Co1n')at lnfc)1'm:i.tion Center (CIC): The agency in 

a s hip or aircraft n1anned and equipped to 
collect, display, evahrnte, ru1d clissern inate 
tactical lnfornt.'.Ltion for the use of the flag 
officer (If emiiarke<l), com-n'lnding officer and 
certain control agencies. Certain control, 
assistance and coordination functions nuy be 
delegated by oominand to the Combat Tnform!l­
tion Center. 

Combustion Flask (Torpedo): Cornpartrnent in 
wh ich fuel-air mixture burns. 

Cormn ·.1tato1·: Rotating contact system consisting 
of a ring-like art·angcn1cnt or insulated metal 
l>a.t's, or other groups of discrete contacts 
which arc touched sequcntio.Ily by a brush 
as a rotor turns . 

Compensator \Vedges: Thin optical prisms used 
in optical ra.ngefinder. 

Complete Hound: A II ammunition details r equired 
to fi1·t: one shot. 

Compression \Vaves: Sec Longiludinnl \Vaves. 
Conccntralion Area: A lirniled area on which a 

volume of gunfire is placed within a limited 
time. 

Conditions of Loading: In int.,rlor ballistics, the 
powder used, the weight of charge, the density 
of loacllng, the volume and sh11pc of the powde1· 
chamber, n.nd pro.iectilc weight. 

Condition \Vn.tch: Award ship, a personnel dis-
90sition based on 'degree or readiness . 

Conical Scan: Tn radar, a type of antenna heam 
scan used for target tracking. "Ille scanning 
is characterized by having a fixed tilt angle . 
The axis of the racliofrequenoy beam generates 
a cone whose vertex angle ls usually from 
five to ten degrees. 

487 



PHIKCIPLES OF NAVAL ORDNANCE AND GUt\NERY 

Conservation of Energy, Doctrine of: Except for 
nuclear reactions, the quimtity of energy in 
the universe remains the san1e, but 1nay be 
converted to different forms. 

Consti·iction: Narrowed part of gun bore. 

Contact: In AA or A/S search, a detec ted poten­
tial or actual target . 

Contact Mine: Mine that will explode when target 
touches the 111ine or one of its sensiti\'e 
components such as an antenna. Contact firing 
mecll:u1ism3 ffiil.J' b~ innchanical, g<t.lt1anic, or 
electrochemi.cal. 

Control: Authority, less than full command exer­
cised over the arma1n":it or a portion the1•eof. 

Control Indicator: Sec Sonar Control Indicator. 

Controlled Mine: Mine controlled from a s tation 
ashore. 

Control Units: See \Vcapon Syste111. 
Conventional \Veapons: t\onnuclear weapons. Ex­

cludes all biological weapons, and gene1·ally 
exc!ttdes chemical weapons except for exist­
ing smoke and incendiary agents, and agents 
of the riot-control type . 

Convergent Lens: A lens that causes parallel 
light r ays entering it to converge. 

Convoy: A fonnation of 1nerchimtrnen (us ually 
under naval protection) . 

Cool Propellant: Propellant that burns at rela­
tively low ten1perature. 

Coordinate Converter: An electromechanical in­
strument used to compute bearing and range 
from north -south east- west position. It can 
als o compute the north- south east-west posi­
tion from director train and range infor mation. 

Cooper Fouling: Metal residue deposited in gw1 
bore by erosion from rotating bands. 

Cordite N: See SPCG. 
COSAL: COorclinatccl Shipboard Allowance List . 

An allowance list of consun1able parts re­
qui!•ed to support a ship's on- board equip­
ment. It is determined by a physical inventory 
of the on-board equipn1ent on an INDIVIDUAL 
s hip basis. 

Counter battery fi1·e: Sttpportfiredirected against 
enemy weapon em ;:>lacements for the purpose 
of silencing them. 

Cotmtexmeasures: That fortn of m; litary science 
which by the cm;:iloyment of devices and/or 
teclmiques has as its objective the i1npair­
mcnt of the operational effect iveness of enemy 
activity. 

Countermining: The detonation of 1nlnes by near­
by explosions, e ither accidental or deliberate . 

Cotmterrecoil: Move1nent of recoiling gun parts 
toward battery position. This is accomplished 
bJf a r'ccJu11terrecoil mec.hanism11 01· 1're­
cupe1·ator. ' ' 

·Cotmterrotation: Rotation in opposite directions. 
cps: Cycles per second. (See Hertz.) 
Creep: Forward th.!'ust on fuze pai·ts caused by 

gradual slowing of projectile in flight. 
Critical Angle: At angles of incidence greater 

than the critical angle, an incident light is 
r eflected back into glass. (This p1·operty is 
called " total internal reflection. ") The value 
of the crit ical angle depends on the refractive 
index of the glass. 

Crosshail·s (or Crosswircs): Reticle n1arks con· 
sisting of a pair of ni<ttually perpendicular 
lines (horizontal and vertical). 

Crosslevel Angle: Inclination of the battery ref­
erence plane with the horizontal, usually 
measured in a pla.ne perpendicular to the 
plane in which level is measured. The latter 
plane 1nay be either the vertical or a plane 
perpendicular to the reference plane, depend­
ing on the des ign of the control equipment 

CH T: Cathode- ray tube. 
CS Mechanism: In mines , a clockstarter device 

that starts or stops the tin1ing m·~chanism 
in the mine. 

Cycle: An interval of time <luring which a se­
quence of a recu1·ring succession of events 
or phenon1ena is completed, such as a com­
plete per formance of a vibration. 

Cyclonite: See RDX. 
Vamping Generator: A-c or d-c motor-dl'iveo 

tachometer type generator in a servo system, 
whose output opposes the signal which drive; 
the motor . Also called "stabilizing" or "feed­
back" generator . 

Danger Space: For a 1naterial target this is the 
distance in front of the target, mcasuroj 
parallel to the line of fi re, that the target 
could be moved toward the firing point, S<l 

that a shot striking the !Jase of the target 
in its original position would strike the top 
of the target in its new position. 

Dash: D1•one Ant iSubmnrine Helicopter. Smi1ll, 
lightweight, re1notely controlled helicopter 
capable of operating from a destroyer aod 
delivering an antisub1narine warfare weapon 
to an cncn1y s uJnnarinc . It provides destroyers 
with a standoff weapon. 

Dashpot: A hydraulic braking mr~chanism. 

Data Transmission Syste1n: Syste111 (usually elec­
trical) for conveying precise fire control and 
navigational data fron1 one point to another. 
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Datum: In AS\V, a reference point at which a 
subm:u·lnc was last contacted. 

D/C: See Doptb Charge. 
d-c (or d.c .): See Dlrcol Ctu·rent . 
Dead Tim9: T'Jm~ Interval between fu2e setting 

and firing of gun. 
Decibel (db): Difference expressed logarithmi­

cally between two sounds, or a sound and an 
arbitrary reference level. I' • 10 log A/B. 

Decopperlng: Process of removing copper fouling 
from gun bore. 

Deep Section fling: Seo llase Ring. 
Deep Support Fire: Fire directed on objectives 

not in the im-ncdlate violnily of our forces, 
for neutralizing and destroying enemy re­
serves and weapons, and inte1·fering with 
enemy COIUl'.llanc.l, supply, communjcations, 
and observations. 

Defensive Minefield: Mines laid to deny friendly 
waters to enemy. 

Defllade Fire: Gunfire delivered on shore targets 
looaU!d behind some terrain feature. 

DeOectlon: The lateral angtc.lar correction (con­
verted to the deck plane whe1·e necessary) 
which is applled to the target besring In the 
deck plane to obtain gun train order. 

Deflection Modulation: A principle of radar indi­
cator functioning In which the electron beam 
is deflected to show a blip. 

Dogaus~iog: A method of reducing a !ihlp's mng­
notic field by use of scvel·al types of coils 
C!U'rying direct current around parts of the 
ship's hull. 

Degaussing Range: An installation containing 
mngnetic sensing devices. Ships steaming 
past the sensing dovices cause their s igna­
tures to be recorded. 

Degree of Freedom: Ability to rotate 011 a.n a.xis . 
Degree of Readiness: Status of ship's comple­

mP.nt, plant, and armament under specific 
conditions. 

Deliberate Attack (AS\VJ: Concentrated attack to 
kill. 

Delivery Device (in Weapon System): See \\'capon 
System. 

Dern~Ution Agents: l!:xplosives used indem·~litlon 
equipment other than ammunition. 

Density of l.oading: llat!o of powder weight to 
that of a volume of water which will fill the 
powder chamber at a specified te mpcr at \ll'C . 

Depermt11g: Reducing the permanent magnetic 
neld of a ship's hull. 

Depth and Roll Recorder: A device that records 
a torpedo's running deptb and angle of roll 
during the run. 

l>epth Charge: An underwater explosive used 
against submarines. 

Designate Hooks: Visual representation of des­
ignated target pos ition, used in somo typos 
of target designation systems. 

l.>es!gnation Indicator: An equipment which dis­
plays radar or television video on the face 
of a kincscopc (cathode-ray tube) . 

Destruction Fire: Fire dell vcred for the sole 
purpose of destroying material objects . 

Uostructor: A small, special pUl'pose ex-plosive 
charge used to destroy cquipmlnt in danger 
of capture, and to destroy weapons for safety 
reasons. 

Deterrence: The prevention fron1 action by fear 
of the consequences . Deterrence is a state 
of mind brought about by the ex:tstencc of a 
credible threat or unacceptable counteraction. 

Detonation: Violent chem1oal action (oxldntlon 
and recombination) initiated by a shock and 
producing a shock wave, heat, and gases. 

Detonator: Initiating device In an explosive train. 
DI: Delayed ignition (tr acer) . 
Differential: 

a . Cylinder. A piston-cylinder hydraulic de­
vice used to develop either equal thrust 
with Wlequal pressuro or unequal thrust 
with equal pressure. 

b. :\1echanlcal. A gear arrangement used lO 
add or subtract mechanical inputs. 

c . Synchro. Either of two types of synohros 
used to develop a mo.'Chnnical or electrical 
differel!ICe between or sum of two inputs. 

Digital Computer: A computer, m:!Dhanico.1 or 
electrical, that performs m11thematioal oper­
ations by counting. Cf. Analog computer. 

Diode: A two-electrode electron tube containing 
an anode and a cathode or a two-element 
semiconductor. 

Dip: Apparent depression angle of the horizon 
at sea: varies with height above sea level. 
Dip dUference ts the difference in dip at 
different heights . 

Dip Son:u-: Airborne sonar equipm~nt lowo1·ed 
Into the water for sonar observations Crom 
hovering helicopter. Sometimes called "dunk­
ing sonar. " 

Dlphenylamlne: A stabilizing compound used to 
retard deterioration in single- based powder . 

Dip-Needle Mechanism: A tyr>e of m11gnetio 
mine firing mechanism. 

Direct Current (d-c is the alll.>reviation used ln 
this text: other sources mny use d.c.): Cur­
rent (or voltage) that does not reverse polarity 
periodically. {See Alternating Current.) A 
direct current 01· voltage may fluotuato, or 
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it may be Interrupted but lt is still direct 
current. 

Direct Fire: Gunfire delivered ona target ashore, 
visible to the firing ship, which uses the 
target Itself as an ain1ing point. 

Director: A fire control unit that establishes 
location of target and may fu1·ntsh gun orders 
or other weapon positioning information. 

Direct Supporting Fire: Fire delivered In suppor t 
of part of a force, as opposed to general 
supporting fire which is delivered in support 
of the force as a whole. 

Dispersion (of a Shot): The distance of the point 
of lmj)act of that shot from the ~I PI of the 
Salvo. Dispersion in range Is measured paral ­
lel to tho line of fire, and In deflection at 
right angles to the line of fire In a horizontal 
plane . 

Distress Signal: A dual-ptrrpose pyrotechnic de­
vice. 

Diversionary Attack: An attack wherein a force 
attackS, or threatens to attack, a target other 
than the mnin target, for the purpose of 
drawing enemy defenses away from the main 
effort. 

Doctrine (l\aval Warfare): A working principleor 
rule of combat that has been developed theore­
tically and proved by experience. Procedures 
are methods used to put the doctr ine into 
effeot. 

Dom.•ln ('.Vlagnetlc): See ;\1ab'Tlet!c Domain. 
Dom~: UnQerwater sonar transducer housing. 
Doppler Effect: Apparent change of frequency 

of sound (or any other form or wave motion) 
when the source and the ol>Server are in 
motion relative to one another. 

Double-Rase Powder: Solid rocket propellant 
usually composed chiefly of nitroglycerin 
and nitroguanidine. 

Double -Speed (Synchro) Operation: Use of two 
parallel synclrro sys tems, usually one oper­
ating at 1: 1 ratio with input, and one at 36:1 
ratio with input, for greater accuracy. Cf. 
Single-Speed (Synchro) Operation. 

Dredger Hoist: A type of ammunition hoist used 
between handling rooms. 

Dri!t: (I) Deflection of projectile trajectory by 
interaction of gravity, air resistance, and 
projectile spin. (2) Rate at which water cur­
rent flow rn•)Ves a ship with respect to the 
land. (See also Set.) 

Drifting Mine: A mine with no provis ion for 
maintaining a fixed position after planting. 
It Is free to m )ve with the waves, current, 
and wind. Drifting mines mriy watch at the 
surface or m:iy be kept at a set depth by 

depth control devices. They are to be dis· 
tlnguished from floating m:nes which are 
moored mines that have broken loose. Drift· 
lng ml nes are no longer used by the United 
States. 

Drone: A vehicle - land, sea, or air - which is 
remotely or automatically controlled. 

DHT: Dead- reckoning tracer. An electrome· 
chanical automatic plotting-tracking devi~ 
which continuously displays own ship position 
and track on a chart. Some types may also 
show own ship heading. 

Vummy Director: Test servo (usually synchro) 
signal generator . 

Dummy or Drill Ammtmition: Amm•mition with· 
out explosive or propellant. 

Early Warning: Target Information obt<Uned be· 
fore r aclar or optics aboarct own ship acquires 
tho target. Eai·Jy warning data m1y be trans· 
m!tted from picket ships, AE\I' system, radio 
communications, shore based obeerqers, or 
operational orders. 

Echo: The signal reflected by a target to a 
sonar or radar set to indicate target poSitio•. 

ECM: Electronic countermeasures. 
Effecth•e Range: The maxlm•tm distance at wllicb 

a weapon may be expected to fire accuratel1 
to Inflict casualties or dan1age. 

Effo1·t Arm: Distance on lever arm from fulcrum 
to point at which effort thrust is applied. 

Electrical Firing: Fir ing a primer byelectricity. 
Electrica l Resolver: A special type of rotating 

Induction device which can function as a 
component solver or vector solver. It con­
tains two rotor windings 90 electrical de­
grees apart and two stator windings also 9~ 
electrical degrees apart. The resolver lll!Y 
be used for the following purposes: 
1. Rcsolut.ion - to solve vectors for right 

angle components . 
2. Com;iosition-to combine right angle com· 

ponents to produce a vector. 
3. Combination - to combine several vector; 

to produce a single sum vecior . 
l::lectr!c-Sctting Torpedo: Torpedo whose control 

settings are made through servomechanism; 
and relays which remain connected to the lire 
control system until the instant the torpedo 
is fired. 

Electric Torpedo: Unless the conte>.'t clearly 
indicates otherwise, th.is te1·m conventionally 
denotes a torpedo equipped wlth · electric 
propulsion gear. It does not denote "elecir~ 
setting" unless the context requires it. Fo: 
the sake of clarity, the ambiguous terll 
"electric torpedo" is best avoided. 
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Electron 'l\tbe: A device in which conduction of 
electricity is provided by electrons llloving 

I 
through a vacuun1 or gaseous n1ediun1, within 
a gastight envelope. 

I 
Elevating Arc: Gear sector on slide u.~ed to 

elevate l,"Ull. 
Elevating Gear: Mechanical, hydraulic , and elec­

tr ical equipment used for elevating a. weapon. 
Elevating );ut: Part of a screw type gu.r1 elevating 

mechanism. 
Elevation: l\lovemcnt of a weapon in a plane 

perpencl!cu!ar to the deck. Als o properly 
called "pointing." 

Elevation Alignment: Adj ustn1ent of fire control 
and weapon systclll elements so that they are 
in effect all parallel and all at exactly the 
sam·~ angle to a selected horizontal plane . 

Elovation Rate: Rate of change of target eleva­
tion (position angle) in degrees per minute . 

E~IF: Electrontotivc force; usually equivalent 

I to voltage. 
Enabling (of Torpedo): Activation for pattern 

i•1uming 01· homing; in latter, exploder is also 

I 
armed. 

Enabling Run: 
l. The straight portion of a pattern- running 

torpedo's l' tm . 
2. The portion of a homing torpedo's run 

that ends when the search patter n s tarts. 
Energy: Capacity for nolng \Vork: Kinetic energy 

is energy in being, as that of a falling pro­
jectile or bll1'ning propellant. Pot.ential e nergy 
is energy that can be released, such as that 
in a chelllical propellant that has not been 
fired, or in a projectile about to descend f1·01n 
the peak of its trajectory, 

Enfilade Fire: Gunfire 011 a grow1d target whose 
long axis is parallel to the line of fire. 

Equivalent Ser vice Rounds (E.S.R.): Standard 
1mit of mcaSll1"emBnt of numher of ro1u1ds 
fired from a gun for purposes of estimating 
resultant wear . 

Srector (Lens or Prism): Opt.ical element which 
inverts a real in1age. 

Erosion (Gun): \Vear in a gun b:>rc . 
Error of the Mean Point of Impact: The distance 

of the ?.iPI from the target or other refer­
ence point, measured parallel to the line of 
!Ire !or ra.ngc and at right angles to the line 
of fire for deflection. 

Error Recorder : Recording device used to show 
servo systen1 performance. 

!rror Signal: In a servo, the difference be­
tween order s ignal and r esponse. l::rror sig­
nal ls fed into the servo's am·,ilifying device . 

1-Scope: A type of fire control radar display. 
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ETF: Electrical time fuze . 
Ethyl Centr alite: See carbainitc. 
Evaluation of \\'capon System or Com.»nent: 

Study a11d appraisal of cHectiveness of weapon 
system or component . 

Exercise Head: That section of a drill torpedo 
or ml ne filled with inert and instrumentation 
materials, which e nables tr·ainingof!>'~rsonnel 
and recovery of weapons for evaluation. 

E>.'))loder: In a torpedo, the analogue of a pro­
jectile fuze. 

l::xplosion: Sec Detonation. 
Explosive: Any material that can detonate and 

is comn1only used so that it will detonate. 
Explosive D: A1n•n·.ll'lition picrate. A nota!Jly 

insensitive explosive. 
Explosive Ordnance Disposal Unit: Personnel 

with special training and equipm.~nt who render 
e>.-plosive ordnance safe (such as bombs, 
mines, projectiles, and booby traps), 1na.ke 
intelligence reports on such ordnance, and 
supervise the saie ren1oval thereof. 

E>.1)lOSive Train: Explosive units designed to 
function in sequence. 

Bxter !or 13alllstics : See Ballistics. 
Exudate: Eiqllosi\'e oily substance, potentially 

dangerous, given off by cast TNT in storage. 
F.yepie.ce (Lens): See Ocular Lens (Telescope). 
Fairing: Structitral additions to im;irove stream­

lining. 
F anfa1•e: A device towed by surface .ships to 

produce a false s igmil to distrac t enemy 
subn1a.ri?1es. 

Farad (f): Basic unit of capacitance n1eas1u·ement. 
The farad is too large a unit for practical 
work, s o two smaller units -111icrofai·act and 
picofarad (micro- mlcrofarad} -are generally 
used . A m:crofui·ad is equal to one-millionth 
of a farad, and a picofai·ad is equal to one­
ml Ilion th of a lllicrofarad . 

Feedback (Servosystem): Signal fro1n servo out­
put fed back to Input to regulate servo action. 

FFAR: The 2.75-inch folding- fin aircraft rocket. 
Fin-Stabilized Hocket: A rocket s tabilized by 

aerodynamic surfaces on its tail. 
Fire Control: The organized system by means 

of whic h the offensive power of ai·rnament 
is controlled. 
1. Fire Control ls c las sified as to type by 

the systcn1 Clllployed. For each type of 
fire control, the battle bill of the ship 
specifies the instruments to be employed. 
a . P ri1na.ry !•' ire Control. The systen1 pro­

vided to control before damage occurs 
to this system; it prescrilJcs the utili­
zation of the principal system. 
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b. &.'Condary Fire Control. An alternate 
system to give greater flexibility of 
control. 

c . Auxiliary Fire Control. A system pro­
vided solely to substitute for a primary 
system in case of d1Unagc. 

d . T.ocal Fire Control. Control of a single 
gun inount or a turret Crom a local 
s tation hi or adjacent to the mount or 
turret. 

2. Fire Control is classified as to m9thod 
by lhc procedures cm1)10yed In the direc­
tion of the fire of the battery. 
a. Olrect Fire Control. The control pro­

cedure employed when the target is 
obsel'\'ed from the flrlng vessel visually 
or by radar. 

b . Indirect Fire Control. The control pro­
cedure employed when tho target is un­
o\J<>ervcd by the firocontrol instrum·?nts 
of the firing vessel. 

c . Offset Fire Control. The control pro­
cedure employed when a point or aim 
of known relationship to the target is 
obscl'\'ed from the firing vessel. 

Fire Control Com;iuter: Electronic or e lectro­
m•~hanical device which receives mathe­
matical data and puts out fire control problem 
solution data . Alternately some types may lie 
called " range keeper ." 

Fire Cor Effect: 
1. Fire which is delivered after the mean 

p:>lnt of im!)act or burst is with.in the de­
~ Ired distance or tho target or adjusting/ 
ranging point. 

2. Term in a fire m~sage to indicate the 
adjustment/ranging is satisfactory andfire 
!or effect is desired. 

Fire Mission: 
1. Speclfic assignment given to a fire tmit 

as pl\rt of a definite plan . 
2. 01·de1• used to alert the weapon battery I 

area a.nd indicate that the m•'Ssnge following 
is a call for fire. 

Fire Support Area: An appropriate m1Ulcuver 
area assigned to fire support ships from 
which to deliver gunfire s upport of an am­
phibious operation. 

Fire Su)lport Group: A group of ships in an 
attack force, assigned a n1val gwliire support 
inlsslon. 

!:'Iring Cutout ]l!echanism: /\ device lo protect 
own shlp structure from being fired on by 
own ship weapons. 

Firing Lock: A mEchanical unit, part of the gun. 
w:11ch houses the firing pin 01• striker whidl 
contacts or strikes the primer. 

Firing Pin: .\letal pin that can fire prin1cr either 
by electrical contact 01· by percussion. 

Fishtailing: The weaving ncllon of a torpedo as 
Its steer ing engine throws the rudder over to 
right nnd LeCt a lternate ly to keep It on course. 

Fixed Amm•mitlon: Am1n1.u1ltlon in which the 
cartridge case is perm'lncntly attached lo 
the projectile. 

Fixed Tubes: Torpedo tubes that cannot be 
trained with respect to the ship's structure. 

Flammable Agent: See Inflammable Agent. 
1>1arebaok: Ignition of residual gases in a gll:l 

bore Just after firing. 
Flask f'rcssure Air: Air supplied direct from 

the torpedo air flask without reduction ol 
pressure . 

Flight Gear: In mines, any of several braking 
dcvlceq to r educe water Impact of mines 
dropped from aircraft. 

Floating :\line: Any mine which has broken looo: 
from Its mooring and floated to the surface. 
'This Is to be distinguished from a drifting 
mine which never was m1>orcd. 

Fluid: A material that continuously adapts its 
shape to fit Its conlal11or . U nlcss othe1·wise 
lndloated, in this test the te1·m "fluid" is 
equivalent to "liquid," but not to "gas.'' 

l"M: 
l. Chemical agent. (See Lacrlmntor .) 
2 . A type oi radio transmission in whicli 

ca1•rier frequency ls m-:xlulatcd. 
Focal Distance (or Focal l.ength): Distance from 

center of lens to focnl point. 
Focal Point (Of Convergent Lens): Point at w:.ict 

parallel rays entering lens will m•!ct after 
they emP-rgc. 

Follow- Up: See Sc1·vo. 
Force: A pull or push on a material object th!l 

onuses or tends to cause tile oJJjeot to mo>~ 
or (If moving) to change Its dlrection or rate 
of motion. 

Forcing Cone: See Origin of Rifling. 
Foul Uorc: Gun bore occupied by residual g1ISEf 

after firing. In small-arms weapons, a bott 
contaminated by excessive solid residue. 

Frequency; :-lumtier of vibrations per unit tin:; 
(generally, seconds). 

FS: Sec Lacrimator. 
Fulcru1n: Pivot point of lever. 
Ftuidamental: Lowest principal frequency of 1 

sound with rccognizablo pitch. 
Fuze: A m<."chnnical, electrical, electronic, mag­

netic , or combination device used to initl!;. 
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the first element in an explosive train in a 
projectile at the tin1•3 and under the cit•cum -
s tances desired. It is designed to prevent 
initiation at other t im8s. 

Fuze Setter: A device for adjusting tin1c fuzcs 
just llefore firing. 

FX l': See N\VP. 
Gain: In an an1plifier, ratio of output s ignal 

strength to input signal strength. 
Gas Ejector: Pneumatic device that blasts air 

th£ot1gh gtm bo1·e after firing. 
Gate: In radar , the moJvable notch, 01• step, 

used to m(>aSure the range to a target as 
presented on the radar rang-e scope. \Vhen 
the target is gated, the radar range dial 
indicates the meastu'ed target range. 

Gauss: Unit of m11gnetic field strength. 
General Annow1cing System (li'IIC Circuit): Pub­

lic-address system wider control of O'.:>U. 
General Requirements: Rcquire1nents applicable 

to all Navy ordnance or other equipn1.,nt. 
General requirem<3nts include reliability, 
safety, slm1)!icity, m11intainability. 

Generated Target Bearing (1\elative or Tr ue): 
The relative or tr ue bearing of the tar i,,.-et as 
detennined in a computing instrum<ent from 
previous positions of own ship and target 
and established rate of change of bear ing. 

Gim~.)~il: A metal ring or sin1ilar suppo1·t irec 
to rotate on a pivot. 

GP: General-purpose (bomb) . 
Grass: Visible "noise" in radai'SC<>pe 1)!'esen­

tation. 
Grid Lines (or Zones): See Military Grid Refer­

ence System. 
Grid Spot Converter: Graphic cotnputer which 

converts spots from observer ashore into 
term:~ usable by s hip's batter•y. 

Group Control: The control of a specified group 
of a battery. It is concerned with the type 
and method of fire control, the procedures to 
lie en1ployed, and the acquisition and destruc­
t ion of designated targets, as well as the 
detection of undesignated targets appear ing in 
the sector of fire. Group Control is exercised 
by the Group Control Officer. assisted by 
Director Officers, Moimt Captains 01· Turret 
Officers, and CIC Liaison Officers . 

Guided Missile: A nllssilc whose course n1ay be 
altered during flight (as by a target-seeking 
radar device) . 

Gun: £ssentially, a tt11Je closed at one end, fro1n 
which a projectile is ejected by gases from 
a burning propellant. The term properly 
applies to the tube or bar rel only, but is often 
applied to the entire mow1t asscm:)Jy. 

Gun Chase: Outer section of a gwi barrel between 
the slide cyli nder ancl the muzz le bell. 

Gw1 Defense Zone: '.lone about the ship to a slant 
range of 10,000 yards and, for the 60" cone 
overhead, to an altitude of 15,000 feet. 

Gun J.:: levation: The vertical angle between the 
horizontal plane and the axis of the bore. 

Gw1 Elevation Order: The signal transn1itted to 
the gun indicating the gun elevation above the 
deck plane, tncasurcd in a plane tlrrough the 
bore axis perpendicular to the deck plane . 

Gtm Firing: The process of shooting a gun or 
gtUlS. 
A. Gun Fir ing is classified as to Mi·:ANS by 

the firing syste1n employed. 
J.. Electric F;ring provides for the shoot­

ing of a gun by an electrical system 
contl'olled by either: 
a. Local Key provides for firing by 

means of a key actuated at the g<1n 
n1mmt or turret. 

b. Master Key provides for firing by 
means of a key actuated at a station 
remote from the mounts or turrets, 
such as a director or control station, 
(1) Auton1atic Key is a fo1·n1 o:f 

mnster key firing in which an 
automatic contact nvtke1· is em­
ployed to fire at a selected fir ­
ing point. 

2. Percuss;on !•'iring provides for the 
shooting of guns by a mechanical fil'ing 
n1~>chanis111 at the gun mount or tu1•ret. 

B. Gun Fir ing is classified as to t~1:>e by the 
rate at which guns ax·e shot. 
1. Rapid Fire is that type of f ire in which 

no check fire ;s used for purposes of 
applying corrections. 

2. Slow Fire is that type of fire in whic h 
the fire is deliberately delayed to allow 
for the application of co1·rections or to 
conse1·ve <l.ln.:nunition. 

3 . Ueliberate !•' ire is that type of s low 
fire which is executed on a prea1·ranged 
time schedule. 

C. Gun Firing is classified as to method by 
the 1n<u1ner in \Vhich individual gi.ms ai·c. 
shot with respect to the other guns of the 
battery. 
I. Salvo Fire is the s imultaneous fir ing of 

all gi.ms ready and ain1·~d at the same 
target. 

2. Full Salvo Fire is the sin1ultancous 
firing of all guns of tL group. 
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3. Split Salvo Fire is the ilrlng of less 
than the full number of guns in a multi­
ple gun mount or mounts at a given 
Instant. 

4. 'P,u·tial Salvo fire is the firing of less 
than the full number of mounts or turrets 
(in nT1ltiple g<u11n Junt lJatteries) at a 
given instant. 

5. Continuous Fire is the fir ing of each 
gun without regar d for the readiness of 
other gLms of the baltcry. 

Gun Housing: See Housing. 

Gun Laying: The process of positioning guns in 
train and elevation in a predetermined rela­
tionship with respect to the line of sight . The 
line of sight may be established at an aloft 
dir ector or generated in the plotting r oom, 
or it may be eAtabl ished at the gun. 
A. Gun Laying is classified as to type by 

tho m:1nncr in which gwis arc p::>sitioned: 
l . Continuous Gw1 Laying. Guns arc posi­

tioned continuously in accordance witn 
the computed signals and loaded at any 
position. 

2. Intermittent Gun Laying. Guns are posi­
tioned when loaded, bul must be r e­
tw·ned to a specified position after 
fixing fo1· loading. 

B. Oun Laying is classified as to method by 
the m•lans by which gtms are positioned . 
l. Automatic Gun Laying . Guns are p::>Si­

tloned autom9.tically by remote contr ol 
syStems in accordance with signals 
received. 

2. Indicator Gun La:,-ing. Guns are posi­
tion<.'<! locally in accordance with sig­
nals received. Positioning may be ef­
fected lly either local power or manual 
drive. 

3. Local Gun Laying. Gunti al·e positioned 
locally, by g<m-sight telescope . Posi­
tioning nrn.y be effected by either local 
power or m2.11ual drive . 

Gunnery: Operation and control of all elements 
of axmament. 

GWl Range: Range listed in the range table cor­
responding to gllll elevation. 

Gunsight Alignment: Includes those operations 
in battery alignment that Involve the me­
chanical ulignn1e11t of the parts m.1king up 
each ele ment - viz, alignmimt within each 
mo\mt, turr et, or g<m of the batte1·y. 

Gun- Target (GT) Line: An imaginary straight 
Ii ne l'rom a weapon t.o a to.rgct. (Sam~ as 
\Veapon-Target Line .) 

Gun Train Order: Signal transmitted t.o the guns 
indicating the angle in the reference plare 
from own ship's bow clocl..-wtse t.o the perpen­
dicular plane through the axis of the bore. 

Guppy: A modified fleet- type subm.11·inc , Ac­
ronym from Greater Undcrwate1· Propulsion 
Power (project). 

Gyroscope (Gyro): A device which uses the 
rolat!onal inertia of a spinning wheel to 
estalllish a reference di1·ection or plane in 
space, or to provide disp!acemiint in another 
direction proportional to any force that tends 
to twist the wheel's axis. 

Hand Control: On certain electric-hydraulic gun 
mounl power drives, a mechanical-hydraulic 
servo control by m )unt personnel. 

Handling Ro01n: Con1partment al)oard ship used 
fo1· transpor ting and to so1ne extent for 
stowage of o.1nn1unltlo11. 

Hang r'lre: Acc idental delayed ign ition of pr imer, 
Igniter, or propelling cha.i·ge. 

Harmonic: Any frequency higher than the funda­
mental of a sound; a frequency with relatively 
slm;ile m:ithem;>.tical relationship to a fUDda­
m.1ntal Crequency. Also called "partial." 

Haxasslng Fire: Sporadic support fire designei:i 
to dlstw·b the r est of the enemy troops, to 
curial! niovcment and, by threat of losses, 
to lower morale , 

H l!X (- 1 o.nd - 3): Explosive 1nixturcs of TNT, 
HDX, aluminum powder, ancl dcscns itizer. 

UC: High-capacity gun projectile. Equivalent 
to HE In Army nomenclatm·e . 

Head (Liquid Pressure): Hydrostatic pressure. 
Head (of Torpedo): Sec \\;arhcad and Exerci:e 

Head. 
Headlight: A light in a torpedo exercise head 

which is illuminated at the end of the run tc 
assist the torpedo recovery crew to locate 
the torpedo. 

Hedgehog: 7. 2 " antis ubn1ar inc warfare, ahead· 
th1·own, short- rru1ge weapon. 

r!enry (h): Unil of inductance or mutual Inductance. 
Hertz (llz): Term for cycles per second, used i: 

describing frequency. 
Hcxogcn: Sec ROX . 
H/H: See Hedgehog. 
High Explosive: Any detonaling com1lOUIIC!ormix· 

ture, such as Explosive ll, TNT, HDX, HBX, 
etc . 

Hitting Gun Range: G1m range corrected fo1· tb1 
e1·ror of M'Pl. 

Hitting $pace: The dis tance m11asured parallel 
to the line of fire between a ::;hot s tr iking 
the top of the target ancl one striking tbi 
waterline on the engaged side of the target 

494 



Appendix I - GLOSSARIES 

Hoisting Lug: A lug used for hoisting a bon1b 
into aircraft. Not used for suspending the 
bomb in the aircraft. · 

llolding-Down Clips: Parts that secure base ring 
against being tipped out of training circle. 

Horning: The final stage of a homing torpedo's 
rLm, in which it steers itself toward a t<1rgct 
it has detected. Applied also to any t,irget­
seeking device . 

Homing Torpedoes: Torpedoes with target­
scns ing capabilities. 

Horizon Check: Comparison of elevat ion dial 
readings when .batter y elctnent is laid s uc­
cessively on a series of points on the horizon. 

Horizontal Plane: A plane tangent to the ear th's 
stu'face or parallel to such a plane . 

Horizontal Ran,.,<>-e: Horizontal component of slant 
r ange. 

Horizontal-Type To1'pedo Engine: Torpedoengine 
i n which the turbine axis is horizontal rather 
than vertical (the more conventional ar rang-e­
ment in gas- stream tori1edoes) . 

Housing (Gun): Chief support of recoiling gun 
parts; houses breech mechanism. 

H-Type Torpedo Rngine: See Horizontal-Type 
Torpedo Engine. 

' 
Hunter/Killer Force: A naval fo1·ce consist ing 

of an ahtisu.bn1.J.ri11e \varfare clU"rier, asso­
ciated aircraft and escorts combining spe­
clallzed searching, tracking, and attacking 
capabilities of a ir and surface antisubinarine 
warfare units operated as a coordinated group 
for the conduct of offensive antisubmar ine 
operations in an area of submarine proba­
bility. 

Hunter/Killer Operations: Offensive antisub-
1niu· ine operations in a submarine probability 
area, coinbining the best searching, tracking, 
and attacking capabilities of air, surface and 
subsurface units and forces in coordinated 
action to locate and destroy subma1•ines at 
sea. 

Hunting: In servosystems, a tendency for the 
output to oscillate because of weak signal, 
insufficient feedback, excessive gain, or rn~l­
function. 

HVAR: 5-inch high-velocity aircraft rocket. 

Hydr aulics: Study of behavior of liquids in en­
closed systems. ln this text, this is expanded 
to include the study of liquids at rest in open 
syste111s (hydrostatics) . 

Hydraulic Speed Gear: Con1iJined A-end and B­
end, with accessories, piping, etc. 

Hydrogen Eliminator: A device on electrically 
driven torpedoes which is designed to dis­
pose harmlessly of hydrogen evolved by lead­
acid storage batteries. Also called a "hydro­
gen burner," 

H ydrophonc: Underwater listening device; passive 
sona.i·. 

liydrostatic 1'1·esslll'e: Pressure developed by 
weight of liquid above the point of measure­
ment, as distinct from applied pressure trans­
mitted tlu-ough the liquid. 

Hydrostatics: Behavior of liquids in open sys­
tems. Cf. Hydraulics. 

Hz: Abbreviation for hertz. 
!FF: Identification friend or foe - a m,~ans of 

challenging and identifying ai rcraft and s hips 
by radar. 

Igniter: Unit in a propellent train that sets off 
the propellant. 

Illuminating Projectile : A projectile containing 
a cheinical flare and pai'aChute. Abbreviation: 
Ilium. 

IMP: Integrated Maintenance Plan is a part of 
p;V[;> which in turn is a part of the Standard 
Navy Maintenance Management System. 

Impact Action Fuze: A fuze that is set in action 
lJy the striking of a projectile or born}) 
against an object, e .g., percussion fuzc, con­
tact fuze. 

Impulse Charge: A charge using black 1iowder 
as a propellant; fonner ly used to eject depth 
charges and torpedoes from their launching 
devices . 

Incident Ray: Hay (usually of light) striking a 
sLu·face or boundary. 

Independent Mine: Mine actuated automatically 
after planting and arming. 

Index (of Propelli111t): A blend of se1,eral lots of 
propellant powder , 

Indicator-Receiver-Regulator: (Usually abbr. to 
" indicator-regulator"). Controlling .equip­
rn<lnt for weapon mount power drives. Some 
types are called "receivcr-regulato1-s ." 

Indirect FiI·e : Support from fire delivered on a 
target ashore which is not itself visible from 
the ship, or available for use as a point of 
aim. 

Inertia: Hesistimce of a n1ass to acceleration. 
lnf!arnmal>le Agent: An incendlarychc111ical agent, 

s uch as \VP (v(hite phosphorus). 
h>llucncc Exploder: Any type of exploder that 

functions when the torpedo is close to the 
target , 

hu1uence E1q>losion: See Sympathetic Explosion. 
Influence Mine: Mine that detonates when target 

approaches or passes near . Such mines may 
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have m:tgnetic, acoustic, or pressure-sensi­
tive mechanisms. 

Inherent Corrections: fir e control problem cor ­
rections for motion of gun platform, parallax, 
and divergence of gun mJunt roller paths 
froin clock plane . 

Inhibitor: Plastic strip used to s low the burning 
rate of solid rocket propellant. 

Initial Ballistic Correction: That part of the 
ballistic corrections not automatically com­
pensated for by the fire control system. 

initial forcing Pressw·e: Propellent gas pres­
sure required to Initiate movem!!nt of pro­
jectile In gun base. 

Initial Velocity (I. V .): Speed of projectile in feet 
per second at muzz le of gun. 

lnstrumc11t Servomotors: Sm:ill fractional horse­
power a-c servomotors. 

Intensity Modulation: A principle of radar indi­
cator functioning in which the electron beam 
is h1tenslfied to show a blip. 

Intensity (of Sound Vibration): Equivalent to am­
plitude of ''ibration. (See Amplitude.) 

Intensive Incendiary Bomb: Incendiary bomb using 
thermite. 

Intercept Search: A type of passive EC}1. 
Intercom System: Two-way type of battle an­

nouncing system. 
Interdiction Fire: Fire designed to deny the 

enemy nsbore the use of a given route of 
communication, airfield, bridge, etc . 

l ntcrdirector Designation: The transmission of 
repeat-back information of a director to 
another director for the purpose of tracking 
the same target. 

Interior Ballistics: Projectile motion and behavior 
wbl le In the bore of a gun. 

Internal Alignment: Adjustment of geomet rical 
relationshlps within an element of a flre con­
trol 01· weapon system, 

Jamming: Rad iating interference or deceptive 
signals. 

Jettison: To eject explosive weapons for safety 
reasons. 

Joystick: In target designation equipment, a 
component used to control tho output sigr.al 
or dual potentiometers. These signals posi­
tion designator symbols on a display and are 
used for transmi tting target position coor­
dinates to tho converter. 

Kinetic Energy: See Energy. 

Lacrlmator. A chemical ag-ent that causes weep­
ing and irritation of the throat and lungs. 
Example: CH (Chloracetophenone). 
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Ladders: A succession of salvos fired withkn<ml: 
and predetermined changes between succes­
sive salvos, to ensure early establishment of 
hitting gun range and denectlon in surface 
fire , to serve as a yardstick for cover ing at 
ar ea target, or to increase pattern size. 
A. Ladders are classified as to type by the 

e lement in which laddering takes place. 
1. Deflection Ladders ;i.ro ladders fired 

with predeterinined changes in deflec· 
tlon on successive salvos. They are 
seldom used in our Navy, except for 
covering area targets or in radar spol­
tlng when the discrimination of fut 
control radar makes a deflection rock­
ing ladder advis able. 

2 . Range Ladders are ladders fired \\'itb 
predetermined changes ln range or suc­
cessive salvos. 

3. F.levation Ladders are ladders fired 
with predetermlned changes in eleva­
tion between successive sah'oS. They 
are seldom used ln our !\ avy. 

I.I. Ladders are classified as to method by 
the manner In which the predct.ermineC 
arbitrary corrections are introduced. 
1 . Initial Ladders arc ladders in which, 

in addition to known Increments or 
s teps , the number of salvos is def­
initely known. This number is greater 
than two, and the steps arc sufficiently 
la.t't,'0, so that the target will be locatel 
within the limits of the ladder. 

2. Add Ladders are fired with the initial 
gun range less than the best range 
and with successive steps of the ladder 
fired with Increasing ranges , each ir­
creasing range spot not less than tl'Ji 
pattern size . 'li 

3. Drop Ladders are fired with the initial 
gun range greater than the best ra.Jl%1i 
and with successive steps of the ladder 
fired with decreasing ranges, each de­
c reasing range spot not less than tl'.e 
pattern size. 

4. Continuous Ladders are fired with a 
continuous application of spots, applied 
In such a m3Dller as to move the salvo; 
back and forth across the target. 
a . Spotter-Controlled Ladder is a form 

of continuous ladder In which fr.i 
spotter or observer determines all 
or part of initial direc tion, when k 
change direction, s ize of first ladder 
steps, and when the ladder is re­
versed. For simplicity, the size cf. 
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steps or the first ladder and suc­
ccssh·e ladders Is usually pre­
arranged. The Initial correcllon or 
lhe first ladder m1y be dlrecte<I by 
doctrine or other orders. 

b. Hocking Ladder Is a form or con­
tinuous ladder in which the number 
of steps of the ladder before re­
versal of dlrecllon and the size of 
the steps are both specified before­
hand. The object Is to Increase the 
pattern size and still malntaJn suf­
ficient projectile density to ensure 
hits. The steps or !he ladder are 
never Larger than the pattern slw, 
and the number of steps hi such as 
will ensure covering probable rang­
ing and aiming errors and target 
maneuvers during time of flight. If 
used with continuous fu•e the steps 
are applied at regular predetermined 
tlmJ intervals: If with salvo fire, 
after each salvo. 

Lam~'s Law: States relationship be:wcen tan­
gential tension and radial pressure with vari ­
ation of r11dlus in cyllnder under fluid pressure. 

Land (In ntr1tng): High part between grooves. 
Laws of Rofleotlon: 

l. Angle or incidence equals angle of re­
flection. 

2. Normal, Incident ray, and reflected ray 
all lie In the same plane. 

Layer Depth: The depth from the surface to 
the top of a sharp negative gradient. Under 
positive gradient conditions, the layer depth 
ls the depth of maximum temperature. 

Lethal Gas: A type of poisonous chemical agent 
injurious when breathed or on contact. Ex­
ample: Phosgeno. 

Level Angle: lnclinallon of tho battery reference 
plane with the horizontal, measured In a 
plane that contains the Uno of s ight. The latter 
plane n1ay be either the vertical or a plane 
perpendlculnr to the reference plane, depend­
ing on the design of the control equipment. 

Lewlslte: Sec Veslcant. 
Light Ray: An Imaginary line used to show the 

direction In which a light wave ts moving. 
Limpet Mine: A m:.ne attached by a diver to the 

hull of the enemy ship. 
Line of Fire (LOP): The straight line Joining 

the gun and the point of Impact (or burst) 
of the project ile . As used In safety precau­
tions fo1· target practices, the line of fire 
ls assumed to Include all points near the 
boar Ing of the line of fire. 

Line of Sight (LOS): Straight line joining the 
sight and the point oi &im. 

Line of Sight Coverage: The distance to which 
radar Is limited because the radiated waves 
do not follow the curvature of the earth. 

Liner: A cylindrical Insert In the gun tube, in 
which (In seine guns) the rifling gt•ooves are 
engraved. 

Loading Dend Time: The time between the instant 
a projectllc is removed fron1 lhe fuioe pot 
and the lnstAnt or flring thtlt projectile. For 
practical purposes, when firing mechanical­
tlme-fuzc<I projectiles, the average loading 
dead Umc o! the battery ts lbe dead time for 
which correction must be mnde. 

Loading Factor (of a Oomb): Ratio of explosive 
weight to tow bomb weight. 

Lobe: In radar, a plot of all points In the radar 
beam which present an oqu11l signal from an 
identical target, assuming antenna bearing 
remains fixed . 

Local Control: Control of a gun m•)unt through 
signals originating at the mount. 

Lock Combination Primer: A separate-loading 
primer that £its into a firlng lock. 

Lock On: Signifies that a tracking or target 
seeking system Is continuously and auto­
matically tracking a target In ono or more 
coordinates (Le. range, bearing, elevation) . 

Logic: As applied to clccl.ron lcs, tho 1>11slc prin­
ciples and appllcallons of truth \ables, inter­
connections of on-off circuit elements, and 
other factors involved in mnthematlcal com­
putations In a computer. 

Logic Circuit: A computer olrcult th:i.l 1ll'ovides 
the action of a logic function or logic opera­
tion. It gives a "yes" or "no" answer to a 
quesllon. 

Longitudinal \Vaves: Vibrations paraJlel todirec­
tlon of wave frontmovement,causlngalternate 
ra1•efactlons and compressions (compression 
waves) . 

L-ook: In msgnetic firing devices used In under ­
water ordna~.ce, an actuating pulse caused 
by the change in earth's m3gnct1c field re­
sulting from m')vemcnt of the firing device 
or a ferrous target with respect to each 
other. 

LOS: Line of sight. (See also Sight.) 

Low- Drag Born~: An aircraft bomb sl.ream­
llned for minimum drag at supe1•sonic speed. 

Lowct· Carl'lnge: See llase Ring. 

Low-Speed (Synchro): Synchro rotntlng in 1:1 
ratio with input. Also called "coarse" unit. 
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Machine, llasic: Any device that helps to do 
work. The re are only s ix basic m.tchines: 
the level, the block and tackle, the wheel 
and axle , the inclined plane , the screw, 
and the gear. Coinplex machines are merely 
con1binations of two or more basic rnachines. 

MAD (Magnet ic Anom:1ly Detection) Equiprnent: 
Underwater target detection equipment of 
n1agnet\c type carried by fixed-wing aircraft. 

Magazine: Coinparhnents aboard s hip designated 
for am::rnmit ion stowage. 

Magnetic Domain: Group of m:>lecules that acts 
as a magnetic unit in a magnetic substance. 

Magnetic flux: Magnetic lines of force: m:ig­
netic field strength. 

Magnetostriction: Change ln shape in a rnetallic 
object caused by a magnet ic field. 

Maintenance and :Vlaterial Management (3-.M\ 
Systern: An integrated n1anagement systen1 
which provlcles for orderly scheduling and 
accomplishme nt of maintena11ce and f()r re­
porting and disseminating significant mitin­
tenance related inforn1~tion . It is composed 
of the Planned Maintenance Subsystem (PMS) 
and the "-'lalntenance Data Collection Sub­
system (MOCS). 

i\lajor Caliber (Gun): Gun of 8- inch or larger 
caliber . 

Manual Control: Local control and positioning 
of a gun rnount without use of power equip­
me nt. 

:Vlass: Quantity of m;1tter in a body. 
Massing of Fire: Fire from a number· of weapons, 

or from two or n1ore ships, dir ected against 
a single target. 

:VICC: l'ilaintenance of close contact (a type of 
sonar transducer coil). 

MDCS: Abbreviation for Mainten<rnce Data Col­
lection SubsystenJ. 

Me;u1 Battle Range: Range at which a g,un is 
most effective. This rani:.>e is the one at which 
the gtm sights may be lJoresighted . 

11ean Point of ln1;>act: The geon1etrical center 
of points of iinpact of all projectiles which 
are fired or released at the sam·~ aiming 
point at approximately the sarn•; time. 

Merry-Go-Rotmd: 
1. Drum magazine in Mk 108 rocket launcher . 
2. Rotating cage used in an1111Ullition transfer 

i n some 5-inch gun ln•)tutts. 

:Vlicron: 1/1000 mn1. 

Mil: Unit of angular n1easure in naval gunnery, 
used to s pecify sight deflection. One n1il is 
the angle whose tangent is 0.001 (arc t<UJ 
1/1000), or ahout 0 .06° (3.44 '). \Vith 6400 

mils = 360•, the mil is used by ground ar­
tillery spotters to specify targ'et bearing. 

Military Grid Reference System: ~Iethodofdesig­
nating ar eas of earth's s urface by a standard 
pattern of perpendicular grid lines . 

Military Hequirements: Staternent of nature and 
capabilit ies of weapon or allied equipment 
and systems. Capabilities are r·e L<tted to the 
pur pose or task assigned to theequipmentetc. 
in eqLLestion. 

Mine: Underwater explosive weapon actmted 
when approached or touched by a target. 

Mine Cotu1termeasur·es: All methods for pre­
venting or reducing dam~ge or danger to 
ships , personnel, aix·criti't , and vehicles from 
m~nes. 

Mine Hunt ing: The branch of mine counter­
n1casures based on determining the positions 
of individual rn:.nes andconcentratingcounter­
rneasures on those posit ions, as opposed to 
techniques directed at a n13re extensive area 
suspected of containing mines. 

Minor Caliber (Gun): (ltm of caliber over 0.60 
inch but uncler 4 inches. 

Misfire: Failure of prln1cr to ignite when firing 
action is init iated. 

Mk (?vlark): :\'lark (followed by a nun1ber) iden­
tifies an equipment des ign type. To identify 
a par ticular model, it is necessary to specify 
modification (mod) number in addition. 

Mobile Mine: A subrnarine-planted, hybrid weapon 
comhining featcu·es of an electric torpedo 
and a mine. 

Mod: Short notation for modification. 
l\•lomentun1: Tendency of a lll:lSS in ffi•)tion to 

continue tn l)\1 it1g. 
?vloored Mine: A m;.ne having a buoyant case that 

is held at a predetern1ined depth after plant· 
ing by a cable or chain attached to an anchor. 

Mount (Gtm): The structur·e which supports the 
gun ancl enables it to be elevated, trained, 
and fir ed. 

MTF: iVlechanical time fuze. 

Mult i-Basecl Powder: Gun propellant composeJ 
chiefly of nitrocellulose, nitl·oguanid ine, and 
11it1'<>gl)•Ce1'ine. 

Multivibrator: A relaxation oscillator that uses 
electron tubes or transistors and other elec· 
tron devices to provide a square wave output. 

l\1ustard (Gas): See V csicant. 

Napaln1: A powder en1ployed to thicken gasoline 
for use in n ame tJu·owers ancl incendiary 
bombs. 
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Naval Gunfire Liaison Team: Personnel and 
equipment required to coordinate itnd advise 
ground/landing forces on gunfire employ­
ment. 

Naval Gunfire SpQttlng Team: The unit of a 
shore fire control party which designates 
targets, controls commencement, cessation, 
r ate and types of fir e , and spots fire on the 
target . 

Navigational Hange: The best distance to the 
tar get, used in pos t- fir ing analys is. 

Navo!: H 202 (hydrogen peroxide) in high con­
centr at ion, used to supply oxygen for fuel 
combus tion chomlcal tor pedoes. 

C\avShips Technical Manual: Naval Shi ps Systerns 
Command Manual. Technical compilat ion on 
s hipboard ec1ulpmcnt, some of it related to 
ordnance. 

C\avy Light.: A hand-held pyroteclu1ic device. 
Negative Ouoyancy: Tendency to sink. 
Xegative Tem;>erature Gradient: Density pattern 

in sea water tending to bend s onar sound 
path downward . 

l\eutraliza.tion Support f"ire: Support Fire in­
tended primarily to hamper or pre\'ent enemy 
move ment 01• action. 

Newton's Laws of Motion: 
I . A body at rest tends to remain at r est 

and a body in motion tends to continue 
moving In a sti·aight line unless the body 
ls acted on by s ome w1balanced for"ce. 

2. Acceleration of a lx>dy in r esponse to a 
force is directly propo1·tional to the for ce , 
itworsely propor tional to the body's mass , 
and In the dlreclion of the force. 

3. To each action there is an equal and 
opposite reaction. 

Xitrocellulose: See PyrocoUon. 
liitrocotton (l\ltrated Cotton): See Pyrocotton. 
Koise: 

1. Unorganized sounds. 
2. Signals other than and interfering with 

the signal desired . 
liomi nal [nltlal Velocity: The init ial veloc ity 

ass igned a new gun with the prope11ant at 
a te mperature of 90° f . 

~onautmnatio (Gun) : Gun in which none of the 
ener gy of tho propellant is used to perform 
breech operations or ammunition loading or 
ejection. 

~onfrag: Nonfragmcntlng projectiles used in AA 
gun practice. They produce a colored smoke 
but no fragments when they detonate . 

Nonhoming Torpedo: A torpedo without ta.rgct­
seeking capabilities. 

Normal: Perpendicular to a surface or boundary. 
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Nose Cap: Ar111or- penetr ating part of AP pro­
jectile. 

:-;uclear Weapon: A device in which the explo­
sion results from the energy released by 
reactions invotv-mg atomic nuclei, either fis­
sion or fusion, or both. 

Null: ln servo tcrm\nology, equivalent to servo 
signa l level. "Zero" implies complete ab­
sence of a s ignal; " null" implies no per­
ceptible signal, although noise and oLher 
randon1 nonsignal voltages may be present . 

Nutate: To osc illate through a s m·wl angle in a 
spec ific pattern. 

N\Vll': See N\VP. 
:--1\VP: Naval \Varfare Publication. (,\ lso called 

COM~I TAC (CO:\·JMunications - TACtlcal) 
publications .) Any of a series of Navy publi­
cations on doct l'inal and r clat<,'tl m:1.tters . Re­
lated publications include Allied Tactical 
Publications (ATP's) , Allied Communtoations 
Publications (ACPJ, Fleet I::xei·oise Publica­
tions (FXI"s), Allied Exercise Publications 
(AXP's), and l\aval \Varfarc Information Pub­
lications (N\\'ll"s) . 

Objective: An area or location which a troop 
un it is assigned to occupy or capture. 

Objective (Lens): Telescope lens which forrns 
invel' ted real image. 

Obser ver - Target (OT) Linc: Line joining the 
naval gunfir e shore spotter and the target . 

Ocular Lens (Telescope): Lens which makes 
an enlar ged visual in1age of r eal lmn.ge 
for med by objective lens . 

OD: Ordnance Data- Bu\Veps puhlicat!ons con­
taining reports of inspection and t.est data, 
primarily for use by inspectors and re­
search personr.el. ODs also contain ordnance 
equipment lists which provide planning in­
formation for the Bureau of :-;aval \Vea.pons 
and the Oureau of Ships. 

Offensh·e Minefield: i\!incficld laid in enerny 
waters to prevent m•)••em~nt of $hips or to 
Clcst1·oy them. 

Otte1· : A type of underwater kite used in rnine ­
swccping. 

Offset Centerline: In dr ydock batter y alignment, 
a line established ashore para llel to Lhe 
drydocked ship's centerli ne . 

Ogive: Forward curved or conical pari of a 
projectile . 

Ohm's Law: Cw·rent in a circuit is directly pro­
portional to total voltage and inversely pro­
portional to total resistance of the circuit. 
I = F./R. 
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Oil Gel: Sticky combustible liquid that con­
stitutes the active ingredient In scatter ir-­
cendia.ry bombs. 

01': Ordnance Pamphlet-The basic Bu\Veps 
pu\.ll!catlon relating to specific ordnance equip­
me1it or data for field and fleet use. 

Opportunlty Fire: !"ire clelivc1·ed impromptu on 
newly discovered or tr ansitory targets. 

Optical Axis: Axis of a lens, on which light 
rays arc not bent when onterlng or leaving 
the lens. 

Ordalt: ORDnance AL Teration. A prescribed 
change In ordnance equipment. 

Order Signal: In a servo, a control signal from 
outstde tho scn•o. 

Ordnance: \Veapons and physical equipment per­
taining to them. Aboard ship it includes 
everything referred to as "ship's arn1a­
mo11t. '' 

Ordnance Allowance Lists: Lists of required 
ordnance material for naval organizations 
afloat and ashore . 

ORI: Opcratlonal Headiness Inspection. 
Origin or ltifling (in a Gun): \Vhere the rifFng 

lands start, just forward or the chamber. 
A pproximatcly the same location as the 
"forcing cone," 

OT: Observer- Target line fro111 ground observer 
to target ashore (used in tar got-gr id syste1nj. 

Ol'C: Oflioer in Tactical Command. 
Oxidation: Coml>ination of oxygen ato1ns with 

other ato1ns or atomic groups (molecules) . 
Parallax: The angular difference which results 

from making observations or computations to 
one larget from t\vo difie1-enl stations. Train, 
or horizontal, parallax is the angu.Jar differ­
ence m·~asured In the horizontal plane. Eleva­
tio1i, or vertical, paralla.'< Is tl\e angular dif­
ference m9aSurcd in the verllcal plane. 

Parallax J.::rror (In <L Telescope): Apparent tar­
get displacement when the eye is shifted 
afJout the optical axis of the eyepiece. 

Partial: :;tic Harmonic . 

Pattern (of a Salvo in Hange): The distance 
measured parallel to the line of fire, be­
t\.-con lhe shot of the salvo, falling or burst­
ing a.t the greatest distance from the firing 
point and the shot falling or bursting at lhe 
shortest distance , excluding wild shots . In 
deflection it is the dlatanoe measw·ed at 
right angles to the line of fire between the 
:;hot falling or bursting at the greatest dis ­
tance to the r ight ancl the shot falling or 
bw·sting at the greatest <llstance to the left, 
excluding wild shots . 

Pattern Hunning (Torpedo): An alternative type 
of run possible with soms nonhoming tor­
pedoes. Cons ists of a straight enabling run 
followed by a !)e1'iod of running continuously 
in circles of fixed radius. 

PDF: Point Detonating Fuze. 
Pellic le: A half-reflecting half-lrans1Ja1·ent op­

tica l unit . 
Perc ussion (!~ ire): Firing a primer by me­

chanical impact. 
Permeability: Ability to conduct a m1gnetic 

field. 
Phase: Angular relationship between two alter­

nating currenls or voltages, e.g. between a 
signal voltage and a refei·encc voltage, when 
the voltage or current is plotted as a func­
llon of time. \\/hen the two are in Jlhase, the 
angle is zero, and both i·eaoh theit• peak 
simultaneously. \\/hen oul of phase, one wi ll 
lead or lag the other; at the instant when one 
is at Its peak, the other will not be at peak 
value, am.I (depending on tl\c phase angle) 
may differ in polarity as well as m:tgnitude. 

l'hosgene: Sec Letl>.al Gas. 
Pillenwcrfcr: Rubble- making device used bysub-

1narlnes to ere.ate a distracting t.arget. 
Ping: Trans1ni!ted or received sonar pulse. 
" .Ping" Sonar: Active sonar. 
Pinge1·: An ultrasonic trans is torized fa·ans­

mlttlng device used in locntlng lost drill 
torpedoes and mines . 

Pip: J.::lemcnt of radar or sonar video presen­
tation. (Preferred word is hllp). 

l'it<:h: Ship movement in response to wave mo­
tion measured in a vertical plane containing 
ship's centerline. In fire control, it is the 
instantaneous value of the angle between the 
reference plane and the l\01'lzo11tn.l, meaS\U'ed 
in a fore- and-aft vertical piano. Note: For 
purposes of naval gunnery ))oth roll and pitch 
ll.l'e msasLl!'ed and reco1·dcd as rates; that is, 
in terms of amplitude per unit tllne, ordinal'ily 
as total degrees of roll (or pit<:h) per minute. 

Pit<:h (Sound): Audible quality of sound which 
depends on the sound's dominating frequency. 

Plan Position Indicator (PP!): /\ CllT or screen 
which displays targ-et position, director posi­
tion, and designation syinbols. The data appear 
as a result of a rotating sweep moving at 
a rate fast enough to pnwent fading of this 
Information. It indicates aztnu1th by direction 
of the radial line, and range by the distance 
of the echo signal from the centet· of the 
screen. 
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Planned Maintenance Subsystem (Pl.'vlS): A part 
of the 3-M system that pertains to the plan­
ning, scheduling and m'lnagement of resources 
(n1en, material, and time) to perforn1 uniform 
inaintenance upon equipment. 

Plaster- Loaded or Sand-Loaded A111munition: 
Like service ammunition but with inert load 
in place of burster . 

Plug: See Brcechblock. 
Plug Gage: Instrument used to check adequacy 

of clearance in gun bore . 
PMS: See Planned Maintenance Subsvsteni. 
Point fil•e: Suppo1·t gunfire directed.at a specific 

target fo1· its destruction. 
Point of Aim: That point on a target at which 

the sight Is directed. 
Point Oscar: ::Vlethod of indirect fire . 
Pointer: One who 111oves a weapon in elevat ion. 
Pointing: See Elevation. 
Polaris: An underwater-/sur face- launched, sur­

face-to-surface, s olid-propellant ballistic 
miss ile \Vith i 11ertial guiclance a 11d rlLLClear 
waL·head. 
A-1 -1200 nautical 111ile range . 
A- 2 - 1500 nautical mile range. 
A- 3- 2500 nautical mile range . 

Poseidon: A ballistic n1issile similar to the 
Polal'is A-3, with single or m'l lt iple targ-et­
destr uction capability . 

Position Angle: The vertical angle between the 
horizontal and the line of s ight to an elevated 
target . 

Positive 3uoyancy: 1'endency to float. 

Potent ial (of a Propellant): Total work that the 
gases of combustion could perform while 
e:>qianding from s olid state to the space 
they would occupy when fully expanded to 
atm>Jspheric p1·essure and cooled to a speci ­
fied temperature. 

Potential Ene1•gy: See Energy. 
Powder l"ouling: Propellent residue left in gun 

hare and c hamber after firing. 

Power: Timg rate of doing work . 

Prearrai1~ed or Schedule Suppo1·t !"ir e: Gunfi1•e 
fo1·merly planned against targets at lu1own 
locations . 

Predicting: The process of detennining future 
target position. Predicting operations are 
accomplished in computers s in1ultancously 
and automatically with tracking. 

Prchcater (Torpedo): Coil of tubing in tur bine 
exhaust, used to heat ail' being fed to re­
duc ing valve . 
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Preliminary (Shore) Bomharclment: Bom\laL'd-
111ent of object ive area by an advance force 
to destroy enemy defenses. 

Preparation Fire: Prearranged neutralization 
s upport fire delivered just prio1• ton gtotmd 
attack or landing by friendly forces. 

Pressttre: !" orce per uni t area. 
Present Range: The best available meastu·cmcnt 

of the range to the targ;ct. 
Primary Explosive: Any very sensitive explo­

Si\1e, such as tn•3l'CtLl'y fulmir1ate, D.UNl>, 
nitromannite, lead azide, lead styphnate, 
tetracene. 

Prime il'lover : A dri\cing machine, such as an 
electric 111,)tor . 

Pr in1er: First tmit in a propellant train. 
Prism: Optical light-trans111itting element with 

flat surfaces. May utilize total internal re­
flection. 

Pr ismatic Sight: Any sight using prisms in its 
optical system. 

Procedure (l\aval \Varfai·e): See Doctrine. 
Progranuning: Setting up automatic equipment 

tc perforn1 operat ions in prescribed sequence. 
Proof Run: A torpedo exercise nm n1ade before 

issue to the fleet. 
Propellent (Adject ive): Helating to or functioning 

as a propellant. 
Propellent Train: Propellent-igniting wiits de­

s igned to funct ion in sequence. Analogous 
to explosive train. 

Propelling Charge (Propellant): Any nuxture 01· 
substance that reacts or burns rapidly (usually 
incorporating n1ost of its oxygen) but does 
not detonate, and is co111n1only used to propel 
a rocket, gtm projectile, etc. 

Prototype: An early (usually the fil•st) installed 
model of equipment; m·:idel for later (ruantity 
produc tion. 

Prox.i111ity Fuzc: A fuze designed to detonate a 
projectile, bomb, mine, or cha1·ge when 
activated by an external influence in the 
close vicinity of a tar get . The variable time 
fuze is one type of a proxitnity fuze. 

PSi: Abbreviation for pomids per square inch. 
Pyrocotton: Pr inc ipal constituent of s ingle-base 

powder. A forn1 of nitrocellulose. 
Pyrotechnics: Munitions designed to produce 

light or s111oke for illumination or signaling. 
Quality: Characteristic "color" of sotmd that 

depends on harmonic content, n1ethod of pro­
ctt1ction, etc. 

Hadar: Hacl io Detect ion And !tanging equipment 
that detennines the distance and usually 
the direction of objects l)y transmiss ion iu1d 
retur n of electroinagnetic ener~y. 
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Radar Scope: CH'!' used as radar video d isplay 
device . The following types are used: 
A Scope. An indicator with a horizontal 

or vertical sweep indicating range only. 
Signals appear as vertical or horizontal 
deflect ion on the tilne sea.le. 

B Scope. Type of presentation on which 
the signal appears as a bright spot with 
azimuth angle as t he horizontal coordi­
nate and range as the vertical coordinate. 

E Scopc. A moclification of the B scope. 
Signal appears as a bright spot with 
nuig-e as the horizontal coordinate and 
elevation as the vertical coordinate. 

P f>I Scope. (See P lan Pos ition Indicator.) 
f\adia.lly Expanded (Gun): A type of prest1•essed 

g1lll !Jarrel. 
Radiofrcquency (abbreviated RF or r-f): A fre­

quency at which coherent electroinagnctic 
radiation of energy is useful for communi­
cation purposes. 

flange: Distance between two points - a station 
on ov.11 ship to a target or some other desig­
nated point. 

Rangefinder: Optical device for n1easuring range 
to a target. 

Rangekeepcr: See Fire Control Computer . 
Range Marks: In target clesignation displays, 

pips or traces superimposed on the video 
signal and supplied to a cathode ray tube at 
specific intervals to show caliJirated range 
indications. 

Hange Hate: fl.ate of change of range in yards 
per minute caused by relative motion of own 
ship and target. 

Range-Table fnitial Velocity: The initial velocity 
for which the range table is cotnputed. 

Ranging: The process of establishing target 
dist.ance fro1n the firing ship. 
A. Ranging is classified as to n1eans by the 

instrument etnployed: 
1. Radar Ranging descrilies determina­

tion of tai·get distance by r adar. 
2. Optical Hanging describes detetmina­

tion of target distance by a range­
finder. 

3. Generated Ranging describes the gen­
e1·ation of target distance by a com­
putel·. 

4 . Estin1ate Ranging describes the deter­
mination of target distance by estima­
tion. 

5 . Navigational Hanging descr ibes the de­
termination of target distance by navi­
g<ltion<t1 means. 

B. Ranging is classified as to type by the 
frequency with which the range is es­
tal> Ii shed. 
I. Continuous Ranging is that type of 

ranging in which target distance is 
continuously established. 

2.. Intermittent Ranging is that type of 
rangi11g in \Yhich target dista11ce is­
established at intervals. 

C. Ranging is classified as to method by 
the procedure employed to operate the 
instrument. 
1 . Manual Ranging is that method of rang­

ing in which the ranging instrument 
is operated by hand. 

2 . Aided Hanging is that method of rang­
ing in which the generated change o! 
range is introduced into the ranging 
instrmnent and upon which corrections 
are superimposed nlnnually by the 
rangefinder or radar operators, as 
required. 

3. Auto1natic Ranging is that n1ethoct of 
ranging in which the instrument auto­
matically determines target distance 
of an acquired target. 

Rapid Fire (RF): RF gims are those in which 
loading, fi1·i11g, em1)t.)'-C<1se ejection, and 
breech operation are performed a.utomat.ically 
by power from a source other than the pro­
pellant, and other than manual. 

Rate of Cli1nb: Rate of change of altitude meas­
ured in feet per minute or in knots. 

Rate of F ire: The number of rowids fired per 
weapon per n1inute. 

RDX: A high explosive. For con1position, see 
appropriate OP. Main constituent of com­
positions A, B, C, llexogen, Cyclonite. 

Real ln11tg-e: An optical image that exists whe1·e 
perceived. 

Recoil: Rearward tt-.rust on gun produced wher. 
gun fires; movement of gun parts in response 
to this thr ust. 

Recoil iYlechanism: Mechanical or hydraulic brake 
that absorl)s some of the energy of recoil. 

f!ectifier : A device that converts a-c volts oo 
pulsating d-c volts. To accomplish this, a 
unidirectional component such as a gas tube, 
metallic rectifier, vacuum tube, 01• semi­
conductor diode is used. 

Recuperator: See Cow1terrecoil. . 
Heduced-Pressw·e Air (Torpedo): Air supply 

at around 125 psi, used to sustain gyro spin. 
Reference Plane: An arbitrarily chosen plane, 

usually within the ship, fro1n which angles 
of e levation of all battery eletnents are 
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measured·. In practice, it may be the plane 
containing one of the battery 1·oller paths, 
or it may be an imaginary plane. 

Reference Supply: A-c voltage of specified fre­
quency and phas~ supplied toene1·gize synchro 
and a-c serYo systems. Usual reference 
frequencies a.re 60 cps and 400 cps . 

Reference Voltage: Ship's a-c supply, used to 
energize p0wer supplies and a-c servomotor 
fields. 

Refraction: Bending of light or sound bean1 when 
passing through fil•3dia of different density. 

Refractive Index: Ratio of optical density of a 
light-transmitting mediun1 to that of a 
vaquum. 

Relative Target Bear ing: The bearing of the 
target from the firing ship, 1neasured in 
the horizontal plane from the bow of own 
ship clockwise from 0 deg1:ees to 360 de­
grees. 

Relief Valve: A valve that automatically opens 
to relieve excessive pressure. A saiety valve 
is a type of relief ''ah'e. 

Repeat Back: In target designation procedure, 
a report from director to designator affirn1-
ing that target is being tracked. 

Repeat- Back Hook: Visual feature of some types 
of TDS, used to show director position. 

Repeater: Duplicate indicator . 
Resistance (H): The opposition offe1·cct to ClU'rent 

flow in a d-c circuit . In a-c circuits, re­
sistance Is the real comp0nent of i mpedancc 
(the total opposition to current flow in a-c 
circuits). 

Resistance Arm: Distance on lever a.rm from 
fulcrum to load point. 

Response: In a servo, the movement effected 
by servo operation, or a signal based on it. 
This signal is fed back to the error-sensing 
device at the system input . Also called " feed­
back." 

RestJ:icted \Veapons: Nuclear, biological, and 
chemical weapons (sometimes called NBC 
weapons) . 

Reticle: A reference =k or ·pattern in an 
optical system, visible to the user of the 
system. 

Returnable Quota: A quota under which a crew­
man sent to school from a ship is returned 
to the s hip after his training is completed. 

Reverberation: In sonar, n1ultiple echoes that 
tend to mask the target echo. 

RF (Guns) : See Rapid Fire. 

ft if ling: Spiral grooves in the inner surface of 
the gun bore. 

Ring Sight: A type of nonmagnifying sight using 
concentric rings to aid in establishing lead 
angle . 

Hipple Switch: A rotary multiple-contact s witch 
used to fire a salvo of hedgehog charges 
in r apid success ion. 

Rocket: A missile not guided after launching 
propelled by reaction thrust evolved from 
burning of a fuel with oxygen supplied by 
the rocket. 

Roll: The Instantaneous value of the angle be­
tween the reference plane and the horizontal, 
measured in an athwartship vertioal plane. 

!toiler Path: Roller bearing on which a weapon 
m·~wit or fire control element tl'alns. 

Roller Path Compensator: A 1nechanical device 
which automatically introduces a compensat­
ing tilt at all train angles to correct for t ilt 
of a roller path. 

Roller Path Data: Tabulated measurements of 
inclination of a trainable battery element at 
various train angles. 

Rotating Sand: Annular pa1·t (usually of copper) 
on a projectile which is engraved by the gun 
bore's rifling when the projectile Is fired. 

Rotor: A part t.hat revolves in a stationary 
part such as the rotating 1ncmber of an 
electrical machine. 

Run-Down Gyro: A torpedo gyroscope mecha­
nis m which coasts for the dut'ation of the 
rtm after an Initial spinning impulse. 

Safety Link: Metal link designed to hold gun in 
battery when counterrecoil system fails or 
Is deactivated. 

Safety Valve: See Helief Valve. 
SAiL: See Ship Armament Inventory List. 
Salvo: One shot or seve1•aJ shots fired simul­

taneously or near Ly so by the saine battery 
at the same targ-et. 

Salvo Buzzer: A buzzer operated by the con1-
puter t ime-of-flight mechanisn1 to w.u:n of 
impending salvo bm·st or splashes. 

Salvo Latch: Mcc1'.anical interlock designed to 
prc•·ent accidental opening of gun breech 
in event of misfire or hang fire. 

Sand-Loaded Ammunition: See Plastet·-Loaded 
Arumm1ition. 

SAP: Se1nl-A1·mor- Piercing (bomb). 

SAU: In ASIV, a search attack unit. 

Scanning Sonar: See A:e:in1uth Search Sonar. 

SCAR: A t)'pe of 2.25-inch aircraft practice 
rocket. 

Scatter Incendiary (Bomb): Oil-gel loaded in­
cendiai·y bomb. 
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SC Device: A search coil used In a magnetic 
induction mine to detect passing ships by 
their distortions of the earth's magnetic 
field . 

SCD (Sonar Display): Sonar display of PP!-type 
using own s hip as center . 

Screening Fire: Support gunfire us ing s rnoke 
pro)eot iles to obstruct e nemy vlow of fr iendly 
units and moverncnt . 

Sea Battery: An electric battery in which sea 
water ls the electrolyte. 

Seapower: "That por tion of a nation's overall 
power which enables it to use the sea in 
fw·therance of its interests, objectives, and 
policies." (N\VP lOA) 

Searchlight Sonar: Sonar System (now largely 
supplomented by azimuth sonar except for 
special applicat ions) in wh.lch pulse is tr ans­
mitted and r eceived in a narrow beain. 

Section: Primary organizational wilt of a s hip's 
cre\V. 

Sectional Dens ity: \Veight of gun projectile per 
square inch of bore. 

Sector Control: The control of one group of a 
battery, or two or m:irc groups of different 
batteries, each of which is assigned the 
same sector of fire. It Is concerned with 
the acquisltlon and destruction of desig­
nated tru·gcts appear ing in the seotor. Sector 
Cont1•01 Is exerc is ed by the Sector Control 
Officer, assisted by Group Control Officers , 
and CIC Liaison Officers. 

Sector of Fire: A specific ar ea ass igned to a 
wilt or to a weapon to cover by fire. 

Self-Destroying t'uz"8: A fuze designed to burst 
a projectile before the end of Its flight. 

Semiautomatic (Gwi): Case gun In which some 
of the propellant's energy Is used to open 
the breech, eject the e mpty case, and close 
the breech when the next round Is loaded. 

Semifixed Ammunition: Ammunition in which the 
cartr idge case is not permanently attached 
to the project ile. 

Sepal·atc - T,oading Ammunition: See BagAmmuni­
tion. 

Service AmTIWlition: Complete ammunition as­
semblies fit for ser vice. 

Series Motor: An electric motor whose field 
winding ls in series with the armatur e wind­
ing. 

Ser vos ystem Or Servo: Any of a variety of 
s yste ms In which a relatively power ful driv­
ing unit r esponds to a relatively weak s ignal, 
and in whic h the response Is fed back to the 
sensing device at the input end of t he system 
so that It may be compared to the incoming 

signal and the operation o! the driving unit 
controlled corre spondently. A "servomechan­
ism" (also called " follow- up") is usually an 
clcctr!cal arrangement of this kind in which 
the mechanical output is produced by an 
electr ic servomotor. 

Servomotor: The w1it in a servosysten1 that 
d1·lves the load, especially the electr ic-drive 
motor in a serov- n1echanism or ln gun ele­
vating or training gear. 

Set: Direction of s hip's drift due to ocean or 
river current. (See also Dr ift (2).) 

Setback: Rearward force exerted on fuzc parts 
when projectile accelerates. 

Shimming: Ylethod of obtaining a proper level 
or a correct spacing toJer anco by adding 
thin s tr ips . 

Ship Heading Line : Visual display of own-ship 
head ing in TDS. 

Ship At·m!lment Inventory Lis t (SAIL): A listing 
of all ar mament on a particular s hip . Each 
ship has a SAIL tailored to its specific re ­
quirements. The SAIL also llsts the status 
of all applicable OrdAlts. 

Shore Fire Control Par ty: A specially trained 
wilt for control of naval gunfire ill support 
of troops ashore, cops isting of a spotting 
team to adjust fire and a naval gunfire 
liaison team . 

Sight: Optical device that es tablishes llne of 
sight ( LOS) to target and p1·ovldes for posi­
tioning of weapon or director with respect 
to LOS. 

Sight Angle: The vertical component of the angle 
between the line of sight and the axis of the 
bore. 

Sjgnal-To- Noise Ratio: :'.lathematical statement 
of signal strength as related to interference. 

Signature: The characteris tic magnetic pattern 
of a ship's hull as it n1oves past a magnetic 
sensing device. 

Silent Running: Aboard a s ubmar ine, the state 
of operating in which a minimum of noise 
is radiated. 

Simple Elevation Check: Horizon check per­
formed at but one point on the hor izon. 

Single- Base Powder: Gun propellant composed 
of nitrocellulose, sta.bili;oer (diphenylamine), 
and ether- alcohol mixture . 

Single-Speed (Synchro) Operation: Use of one 
synoh1·0 systen1 to transmit shaft r otation 
data in 1: 1 r atio with or iginal s ignal. Cf. 
Double-Speed (Synchro) Oper ation. 

Sinking Detonator: A n10ans of rendering a mi.ne 
safe . 

Slant Range: Distance to an aerial point or target. 
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Slide: Structural support for all parts of gun 
mount that move in elevation. 

Slide Cylinder (of Gun): Cylindrical after part 
of barrel. 

SUpring: notating annular contact. 
Small Ai-ms (Caliber): 0.60 ineh or smaller. 
Smokeless Powder: SPCG or single-based gun 

p1·opclla11t. 
Socket Ring: A part of an axial- piston pump 

which can be adjusted to regulate pump 
output. 

Sonar: Use of sound in underwater target de­
tection and looatlon. (Acronyn1 from SOw1d 
NAvigation and llanging.) Sonar m1y be aolive 
(radiating pulses) or passive (listening only) . 

Sonar Control Indicator: Main control com­
ponent ln a sonar system, at which a Sonar­
man Is stationed. 

Sonar Dom1': Soruu· transducer housing. 
Sonics: SoWJds audible to the normal human ear. 
Sonobuoy: Floating radio transll'-itter dropped 

from fixed-wing aircraft and fitted with u.'!der­
water microphones. Used in AS\V. 

SPCO . A m'iltl-base gun propellant. Also called 
Cordite N. 

Spend Brass: Used cartridge cases. 
Spigot: Part of hedgehog projector; by e xtension 

the entire hedgehog projector. 
Spln-Stn.blllzed Rocket: A rocket stabilized by 

1·otation about Its long axis. 
Spiral Scan: An r-f beam which traces out a 

special pattern that is caused by the wobbling 
motion of the antenna about its ax.la. It is 
used for search and acquisition. 

Spot: Correction to be applied to gun position 
In order to hit tiu·get. 

Spot Pyramiding: Application oi a new spot 
before effect of a previous spot has had time 
to become apparent. 

Spotter: An observer who l'eports the results 
of naval gun11l'e to the fll'lng agency and who 
also may designate targets. 

Spotting: The estimation of the required cor­
rection of range, elevation, deflection, and 
fuze range to hit the target. The Spotter is 
the pe1•son actually observing the fall of shot 
or burst and making the estimates of required 
correcl!ons. A Spot is the correction esti­
mated by the Spotter. 
A. Spotting Is class ified as to m~ans by the 

station fl·om which the observation is 
made: 
l, Ship Spot Indicates that the spotter is 

stationed in the firing ship at a desig­
nated spotting station. 
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2 . Local Spot indicates that the spotter 
is stationed in the firing ship at or 
adjaoent to a mount or turret, 

3. Shore Spot indicates that the spotter is 
stationed ashore. 

4. Air Spot indicates 1.hat the spotter Is 
stationed in an alt'cra.ft or airship. 

B. Spotting Is classified o.s to t:y,.,e by the 
m.umer in which observations are made: 
1. \'isual: 

a, Eye Spolting 19 the term used to 
indicate observations miide by eye 
without the use of optical ittstru­
m~nts. 

b . Optical Spotting Is the term used to 
indicate that observation Is assisted 
by optical aids, Including ordinu·y 
b!J1oculiu·s, spotting binoculo .. rs fitted 
with mil scales, spotting glasses , or 
stereoscopic 1·ange finders. 

2. Radar: 
a . Hndar Spotting Is the term used to 

indicate that the observation is made 
\Jy !' actar . 

C. Spotting ls classified as to method by the 
manner or estimating the error of burst 
or impact. 
1. Direct Spotting Is thnt method ln which 

tho spotter's correction is based on his 
estimate of the error of the mean 
point of impact from the target. A 
direct spot may be m3de on the fall 
of shot of one salvo or as the result 
of an observation of an initial ladder. 

2. 13rackct and Halving is a m'3thod used 
in visual spotting at extrcmuly Jong 
ranges, from low spotting stations, or 
with poor illwninat!on, when the spotter 
can determine whether the shots are 
shol't or over, but the an1'.>w1t of el'ror 
cannot be estimated with reasonable 
accuracy. On obsc1·vtng the ln1tlal fall 
of shot, a spot ls m'lde which ls be­
lieved to be sufficiently large to ensure 
crossing the target. U the next salvo 
crosses the target, the following spot 
is applied in the opposite direction (to­
wards the target) but is half Uie amount 
of the initial spot. Successive spots 
arc In the same direction until the target 
is crossed again. \Vhen thls occurs , 
the direction of the spots is ngain re­
versed and again halved. The process 
is continued until the target Is located 
within the pattern. 
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Squirrel-Cage :\1otor: A type of a-o induction 
motor with a cage- like conductor arrange­
m<:nt in the rotor . 

SS: l!lununatlng projectile (Star Shell). 
Stabilization Computer: A devloe that develops 

pitch and roll 001·rectio1is for the UFCS. 
StablUzatlon: The technique of correcting for 

deck inclination. 
Stabilizing Generator: See Damping Generator. 
Stable Element: Gyroscopic device which main­

tains a reference horizontal plane. Related 
slmlla.r device for similar purpose is called 
"stable vertical." 

Stack: Sonar unit for producing transmitted pulse 
and repro<lucing echo. 

Stand: l"oundation of gun 1nount or missile 
launoher. Incorpor ates training circle, and 
is socured to s hip structure . 

Standard Navy Maintenance Management Systcin: 
A plan of action to improve the m'1nagement 
of maintenance and m 'l.ter Jal resources in 
support of the Operating forces of the Navy. 
(Superseded by the 3- )1 System.) 

Star Gage: Instrument for measuring wear ln gun 
bore. 

Star Shell: See lllwninating Projectile. 
Stator: A stittionary pa1't In or about which 

anothel' part (the rotor} revolves, s uch as 
the stationary 1n-~mber of an electrical ma­
chine. 

Stave: A group of m'l.gneticostrlctive transducer 
elements arranged parallel to the long axis 
of u sonar transducer . 

Sterilizing Device (SD): A devlce that auto­
matically deactivates a mine firing system 
when a selected time has elapsed after plant­
ing. 

Stereoscopic Rangcfindcr : An optical rangefinder 
using stereoscopic vision as its principle. 

Storage Hegister: A register ln the internal 
mli!mot·y of a digital computer , whlc h stores 
one oomputer word. 

Straddle: This is obtained from a salvo in range 
(or dofloctlon} when, excluding wild shots, a 
portion of the shots of that salvo fall or det­
onate short and other shots or the salvo 
beyond the target (right and left, respectively, 
for deflection). (In naval gunfire support this 
mal' be known as a B1·acketlng Salvo.} 

Striker: /\ nonrated n1:m training for a rating. 

Subroc: SCflmnrine f!OCket. Submerged, sub­
mai•tne-litunched, surface -to-s11rface rocket 
wlth nuclear depth charge or homing torpedo 
payload, pr imarily anti-submarine. 

Subsonlcs: Sounds below aucllble range . 

Superclcvatlon: 1'he angle the gun m·JSt be ele­
valed above the line of sight to compensate 
for the curvature of the trajectory caused by 
the force of gravity acting on the projectile. 

Su!J(:)l'hcatcr (Torpedo}: See Combustion Flask. 
Supervisory Control: The direotlon of the over· 

all employment of the ship's armament. It 
is concerned with the dispos ition of the bat· 
terles to best n1eet existing conditions, the 
Inter ior communications plan to be used, the 
selection and designation of targets for bat· 
ter!es or groups thereof, and the designatioo 
of standard procedure to be employed. Super­
visory control is exercised by the V.'eapons 
Officer, assisted by his Battery Officers, and 
by CIC Liaison Officers . 

Support Fire: Fire directed by s hips or other 
afloat 1mits at targets ashoi·e, us ually in sup· 
port of ground troops operallons. 

Surface Durst: An explosion of a nuclear bomb 
01· projectile at the .;urface of the earth; 
also the explosion of a nuclear weapon at ai: 

elevation above ground such that the fireball 
touches the ground. 

Suspension Lug: A lug used for supporting a 
bomb in its aircraft. 

Swim-Out: An alternate method of launching 
torpedoes, in which the torpedo propels itself 
out of an underwater tube ins tead of being 
ejcctei;t. 

Sympathetic Explosion: Detonation of an explo· 
sive mass by shock wave of another detona· 
tlon in the vicinity . 

Synchro: Any of five types of rotatable iOOuc· 
lion devices that can produce a unique \'oltage 
pattern corresponding to a.ny shaft position, 
or reproduce the sha.ft position from t.he 
patte1· 11, 01• control a servo to do this . They 
ai•e used in data transn1lsslon systems and as 
computing devices . 

Syncltr<lnous Motor: An a -c motor designed to 
operate "in step" with the s.-c supply; hence 
It has a constant- speed characteristic limited 
ln accuracy only by the steadiness of the sup­
ply frequency. 

System Alignment: Adjustment of geometrical 
relalionship between two or m•1rc major com· 
ponen\s of a weapon system. 

Talos: A shipuorne, surface-to- air missile with 
solid-propellant rocket/ramjet engine. lt is 
equipped with a nucleai· or nonnuclear war· 
head, and command, beam- rider homingguid· 
a.nee. 
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Target-Grid System: '.\lethod utilizing a grid 
spot converter device to make spots observed 
by ground parties available \Vithout delay to 
ship fire control systems. 

Tarta1:: A shipborne, surface-to- air missile with 
solid-propellant rocket engine and nonnuclear 
warhead. 

Tachometer Generator: A generator whose volt­
age output Is direcUy and preciSely pro­
portional to its rate of rotation . Frequently 
used a~ a Uamplng Generator . 

Tail (of Torpedo): Aftermost part of a torpedo. 
Carries pr•opellers and control s urfaces . 

'l'alke1·: Enlisted man assigned to man a battle 
phone for an officer at a control station. 

Tamplon: Plug inserted In gun muzzle to protect 
bore. 

Target Acquisition: The process of positioning 
the tr a.eking apparatus of a control system 
so tha.t a designated targ'Ct is gated in the 
radar or fixed In the optics or open s ights . 

Target Angle: The relative bearing of own ship 
from the target, measured in the horizontal 
from Uie bow of the targ-et clockwise from 
o• to uo•. 

Targ11t Designation: The selection of the ta1·gets 
which are to be taken lUlcler fire, and trans ­
miss ion of the r equisite lnfonnation for ac­
quisition to the selected fire control s tation 
or stations. 
A. Target Designation Is classified as to type 

by the station originating the designation . 
I. Command Des!gna.tion is the designa­

tion o! a target by a command station. 
a . OTC designating a ship to take tar·­

get under fire . 
b. CO of a s hip ciosig11ating target to 

be taken under fire. 
2. Control Desigl>atlon is the designation 

of a target from a fire control station. 
3. Local Designation is the designation 

of a target by m:>unt or turret per­
sonnel. 

B. Target Des ignation Is classified as to 
method by the procedure employed for 
designation. 
l. Automatic Designation is the designa­

tion of the target by means of Instru­
ments which transn1it sufficient data 
to the selected gun fire control system 
to result in target acquisition. 

2. Part ial Automatic Designation is the 
des ignation of the target by means of 
a partially automatic systen1 which must 
be aided lly coaching in order that the 
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selected director will be positioned to 
acquire the target. 

3 . Verlml Designation Is the designation 
of the ta.rgct by voice or telephone. 

Target Evaluation: Esti1natcs of target intent, 
degree of tlu·eat, a.nd type of attack to be de­
livered, based on plots of a target position. 

T31·get Indication: A manifestation, to command 
and control, of targets app1·oachlng into or 
appearing In the area of gunfire. It includes 
all information available for proper designa­
tion, including the presence, identity, loca­
t ion, s ize , munber, course, speed, and esti­
mate of Intent, plus any additional evaluated 
factcrs which are necessary for proper de­
signation . 
A. Target Indication Is classified as to type 

by the means by which ta1·get presence 
is m:uilfcsted . 
!. Hadar Indication describes m.~nifesta­

tlon of target presence by radar . 
2. Visual Indication descr ibes nw.nifesta­

tion of target presence by visual sight­
ing. 

B. Target Indication is classified as to m·~thod 
by the system employed to display target 
presence. 
!. Auton1atio Ind ication is indication o! 

targets by means of ane lectromechanl­
ca l s ystem capable of indicating in one 
display all targets appear ing; In the area 
under investi g-ati on. 

2. Manual Indication Is the indication of 
targets by means of a manual plot of 
all targets observed 01· reported in the 
area under investigation. 

Targ-et (Projectile): See LIL. 
TCD (Sonar Display): Sonar display of PP! type 

using targ-et as center. 
TDS: Target Designation System . 
TDT: Target Designation 'l'ransmttter. 
Temi>eratu1·e Inversion (in Sea \Vater): A cooler 

layer of water overlying a. warmer one. 
Terrier: A surface- to - air missile with solid­

fuel rocket motor . It Is equipped with radar 
beam ridei• or homing guidance and nuclear 
or nonnuclear warhead. 

Test Depth: Maxlmtun depth for a submarine 
or underwate1' weapon. 

Tetrode: An electron tube containing four elements 
(electrodcs) - plate (anode), cathode, control 
grid, and (usually) a suppressor grid. 

Tetryl: An aniline-based organic compound usc<l 
as a hi.gh explosive . 

TH: See Thcrmtte. 
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Thermlte (or Thermate): A mixture of iron 
oxide and aluminum, often used as a filler 
in Incendiary bombs. 

Thermocllnc: Layer of sea water In which den­
sity changes rapidly with depth. 

Theta (9): Greek letter used to designate a se­
lected angle. 

Tlu·own \Veapons: Small contact or proximity 
fuzed AS\V explos ive devices thrown by a 
rockot or mor tar device from attacking sur­
face ship. 

Thyratron: A special type of high- output gas­
fillcd electronic tube. 

Time Uase: Length of full-width sweep (A-scope 
radar presentation). 

Time Fure: A fuze which contains a graduated 
time olcment to regulate the time inter·?al 
after which the fuze will function. 

Time of Flight: T ime elapsed from projectile's 
firing till its impact or explosion. 

TNT: Trinitrotoluene. A high explosive. 
Torch Pot: In a torpedo exercise head, the torch 

pot gives off s moke to assist the torpedo 
recovery crew to recover the torpedo at the 
end of a run. 

Torpedo: A self- propelled underwater weapon 
whose explosive warhead is detonated upon 
contact with or in proximity to a waterbor ne 
or subsurface target. A torpedo may be a 
component of a more complex weapon, for 
which i t serves as the tern1inal stag-e. (Ex­
amples: Astor , Subroc, Dash.) 

Torpedo ~lines: Sec Mobile Mines. 
Torpedo Tube: A torpedo launching device tubular 

in configuration, from which the torpedo is 
normally ejected by compressed air. 

Toi·que: '!wisting effort, expressed in pound­
feet. 

Torque :\1otor: A motor whose armature move­
ment l s restricted to less than one revolution, 
and whose output is a torque proportional 
to its input. 

Total Internal Reflection: See Critical Angle. 
Tq: Underwater fire control symbol for dead 

time. 
Trace1•: Pyrotechnic device on projectile which 

shows projectile track when in flight. 
Tracking: The process of establishing the path 

of target motion with respect to the fir ing 
ship; It is accomplished by combining the 
data obtained by the aiming and ranging 
processes . 
A. 1)·acking ls classified as to type by the 

fot•m of ti•acking employed. 
1 . Direct Tracking is that type of tracking 

In which target path ls established by 
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direct observation (radar , optical or 
sonar) . 

2. Indirect Tracking is that type of track­
ing in which the riu1ge, bearing, and 
elevation of the target a:re generated 
by the computer and its associateri 
equipment . 

3. Offset Tracking is that type of track­
ing In which tlie tat·get path is estab­
lished by the direct observation of a' 
intermediate point of aim in knowr. 
relationship to the designated target. 

13. Tracking is classified as to n1ctbod by 
the manner in which the con1puters are 
employed to determine the path of target 
mtlt!On. 
1 . Automatic Tracking Is that n1ethod of 

tracking in which tho targ"et path Is 
establis hed by use of i·actar for aiming 
and ranging and without manual opera­
tion of any of the tracking controls ir. 
the fire control :;y-stem. 

2 . Automatic Lead Computing is that 
method of tracking In which the process 
oi aiming automatically generates a 
solution of target motion. This method 
of tracking is associated with instru· 
111ents using gyros to measure the 
angular velocity of the LOS. 

3. Rate Control is that method of tracking 
In which the computer' s goncrated path 
of estimated target motion is made f<> 
coincide with t11e obaerved path of 
target motion by comparing the ob­
served and generated rates of m:ition. 
a. Automatic Rate Control is that 

method of rate controlling in whicl. 
the generated target motion is auto­
matically corrected to agree with 
the observed target 111ot1011 by a 
1·ate-control n1cchanls n1 operated by 
the director operators . 

b. Semiautomatic Rate Conu·ol is that 
method of rate controlling in whicb 
the generated target motion is auto· 
ma.tically corre<:tt.'<I to agree with 
the observed target motion by a raie 
control m>:>chanism operated uy the 
computer operators. 

c . :Vlanual Rate Cont.L·ol is that method 
of rate cont.L•olllng in which the 
gener·ated target motion is corrected 
to agree with observed target motio' 
by chanb>"Cs to target course, speed, 
and angle of climb introduced 
manually by the computer operators. 
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Train: The mavement in the horizontal plane 
of a gun mount or laWl<lhing equipment. 

Train Alignment: Alignment of fire control and 
weapon systems element<; so that they are 
in effect all parallel and all at exactly t!:e 
sani~ angle to a selected vertical plane . 

Trainer: One who moves a weapon ln az i111uth. 

Training Circle: A large circular gear at the 
base of h·uinable weapon equipment. 

Training Gear: Mechanical, electrical, and hy­
draulic equipment used to move weapon equip­
ment In azimuth. 

Tramming: Procedure for verifying train and 
elevation dial accuracy on gw1 1now1ts. 

Tr;u1sctucer (Sonar): Device that t ranslates sotu:d 
w<ives Into electrical signals, and vice versa. 

Transisto1·: An active semiconductor device 
having three or more electrodes (clements). 
Transistors can perforn1 almost all the func­
tions or electron tubes . 

Transmission Check: ln fire control system 
alignm<lnt, the process of verifying that the 
data trans mission system is functioning with 
the accuracy required. 

Trans mission Loss: Signal strt::ngth lo~t in trans ­
miss ion. 

Transverse \Vaves: Vib1·ation nt right angles to 
clu·ectlon of wave front movement . 

Traverse Plane: A plane determined by a point 
of aim and the elevation aids of the sight. 

Trench-\Varfare Amm mition: Ammunition for 
ct::rtafn tYPCS of infantry weapons . 

Triode: A three-electrode electron tulle. Tt has a 
plate (anode), cathode, and control grid . 

T1·iple-Based Powder: See Multi-Based Powder . 

Tilt llox:: A part of an axial- piston pump con­
taining the socket r ing. 

Tritonal: A mixture ofT)(Tanclalumlnumpowder. 

True Target Bearing: True bearing of the target 
from the firing ship. 

True Wind: Wind as it exi~ts with respect to 
the earth and independent of any motion of 
the s hip. 

Trunnions : Part of the gun 1nount slide. The 
center or rot;1tlon in elevation movement. 

Tt•itnnion Til t: Instantaneous inclination of tl':e 
axis of the trunnions to the horizontal. 

Truth Table: A table that dese1·Jbes a logic func­
tion by listing all possible combinations of 
input values a.'ld indicating for each combina­
tion the true output values. 

Tud: In unclerwater fire control, syml.Jol fo1· 
tlmc to fire . 

UR Plot: Underwater flattery Plot. 

UFCS: Un:icrwater Fire Control System. 

Ultrasonics: SoWld above normal hwna.n audible 
frequency range. Usual upper limit of audi ­
bility Is ta-l<en to be about 15 klir.(15,000 IIZ} 
(''Supersonics" used in this sense is no 
longer correct.) 

Unde1·water Demolition: The destruction or neu­
tralization of underwater obstacles: this is 
nor mally acco1nplished by underwater de1no­
litlon tean1s. 

Unit i\eplacement Princ iple: Heplacementofcom­
plete subassemblies by others in event of 
failure In the field, instead of replacement 
of failed or defective components only. 

Universal ~lotor: A motor (usually fractional 
ho1·sepower) that can be ope1·atect on either 
a- c or d-c . 

Upp<::r Carr iage: Tile part of the gun 1nount 
rotating s tructure that contains the trunnion 
bcru: ings . 

UPS: l,;ni~·ersal Polar Stereogro.phic (militai·y 
grid system). 

t;rgcnt Attack (AS\\'): Attack on submarine which 
Is In position to fire torpedoes. 

t;SN:\11: U, S. Xavy :\'lai1euve1•lng Instructions. 

UT:ll: Universal Transverse :\lorco.tor (military 
grid system). 

Vacuum Tube: See Electron Tube . 

Var ial>le Time Fu2e: A fuze des igned to detonate 
a projectile, bomb, mint::, or depth charge 
when activated by external Influence other 
than contact in the close vicinity of a target. 

VOS: Variable Depth Sonar. A dcvlce on the fan­
tail of a destroyer to lower a sonar trans­
duco1· to a variable cleptll to search below 
the lo.yer depth, 

Vehicle: The carrier or dellvory device in a 
weo.pon system. 

Ve1·t1c11l Plane: A plane perpendicular to the 
horizontal. It may pass through any desig­
nated line or !><>int . 
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Very Light: A projected pyrotechnic device. 

Veslcant: A chemical agent that blisters t!:e 
Skin, such as lewisite and mustard . 

Video: Visual signal presentation, or electrical 
signal which eventually forms n part of a 
video presentation. 

Virtual Image: An optical im1ge that docs not 
actually exist at the location where it appears 
robe. 

Voltage Regulator: A device that maintains t!:e 
''Oltage of a voltage source essentially con­
stant regn.rdless of variations in input voltage 
and load. 

VT: Proximity (fuze). 

\\'ande1· :\'larks: lteticle m!ll'ks used In stereo­
scopic rangefinder. 

V.'arhcad: 1. That part of a missile, projectile, 
or torpedo that constitutes the explosive, 
ohemlcal, or other charge intended to damage 
the enemy. 2, A major assembly, which in­
cludes eithe1· the nuclear or thermonuclear 
system, high explosive syste m, chemical and 
IJiologlcal agents or inert n1atcr!nls . 

IVarhend Seotlon: A con1pletely assembled war­
head including appropriate skin sections and 
rolat.ed components. 

\Vatch, Quarter, and Station 13111 (\VQ & S Uill): 
A chart showing for each billet the nam~ and 
rate assigned , cleaning and maintenance sta­
tion, and assignments in condition watches 
and specific bills. 

IVaveguide: Radar wave conductor. 

\VOE: Weapons Direction Equipment. It usually 
consists of one or more Target Selection and 
Tracking Consoles, a Director Assignment 
Console, a \Veapon Assignment Console, and 
the necessary cabinets to house power sup­
plies and computer units. 

\VDS: \Veapons Direction System. It ls made up 
of WO£ and units that s upport Its function. 

\Veapon: The destntctive unit in a weapon system. 
E xccpt for guns, the weapon ls the unit that 
actually destroys the target (oonunonly by 

'explosion). 

\Vcapon System: The combination of a weapon 
(or multiple of weapons) and the equipment 
used to bring the destructive power of the 
weapon against the enemy. It Includes units 
to-
1. Detect, locate, identify the tai:gct. 
2. Deiive1· or start delivery of weapon to 

ta1·gct. 
3. ContJ:ol delivery unit or weapon. 
4 . Destroy the target (weapons). 

\Veapons Doctrine: General Instructions on course 
of action to be taken by officer s supervising 
wea{lOn operations in specific tactical situa­
tions . 

\Vear Gage: Instrument for m'lasuring e1·osion 
at origin of rifling in minor caliber guns. 

\Veight : A1n0lmt of gravitationa l puil on a body. 

\Vild Shot: A shot with an abnormally large dis­
persion in range, or in deflection, or in both. 

\Vind Direction: Direction from which the wind 
is blowing. 

\\'indow: Projectile that ejects foil strips to 
make a deceptive radar target or screen. 

\Vindshlcld: Thin metal fairing over nose of 
AP projectile. 

\VLO: Weapon,,; Liaison Officer . The weapons 
depart1nent representative ln CIC . 

\Vork: Force acting against a resistance through 
a distance, r esulting in n1ovement of a load 
against a resistance, or acceleration of a 
mrtSS. 

\\forking Pressure Air: In a torpedo, com­
pressed air at a pressure arow1d 500 psi. 

WP: White phosphorus. 

Yoke (Olm): In bag guns, tho equivalent of the 
gun housing. 

7.ero Length Rocket Launcher: A rocket launcher 
(used today only in aircraft) which does not 
support the rocket after the burning pro­
pellant has begun to move the rocket. 

Zone of Responsibility: A prodetermine<I area 
of enemy terrain which supporting ships are 
responsible for covering by fh·e on known 
targets or targets of opportunity and by ob­
servation. 

7.uni : An air-to- surface ung'l.tided rocket with 
solid propellant. Can be armed with various 
types of heads, including Oares, fragmenta­
tion, and arn1or piercing. 
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PART 2-GLOSSARY OF FIRE 
CONTROL SYJII BOLS 

This is a special glossary designed for the 
convenience of those desiring to understand the 
derivation of fire control syn11Jols or to know 
the meaning of specific symbols used in AA and 
surface gunner y. It does not include all of the 
symbol variations used inAA anclsW'face gunnery, 
nor does it cover symbols used in underwater 
fire control or in guided miss ile fire control. 
For detailed authoritative treatment, refer to 
OP 1700, which, in its three volumes, explains 
all fire control values, their sy1nbols, and their 
derivation. 

Symbols are used in fire control to provide 
a concise way to represent values which other­
wise would r equire extended definition. Fire 
control symbols are made up of capital letters 
standing for basic quantities; and lower case 
letters , arabic numerals, and the prime (') ai·e 
used as modifying symbols . For example, "So" 
Ls 1nade up of a basic symbol "S " meaning 
''speed'' and a moclifying .syrnl>ol 11 0'' mea11ing 
"of own ship." Hence, the syn1bol So signifies 
own ship speed. The prilne ( ') before a quantity 
denotes measuxen1ent fxom a normal nlane. 
After a quantity, it denotes measuren1ent ·to or 
in a normal plane (a plane perpendicular to t!:c 
deck). (Bear in mind that son1e publications 
still may be using the old fire control sym'.>ols, 
the ones that are used in this book's predecessor.) 

BASIC SYMBOLS AND Dl!:FINITIONS 

Symbol 

A 
B 

c 

D 
E 

Ei 
Eu 

G 
H 
I 

L 

Definition 

Angular movement in elevation. 
Beat•ing (of targ-et, unless modified) 

measur ed in the horizontal plane. 
CotU'se, measured in the horizontal 

plane. 
Uate of 
Elevation (of target, unless n1odified) 

measW'ed in the vertical plane, 
Level angle . 
Angle of depression (pertaining to the 

line of sotmcl). 
Missile offset angle. 
Gyro angle. 
Distance (between two points) . 
Angle of inclination (useful only as a 

rate). 
Sight deflection; total lead angle be­

tween line of sight and line of flre. 
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Definit ion 

M Linear 1novement. 
P Gun parallax displacement. 
Ps Director parallax base length. 
R l\ange. 
S Lateral angular move1nent, 
T Ti1ne. 
u Velocity. 
V Sight angle. 
\V \Vind rate . 
Y Ha.ditu; of turn. 
Z Crosslevel angle. 

co~·IMOJ:\ BASIC SYMBOL-MODI FIERS 
Al\D DEFINITIONS 

Sym1Jol Definition 

b 
cl 

e 
g 
h 
k 

0 

p 
q 

r 
s 
t 
v 
IV 

x 
y 
z 

" 

" 

1 
2 
3 
4 
5 

Apparent; ex-pressing rates and angles 
of apparent wind. 

Beari11g. 
Deck; quantities mea.sw•ed in, from, or 

about axes in the deck plane. 
E levation. 
Gun. 
Horizontal. 
Earth; quantities exp1•essing earth's 

rate. 
Own ship. 
Prediction. 
Heading; the compass head of own shlp 

or target. 
Rang-e . 
Line of s ight. 
Target. 
Vertical. 
\Vind; of or due to wind. 
East- \Vest n1easure1nent . 
North-South measurement . 
Of or due to cross level. 
Prim~ (before quantity); ineastu·emcnt 

from a normal plane. 
Prime (after quantity); n1~asurement 

to or in a normal plane. 
Dou!Jle prime (before quantity); 1neas­

tll'emcnt fro1n a plane normal lo the 
slant plane. 

Double prime (after quantity); meas­
ure1nent tq 01• in a plane normal to 
the s lant plane. 

Present position. 
Future position. 
Advance position. 
Aim\ng position. 
Fuze computation quantities. 
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QUANTITY MODIFIERS 

(These modifiers ai:e used before or after parentheses.) 

After 
)1odifier Name Before The Parenthesis 

The Parenthesi (NM denotes no 
-------------------------------------------------~---------------------tI19.!l!'l1~gl __________ _ ------------------------------------------------------------------------------------------

a 

b 

c 

d 

f 

g 

i 

J 

k 

I 

m 

0 

p 

q 

T 

s 

u 

w 

Advance 

Ballistics 

Computed or 
Generated 

Designated 

Estimated or 
Error 

Function 

Dead Time 

Increment 

Computational 
Addition or 
Partial 

Earth 

Initial 

Relative 
Motion 

Obse rved or 
:Vleasured 

Gun Parallax 

Director 
Parallax 

Corrective 
Input or Spot 

Rate Control 

Selected 

Initial Velocity 
Loss 

Wind 

Portion of quantity measured to advance 
position 

SJperelevation or drift 

Viilue of quantity computed or generated 
in mechanism 

Designated value of quantity 

Estimated value or ert'O!' 

FUnction of a quantity 

Correction due to dead time 

An increment of a quantity 

A computational addition to the quantity 

Nl\1 

The initial value of the quantity 

The portion of the quantity accounting for 
relative motion between own ship and 
target 

Observed or measured value of a quantity 

Portion of quantity accounting for gun 
parallax 

Director parallax portion of quantity 

Corrective Input or Spot 

Rate control correction to a quantity 

Selected value 

Portion accounting for change in initial 
velocity 

Effect of wind 
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NM 

Superelevation or drift cor­
rect ion 

NM 

NM 

l\'M 

I\~ 

The qua.ntity corrected for 
the effect of dead time 

N!v! 

A partial value of the quantity 

Heferred to earth frame 

K~I 

The quantity corrected for 
the effect of relative motion 
between own ship and target 

Referred to a frame rigidly 
attached to own ship 

Quantity corrected for the 
effect of gun parallax 

Director parallax correction 

l\""M 

The quantity including the 
rate contro I correction 

Referred to inertial frame 

Corrected for change in 
initial velocity 

Correction for effect of 
wind 
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PRINCIPAL FlltE CO:-l'I'ROL 
QUAXTITIES 

(Selected items only are listed.) 

A. . .•. Relative angular movement in eleva­
tion. The difference in elevation from 
the horizontal plane belween the pres­
ent line of sight and line to the futtu·e 
target position, measured upward to 
the line to future target position ln a 
vertical plane. (Symbol was pre­
viously used for target angle.) 

B. . . . . Helatlve target bearing. The angle be­
tween the vertical plane through own 
ship centerline and the vertical plane 
through the line of sight, measured 
in the horizontal plane cloch·wise 
from the bow of own s hip. (Pre­
viously called Dr.) 

Bd ... . Director train (stabilized sight). Angle 
between the \•ertical plane through 
own ship centerline and the vertical 
plane through the line of sight, meas­
ured in the deckplaneclockwisefrom 
the bow of own Ship. (Previously 
called B'r.) 

Bel'. . . • Director train (sight not stai>ilized). 
Angle between tho vertical plane 
through own ship centerline and the 
normal plane through the line of sight, 
measured In the deck plane. Positive 
angles are measured clockwise from 
own ship centerline. (Previously 
called B'r'.) 

Bog . . . Gun parallax angle. Angle between nor­
mal plane through reference line and 
normal plane through gun parallax 
base line, measured in the deck plane 
clockwise from reference line. 

Bos . . . Gun parallax angle. Angle between 
normal plane through reference line 
and normal plane through dir ector 
parallax base line, measured ln the 
deck plane clockwise from reference 
line. 

Bot. . . . Target angle. Angle between vertical 
plane through the relative target 
speed vector and the vertical plane 
through the line of sight, measured 
In the horizontal plane clock...,vise 
from the target speed vector. (Pre­
viously called A.) 

Bwy ... True direction true wind. Angle be­
tween the north-south vertical plane 
and the vertical plane through the 
direction from which the true wlnd 

is blowing, measured in the hori­
zontal plane. Positive angles are 
measured clockwise from North . 
(Previously called Bw .) 

By . . . . 'true target bearing. Angle between 
the north-south vertical plane through 
the line of sight, measured in the 
horizontal plane. Positive angles are 
n1easured clockwise from Noi·th. 

c(B) Generated relative bearing. (See defi-
nition of B.) 

o(E) Generated targetelevatlon. (See defini-
tion of E .) 

Co . Own ship course. Angle between the 
north- south vertical plane and the 
vertical plane through own ship 
centerline, measured in the hori­
zontal plane. Positive angles are 
measw·ed clockwise f1·om North. 

Cqo . . . Own ship heading. Angle between the 
Korth-South vertical plane and the 
vertical plane through own ship 
centerline, measw·ed In the hori­
zontal plane. Positive angles are 
measured clockwise from Korth . 

Cqt . . . . Target heading. Angle between the 
North-South vertical plane, and the 
vertical plane through the target 
centerline, measured In the hori­
zontal plane. Positive angles are 
m<lasured clockwise from North. 

Ct . . .. Target cour se. Angle l>etween the 
North-South vertical plane, and the 
vertical plane through the target 
speed vector (referred to the frame 
used by the fire control system), 
m3asured in the horlzontal plane. 
Positive angle is measured clock­
wise from North. 

Cw ... . 't'r uc course true wind. Angle between 
the North-South ve1'tica1 plane, and 
the vertical plane throu.gh the direc­
tion toward which the true wind is 
blowing, moasurcd In the horizontal 
plane. Positive angles arc measured 
clockwise from No1·th. 

DBs ... Angular bearing rate in slant plane. 
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The angular rate of the line of sight 
in the slant plane through the line of 
sight and through the director eleva­
tion axis ln the hor lzontal plane, 
measw•ed with respect to the initial 
position of the line of sight at the 
Instant of firing. The initial position 
of the line of sight is fixed in the 
reference frame used by the fire 



Pill:>IC!PJ.ES 01•' NA VAL OllDl\A:\CI:: AND GU:\"1ERY 

control system to measure the angu­
lar rate. 

DE . . . . Angular ele,•ation rate. The angular 
rate of the line of sight In the verti­
cal plane through the line of sight, 
measured with respect to the inter­
section of the ver tical plane through 
the llne of sight and the hor izontal 
plane . (Previously called dE .) 

E. . . .. 'l'al'get elevation. Angle between the 
horizontal plane and the line of s ight, 
meas\U'ed in the vertical plane 
through the line oi sight. Positive 
angles are meas\U'cd upward from 
the horizontal plane. 

E' . . . . Target elevation. Angle between the 
ho1•izontal plane and the line of sight, 
measured in the normal plane tlu·ough 
the line of s ight. Positive angles are 
measured upward from the hor izontal 
plane . 

Ed . . . . Director elevation. Angle between the 
deck plane and the line of sight, 
measured in the vertical plane 
through the line of sight. Positive 
angles are measured upward from 
the deck plane. 

Edg ... Cun elevation order. Augle between 
Ute deck plane tu>tl the line of fire, 
meiisured in the vertical plane 
through the line of fire. Positive 
angles are ineasw·ed upward from 
the deck plane. 

Edg' . . . Gun cle,•ation order. Angle betv;een 
the deck plane and the line of fire, 
measured in the normal plane through 
the line of fire. Positive angles are 
measured upward from the deck 
plane. (Previously called E 'g.) 

Rg . . . . G1m elevation. Anglo between the hor i­
zontal plane ancl the line of fire, 
measured in the vertical plane 
through the line of fire. Positive 
angles are measured upward from 
the horizontal plane. 

Ei . . .. Level angle. Angle between the hori-
20ntal plane and the deck plane, 
nl•~asured in the vertical plane 
through the llne of sight . Positive 
angles are measured downward fro1n 
the hor izontal plane on tho tar get 
side of own s hip. (P1:evlous ly called 
I .. ) 

Eio .... Pitch. Angle between the horizontal 
plane and the deck plane, mcas\U'ed 
in the vertical plane through own 

ship centerline. Positive angles are 
measured downward from the hori­
zontal plane. 

£2 ... . Future target elevation. Angle between 
the horizontal plane and the line to 
the futui·e target position, measured 
in tho vertical plane through the line 
to the future target position. Positive 
angles are measured upward from 
the horizontal plane. 

L. . Total lead angle. Angle between the 
line of sight and the line of fire. 

Ld . Deck deflection. Angle between the 
vertical plane through the line al 
sight, and the vertloal plane through 
the line of fire, measw•ed in the cleck 
plane from the vei·t!ou.l plane through 
the line of s ight. (Pre\• iously called 
Del,) 

Lh . . . . Horizontal deflection. Angle between 
the vertical plane throu_gh the line 
of sight and the vertical plane through 
the line of fire, measured in the 
horizontal plane from the vertical 
plane through the llnc of sight. (Pre­
viously called Dh.) 

L:; .. .. Sight deflection. Angle between the 
lino of sight and the vertical plane 
through the line of flro, mcastU'ed 
from the line of sight In the s lant 
plane through the line of sight and 
through the director elevation ruds 
in the horizontal plane. (Previously 
called Ds.) 

Lz . . . . ·rrunnion tilt correction. Correction 
to gun train order for the tilting of 
the gun trunnions clue to ci·osslevel. 
(Previously called Dz.) 

M . . . . Total relative moveinent. Total linear 
displacement of the tal'get during the 
time of flight due to relative motion 
between own ship and target in the 
frame used by the flre control system. 

l\lh . . . . Linear movement In horizontal. The 
linear displacement during the t ime 
of flight in the horlzontn.l plane and 
in the ver tical plane through the rela­
tive target speed vector in the frame 
used by the fire control system. 
Modifier o is added (Mho) to express 
the quantity due to own s hip motion, 
and modifier t is added (l\Iht) to ex­
press the quantity due to target 
motion. 
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Mr ...• 

p. . . . . 

Ps . . . . 

R . . . 

Ith . . 

Rv .•.• 

H2 . . • . 

R3 . . . . 

Luiear movement in range. The linear 
moven1ent dw·ing tin1e of flight along 
the line of sight, due to relative 
motion between own ship and target 
in the frame used by the fire con-
trol system. 

Gun parallax base length. Total dis­
tance from the i·eference point to 
the gun, measured along t..oe gun 
parallax base line. 

Director parallax base length. The 
total distance from the refer ence 
point to the director, measure cl along 
the director parallax baso line. 

Present range. Dlstanco from own 
s hip to tai·gct, 1n'i!asured along the 
line of s ight . 

Horizontal range. Projection of present 
r ange In the horizontal plane by a 
vertical plane through the line of 
Sight. 

Target height. Height of target above 
the horizontal plane, moasured in 
the vertical plane through the line of 
Sight . 

Future range. The distance from own 
s hip to future target position, meas­
ured along the line to the future 
target pos ition. 

Advance range . Distance from own 
s hip to the advance target position. 
(Previous ly caned H2.) 

R4 .... Aiming range . Tne distance from own 
ship to the aiming position, meas­
ured along the lme of fire . 

R5 . . . . Fuze range. Range used in the com­
putation of fuze setting order. It is 
equal to advance range plus change 
In range dur ing dead time. 

S . . . . . Total angular n1ovement. The total 
angle between the line of sight and 
the line to the futur e target posit io11. 

Sh • . • . 

T .. 
Tg . 

u. . . . . 

Vs . • , • 

v z . . . . 

\V • 

Zd . . . . 

Z s . . . . 
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Horizontal angular movement. Angle 
ootwecn the ver tical plane through 
the llne of s lght and the vertical 
plar.e through the line to future tar­
get position, measured in the hori ­
zontal plane from the vertical plane 
through the line of sight. 

Clock time. 
Dead time. Time betwe~n setth1g the 

fuze and firing the shell (projectile) 
or time for which computational quan­
tities must be modified when lawieh­
ing (missiles) is delayed. 

Initial velocity . The velocity of the 
projectile with re~pect t-0 t he gwi 
muzzle at the instant the projectile 
leaves the gl.ln. 

Sight angle . Angle between the Unc of 
fire and the slant plane through the 
llne of sight and through the director 
elevation axis in the hor izontal plane, 
ineasurcd fron1 the line of fire ln 
the vertical plane through the line of 
fire. 

T1·un11!on tilt correction. The part of 
gun elevation or(Jer accouuting for 
the tilting or the gun trunnions due 
to orosslevel. 

True wind speed. The total rate of the 
true wind measured with respect to 
the earth. 

Crosstevcl. Angle between the ver tical 
plane through the line of sight and the 
normal plane tlu·ough the lnterseclion 
of the vertical plane through the line 
of sight and the deck plane measured 
about the axis which is the inter­
section of the vertical plane through 
the line of sight and the deck plane. 

Angle between the vert ical piano 
tlu·ough the line of sight and the nor­
mal plane through the line of s ight, 
measure<! about the line of sight as 
the axis . 



APPENDIX II 

BALLISTIC CALCULATIONS 

This appendix is divided into two main sections. 
The first section explains the uses of r ange 
tables, and the second section gives instruct ions 
for using the air-density no1nogram. 

This discuss.ion is based on information about 
a 5"/38 gun and its projectile, contained in OP 
551, th ird revision. Ballistic information on pro­
jectiles for other guns may be found in the appro­
priate OP range table (as this inforn1ation is 
called), For example, the range table for certain 
511/54 gun projectiles is found in OP 1182. 

USES OF RA~GE TABLES 

The 1·ange table is published by the Naval 
Ordnance Systems Command for each gun and 
for each projectile type fired by the gun. It 
presents, in convenient form, the elements of 
the trajector ies resulting from firing that speci ­
fied projectile, at a specified initial velocity , 
at va1·ious angles of elevation, under standard 
conditions. A range table tabulates, for each 
100-yard increment of ninge, such characteristics 
of the trajectory as angle of elevation, tin1e of 
flight, angle of fall, and striking velocity. 

Preparation of a range table involves ex­
perimental firings of a number of the specified 
projectiles to obtain data used in conjunction with 
a com9lex set of equations or formulas to solve 
the trajectory. 

Norm~l practice at the Naval Ordnance Labo­
ratory is to compute all range table entries 
directly from equations by means of large me­
chanical and electronic computing machines. 
These machines are capable of handling a large 
number of complex solutions rapidly and accu­
rately. 

STANDARD CONDITIONS 
FOR RANGE Ti\DLES 

In the computations upon which range tables 
are based, certain arbitrary conditions are as­
sumed. These are r ange- table standard condi -
tions. To use the range table under conditions 
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other than standard, it is necessary to provide 
in the table corrections for variations from 
these conditions. 

The stand:u·d conditions assumed for range­
table values ar e that: 

1. The pro.iectile leaves the gun with the 
designed velocity. 

2. The projectile is of the designed weight. 
3. The atmosphere is of an arbitrarily chosen 

standard densl ty. 
4. There is no wind. 
5. The gun is motionless. 
6. The target is motionless.I 
7. The earth is mot ionless. 
8. The gun and target are in the same hori­

zontal plane, the plane tangent to the earth's 
surf ace at the gun. 

9. The gun is elevated in the vertical plane: 
tl1at i s, the axis of the gun trunnions is horizontal 
at the tinl';) of firing. 

Variations from any one of these conditions 
may cause a significant error. Therefore, in 
addition to the tabulation of trajectories under 
standard condi tions, the range table provides 
necessary corrections for variations from the 
first six of these standard conditions. Correc­
tions for variations from any of the last three 
require separate consideration or computation, 

Correction for I'Otation of the earth can be 
computed from auxiliary tables published with 
range tables for major-caliber guns, or by fire 
control instrwnents. The amout1t and direction 
of error vary with the azimuth of the line of 
fire, the latitude, and the range; but rem1in 
small in all cases. The correction is disregarded 
for guns of 5-inch ca liber or smaller. The cor­
rection for tilt of the t runnion axis from the 

1 Although motion of the target does not 
affect the trajector y itself, it enters into the 
problem of determining the trajectory that will 
reach the target. 
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horizontal is practical only when us ing a n1echani­
cal solution and is cons idered in the fire control 
problem. Use of the columns of the range table 
to account for nonstandard conditions will be 
taken up later. 

A TYPICAL RANGE 
TABLE 

The discussion whic!l follows is based on 
the range table (OP551, third Revision) for the 
5"/38 b"'" using a 55.18- pound AA common 
project ile. 'l'he table, excerpts of which are 
shown in figure A2-1, is based on an I. v. of 
2500 ft, per second - an average value for 5 "/38 
guns. 

Columns 1 to 8 inclusive give values of ele­
ments of the trajectory under standard conditions 
cor1·esponding to a given range , in increments 
of 100 yards. 

Columns 10 to 18 inc lusive (there ls no column 
9) list errors caused by the fact that actual firing 
is seldom, If ever, conducted under actual range 
table conditions. The heading over each column 
indicates both cause and direction of error. 

COLUMN 10 

Column 10 is headed " Change in range for 
10 F. S. increase in initial velocity." The two 
major elements which affect initial velocity 
are gun ei'Osion and variation in powder tem­
perature. Of these, e rosion causes a loss In 
initial velocity and a decrease in range. The 
Navy range tables are based on a standard 
powder temperatu re of 90° Fahrenheit. :vlagazinc 
temperature rarely exceeds this figure. The 
variation in velocity due to temperature varia­
tion of one degree ft-om 90° F, is st.ated in 
certain range tables and other NavOrctSysCom 
publlcattons. The Joss of initial velocity per 
degree of change of powder tem;>erature will 
vru:y ~1th the caliber, powder index (i.e., mam1-
facturing lot), and erosion. 

The loss of velocity caused by erosion is 
dependent upon the amount of bore enlargement, 
The range table includes one table which shows 
the am:iunt of velocity loss for s pecified amount-s 
of bore enlargen1ent, \\11ich can be used follow­
ing star gaging, and a second table showing 
bore enlargement versus equivalent s ervice 
rounds fired, for use in periods between star 
gaging. 

It must be noted that Initial '<elocity for 
a new 5"/38 gun is 2600 ft. per sec, (ofte11 
abbreviated also as f.s. or f.p.s.). Since the 

average velocity during the life of the gun ls 
2500 ft. per sec (the range table's assumed 
value) , in a relatively new gun, velocity change 
due to bore enlargement may have to be com­
puted in re lation to the r ru,ge table as a gain 
rather than a loss. 

COLUMN 11 

Column 11 is headed "Change in range for 
1 pound decrease in projectile weight." This 
change of range is due to two causes which 
are opposite in their effects. The first is the 
change !n I. v. A projectile hea,;er than standard 
'Viii be expelled from the gun at lower than 
designed I. V., causing a decrease in range. 
However, increase In weight will cause an in­
crease in mon,entum, which results in an increase 
in range. 

In practice, column 11 is not normally used 
aboard ship, s!nce only projectiles of standard 
weight are fired. Pro_iecttles are required to 
be of designed weight within sinall to lerances. 
The effects Of these small variations are ne­
glected. This small variation in projectile weight 
is one reason why all shots of a sah•o, fi red 
at the same time and under the same conditions, 
do not fall at the same point. 

COLUMN 12 

Column 12 is headed "Change in range for 
10 percent decrease in air density." For use 
under conditions where no aloft observa.tions 
of air density are possible, a table has been 
prepared \Jnsed on the resu Its of many past 
observations aloft, The entering arguments are 
the height of the maximum ordinate in feet and 
the surface density; tl>e result is the ballistic 
density. b'tandard surface densit}' has been arbi­
trarily selected as the density of the atrnosphe1·e 
at a temperature of 59° F., a barometric pres ­
sure of 29. 53 inches of mercury , and a humidity 
of 78 percent saturation. This standard surface 
density is assigned a numerical value of 1.000. 
To determine variation in the trajectory caused 
by variation from standard sur face density, 
the temperature and baron1etrlc pressure are 
measured at the surface and the resultingdensity 
is expressed as a percentage of the standard. 
This percentage of standard density at the sur­
face is then used in tlle table of ballistic density 
and from it the ballistic density Is found. 

51'7 
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Flgut·o AZ-1. - Pa:1·t.ial range t~~ble (from OP 551. 3);d r.ev1slOJ\). 
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Figure A2-l. - Partial range table (from OP 551, 3rd revision). 
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PRINCIPLES OF NAVAL onDNANCE AND GUNNERY 

USE OF THE NOMOGRAM 

The primary means of determining U1e change 
of range for variation of air density is by nomo­
gram (fig. A2- 6). The nomogram provided with the 
5"/38 caliber range table is an example of 
the type in use in the Fleet today. When aloft 
aerological observations are not available, it 
gives a rapid so lution of the error in r ange 
due to variation in atmospheric density. Instruc­
tions for its use are provided with the nomogram. 

The use of the nomogran1 is more accurate 
than results obtained from using column 12 
with surface observations, as it takes into account 
the ratio between mean 1neasured and standard 
densitY. for the actual maximum ordinate ob­
tai ned.2 Instructions for using the nomogram 
are presented later in this appendix. 

COLUMNS 15 AND 18 

Column 15 is he,ided "Change in range for 10 
knot 1notion in plane of fire- target '' and column 
18 is headed "Deflection for-10 knot motion 
perpendicular to plane of fire-target." Actually, 
column 15 gives the distance that the target will 
move in the line of fire, if its speed in the line 
of fire is 10 knots, during the time of f light of 
the projectile. Column 18 gives the same informa­
tion for motion across the line of fire. The values 
in the coluinns are derived by multiplying the 
speed of 10 knots , expressed as 16.89/3 yards 
per second, by the time of flight of the projectile 
for the given r ange, as found in column 4 of the 
range table. 

COLUMNS 13 AND 16 

Column 13 is headed "Change in range for 10 
knot motlon in plane of fire - ,;i nd," and column 
16 is headed "Deflection for -10 knot motion 
perpendicular to plane of fire- \Vincl. " 

A wind, or wind component, in the plane of 
fire, or line of fire, is spoken of as a range 

2 Some recent range tables, including the one 
in figure A2-l, have an additional column, 12a, 
which gives the change in range for a variation 
of te1nperature of the air of lO•F. f rom the 
standard air temperature. The effect given in 
column 12a is that caused by change in the 
elast icity of the air and is independent of and 
adclitlonal to the effect of any change in density. 
Column 12a is us ed with surface air tempera­
ture, the s tandard being taken as 59° f<'. 
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wind. A lateral "ind (wind, or wind component, 
blowing across the line of fire) is spoken of 
as a cross wind. 

The effect of a positive range wind (blowing 
in the direction in which the projectile is travel· 
ing) is to increase the range. The opposite is 
true for a negative range wind. A cross "~nd 
w!ll carry the project lle in the direction toward 
which the wind is blowing. 

The use of the columns is similar to that 
described earlier for columns 15 and 18. 

COLUMNS 14 AND 17 

Column 14 is headed "Change in range for 
10-knot motion in plane of fire-gun" and column 
17 is headed "Deflection for 10-knot motion per­
pendicular to plane of fire- gun. " By "motion ol 
gun" is meant the "velocity imparted to the pro­
jectile due to motion of the firing ship," aside 
from the velocity imparted by the powdercharge. 
This velocity may be positive or negative. Thus, 
a sh ip stea1ning at 10 knots an(! firing dead ahead 
imparts an added velocity of 16.89 ft per sec., in 
the horizontal plane. The same ship firing dead 
astern reduces the horizontal componentofinitial 
velocity by the same amount. !"iring on the beam 
causes a velocity component across the line of 
fire In the direct ion of motion of the ship. 

If no wind is blowing, a person standing on 
deck on a n1oving ship 'kill feel an apparent wind, 
equal in force to the speed of the ship. It may 
therefore be said that a projectile fired from a 
moving ship, in still air, is opposed by an ap· 
parent wind equal in force but opposite in direc­
tion to the motion of the ship. The effect of sucll 
an opposing \\incl may be found in column 13 for 
range wind and in column 16 for cross wind. 

The relation of columns 13 through 18 may 
best be understood from the followingcxpresslon: 

Column 14 = column 15-colutnn 13, and 
Column 17 = column 18 - column 16. 

Examination of any range table for any range 
shows tha.t this rela.tion is true. (The occasional 
difference of Z or 3 yards is due to the fact that 
coltunns 14 and 17 actually are computed from 
formulas, the results plotted, and the curves 
faired.) 

DANGER SPACE AND 
HlTTING SPACE 

Colmnn 7 of the range table is composed Of 
values oi the danger space (chapter 9) for a targtt 
20 feet high and of zero depth in the line of fire. 
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In the 5"/38 range table, range 10,000 yards, 
the danger space is 18 yards, The value of llie 
danger space at this range for a target 30 feet 
high is 30/20 x 18 = 27 yards. Now if this 30-
foot target has a beam of 105 feet (35 yards) it 
is appiiU·ent that its danger space is 27 + 35 = 62 
ya1·d~. Colunlll 19 of the r ange table, headed 
''Change in height of Impact for variation of 100 
yards in sight ba1·," is the column used for 
determining hitting space (chapter 9). (Sight 
bar range is the range shown on the sight scale 
of the gun at the instant of firing.) 

To 'find the hitting space for a 20-foot target 
at range 10,000 yards, see column 19. The 
value obtained ls 112 feet; i.e., a variation in 
sight-bur range of 100 yards will move the 
point of impact 112 feet in the vertical plane 
of the target. To raise the point of impact 20 
feet (to the top of the target) the sight- bar range 

would have to be increased 1~ x 100 = 18 yards. 

This value for hitting space is the same 
as that earlier obtained for danger space. For 
most battle ranges this relationship holds; for 
the shorter ranges, however, there may be 
a considerable difference. 

Column 19 is also used in the computation 
of the correction for trunnion height <llld curva­
ture of the ear th when figuring tlie initial ballistic 
correction. (See the following section.) 

DEF!)).,TIONS OF VAHIOUS 
BALLISTIC CORRECTIONS 

~"or shipboard firings , it is necessary to 
detern1ine, or to estim'l.te, the variations from 
range- table standa1'd conditions as they exist 
at the time of firing, and to compute corrections 
for the errors caused by these variations. The 
individual corrections are smnmilrized ancl the 
result is called a ballistic correction. 

:\lost of these ballistic corrections are auto­
matically figured by the fire conti•ol con1p-~ter 
from the initial inputs. However, there are 
some initial inputs that n1ust be figured separately 
and set Into the computer prior to firing. They 
are: 

1. Arbitrary ballistic correction 
2. Correction for first salvo only 
3. In!t!al ballistic cor rec ti on 

The arbitrary ballistic correction, also called 
arbitrary correction to hit or ACTH, is de­
signed to correct for errors not otherwise 
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accounted for. The correction is developed by 
exhaustive postflring analysis or accurate data 
on ranges, target course and speed, and other 
elements in past gurmery practices. After a 11 
errors which can be accounted for (such as 
er rors in rangefinder ranges and in estimates 
of target course and speed) have been eliminated 
in these analyses, l11ere usually remains a 
certain amount of error in the point of fall 
for which no cause can be definitely assigned. 
When enough data have been obtained and ana­
lyzed to provide an accurate estimate of this 
quantity, it is used as an arbitrary ballistic 
correction. 

The correction for first salvo only may be 
necessary if the initial round fired from a gun 
has a lower I. V. , and therefore a shorter range, 
than succeeding rounds. This effect was at 
one time thought t.o be the result of the lower 
ten1perature of the bore; thus, U1e corr ection 
has frequently and erroneously hccn known as 
"coldgun correction." It is now known U111t 
the loss of velocity is caused by oil in the 
bore; thus, llie correction is needed only if the 
bore bas been cleaned and oiled since the last 
previous shot was fired. The a1n~unt of the 
correction is cleri ved from experience, us is 
the ACTH, but it must be considered and t reated 
separately, inasmuch as it is applied for the 
first salvo only and then removed. The first 
salvo correction should be used only if ex­
perience has shown it to be necessari•. 

Contemporary gun fire control systems de ­
velop autoinatically many of the inputs required 
for transmission to the gun mounts. However, 
there are some factors that must be estimated 
or figu1·ed with pencil and paper and introduced 
manually into the computer. These collectively 
constitute the init ial ballistic correction, Exactly 
what goes into the initial ballistic correction 
depen<ls on the particular fire control systems 
conce1·ncd, In most current types of gun fire 
syste1ns the initial ballistic correct ion is in­
serted as three inputs - initial velocity (I, \f,), 
initia l range spot, and initial de.flection spot. 
The next section enumerates the factors that 
go into the initial ballistic correction and ex­
plains how they are figured. Figure A2-2 shows 
a worl( sheet (filled in with fictit ious values) 
for the computation of the Initial ballist ic cor­
rection. The work sheet shows which factors 
go respectively into t>ie I. V. computation, the 
range correction (i.e., range spot) computation, 
and the deflection correction (spot) co1nputation. 
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Appendix II - BALLISTIC CALCULATIONS 

COMPUTATION OF INITIAL 
B,\ LLTSTIC CORRECTION 

In figure ,\2-23, the vttlues are representa­
tive, but are not taken from an actual firing. 
The ·lines across the top of the sheet in arkecl 
''Battel')', '' ''Exercise,'' etcq, are fo1· ide11tifi­
cation purposes. 

POWDER AND EROSION 
DATA 

In item "a" in figure A2-2 enter the t;1>e 
powder, index number, and charge weight. 

In item "b" enter the nominal velocity. Its 
value is found ln the erosion-data section of 
the range table. It should he noted that this 
entry is not always the standard veloc ity used 
to co1npute the r ange table. In son1e cases, such 
as the 5"/38 range table, the expected average· 
velocity of the gun's l ifetime is used. 

In item "c" enter the average residual ten1-
perature of the powder to be fired. 

In item "d,11 "Temperature Coefficient," is 
obtained frorn the erosion-data section of the 
range table OP 551 (3rd revision); in this ex­
ample the temperature coefficient is I. 2. 

Space is provided in item " e " for the erosion 
data of the individual guns. In this example 
the right &>un of three 5-inch twin mounts is 
used. Entries are made for the gun number, 
the "pseitdo equivalent service rounds (PESR)," 
and bore enlarge1nent or erosion-gage readings. 
The velocity loss due to erosion is determined 
by one of these values. \!;hen a gun is fired 
for the first time after star gage or bore 
erosion gage readings have been taken, the 
velocity loss is obtained directly from tables 
in the erosion data section of the range table. 
\\then star gage readings a.re avai lable us e 
the Velocity Loss vs. Bore Enlargement at 
Origin And Chitrge \\!eight Table (table A2- l ) 
for the type powder to be fired. 

\\'lien bore e ros ion gage r eadings are avail­
able, use the velocity loss vs. erosion gage 
reading and charge weight for the type powder 
to be fl red. This table is s imilar Jn construc­
tion to table A2-1. 

3The forms reproduced in figures A2-2 through 
A2-5 itre marked CONFIDEKTIAL when filled in 
with data pertaining to an actual gunnery practice, 
and must be so treated. In this case, however, 
the data used are purely hypothetical. 
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Suppose, however, the ship has fired several 
tim•~S since any erosion readings were taken 
on the gun barrel. In this event, the nun1ber 
of equ iv,>lent service rounds fired since the 
last star o-age i'eading is determined. This "' ' . number is added to the ESR determined with 
the star gage reading. This will give the best 
estin1ate of the present PESR. This value can 
then be used to obtain bore enlargement at 
t.11e origin from table A2.-2. \Vith bore enlarge-
1nent, table i\2-1 can be entered to obtain velocity 
loss clue to erosion. 

Ii the powder te1npcraturcs vary more than 
2• Fahrenheit (F) between guns, the powder 
te1nperatures are entered under the heading 
"Powder Te1np. Corr." (fig. i\2- 2). The ''eloclty 
loss for each gun is thus computed, using the 
formula in line 1 of the worksheet. If this is 
done, line 1 of the sheet is left blank. The 
velocity loss due to powder temperature is 
combined with the velocity loss due to bore 
enlargement. This sum is entered in the next 
column. The 511/38 gun does not have an erosion 
corrector in its drive. Therefore, an "ver"ge 
powder temperature is used ·in line 1 of the 
worksheet, and the average initial velocity loss 
(7 in th is case) is used in line 2 of the work­
sheet. 

ATMOSPHERIC CONDITIONS 

Item "f" is the barometer reading in inches, 
and item "g" is the temperature ft'Om the dry 
bulb thermon1eter in degrees Fahrenheit. Both 
are surface readings taken from the ship's 
instr mnents located in the ship's bridge. lte1n 
"h, 11 "Ball istic Dens ity," is left blank unless 
this information is available. 

TRUNN!OK AND CCRVATUR1£ 
DATA 

Vie will assu>ne the exercise to be a surface 
firing with the stable element controlling ele­
vation. Thus, trurmion height and earth curva­
ture corrections are necessa1·y. Item "i" is the 
average height of the gun trunnions above the 
waterline. Item ".i" is the earth's curvature for 
the range listed in table A2-3. lte1n "k" is the 
sum of items 11111 and ''j.'' 

ROTATION OF TllE 
EARTH 

This correction is omitted for guns of 5-
inch and below. 
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Appendix II - BALLISTIC CALC ULA'l'IONS 

Table A2- 2. -511/38 caliber guns )lk 12 Mod l 

BOi'.E ENJJ..RO&!.:i;.h'T AT O?.!GDI TO t~IJIV.C..U:N1' Stlf•nc:: ROIJJ(O'S 

'5!\ 0 lO ,. 30 •• 50 60 70 eo 90 
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900 .ll) .1:..4 • l l l. . ll~ . 116 .116 . l l? . ll7 . 118 .119 

1000 . 119 • 121) .1~0 .121 . 12 2 .122 • l.i!) .12) .12" .124 
1 100 . 125 . 12$ . 1~6 . 127 .127 .128 . 12a .1:(9 .129 .l)O 
l ::co . l)O . l)l . l )l . 1)2 . 1)2 .l)) , l)} ,l)) . 1)4 .1)4 
! )CO .1)5 .1,, . l)6 , l :36 .1)7 . 1)7 . 1)8 .1)8 . 1)8 .1)9 
ll.00 .1)9 . 140 . 140 ,140 . 141 . 11.1 .142 .lt.2 .l:.) .14) 

!.500 • lt.) • l41o .l4t. • l!ol. .1r..s . l4S . 146 . !lo6 .u.6 .147 
!600 .lt.7 . 147 . 148 . !1.8 .l!.9 . 149 .149 .1;0 .150 ,150 
1700 .151 .1 s1 .1;1 . l;< .15< .1;z .15) . 15) .15) . 1;1. 
lSoO . : ;\. . 1s1. . lSS .155 .155 .1;6 . lS6 . 1}6 .15? .157 
1900 .1;-r .1sa .1 s8 . 1;s .159 .159 . lS9 . 1)9 .160 . 160 

2000 .160 .161 . 161 .161 .162 . 162 .162 .162 .16) .16) 
2100 . 16) .16) .16' .161. . 164 .165 , !6S . 165 .16} .166 
2~00 . 166 .166 , l.67 . 16? .161 .167 ,168 ,l-~S • l.68- .168 
2)00 .169 .169 ,169 .169 . l 7C .170 . 170 .l?C ~171 . l?l 
2400 .171 . l?l . 11.a .l?Z .172 . 172 . l?) .l?) .173 . 17) 

2500 .174 .11:. • 1 ?t. . 1?4 .174 . l7S .17S . 17~ . 1 ?; .176 
:t"60(} .176 .176 .176 . l.77 .117 .177 . 177 , 177 .l ?S . !?$ 
2?0t'l .178 .178 .179 .179 .179 .179 .l79 ,180 ,180 .180 
2800 .100 .1ao . l.81 , !.81 ,lS l . 181 .182 , 182 .182 .182 
2900 .1$2 . 1$) .l.8) ,18) ,13) .18) . 11:14 . 181. .i84 ,184 

}000 ,184 .1as . 185 . 1e5 .185 .1as . 186 , 186 .1$6 . 186 
)lQO .186 .U6 , 18? . 187 .187 . 167 . 187 ,188 ,168 ,188 
)>00 .138 .iee . 189 , 189 .1a9 . 189 .139 .189 .190 .190 
))00 .190 .190 . 190 .191 .191 . 191 .191 .191 .191 .192 
)<00 .l92 .192 .192 .192 .192 . 19) .l9) .19) .19) . 19) 

)500 .19) .191. .194 . 194 . l9i .191. . 194 ,195 .195 .195 
)600 .is-; .195 . 195 .196 .19 .196 .196 . 196 ,196 .197 
)700 . 197 . 197 . 197 ,197 .19? . 198 .198 .198 .19s .198 
)800 .198 .198 . 199 .199 .199 .199 .199 .199 . 200 .zoo 
)900 . 200 . 200 . 200 • 20-0 ,200 .20-1 . 201 . 201 . :lOl .201 

4000 .'201 .202 . 202 . 202 .ioz •• 7.02 . 202 . 202 .20) . 20) 
J.iOO .'20) . 20) .20) • 20-) ,20) . 204 . 204 ,ZOlo ,204 . 204 
•200 . 2¢.!. .2~ "8t , 205 .20s .205 . 20S . 205 . 205 .Z06 
.:,}00 . 206 .2 .2 • 7.06 .206 .206 . 206 , 207 .207 "07 .:.r.oo .2<>1 .. ,,, . 207 . 207 • <;Q.!. .20$ . 208 .208 .208 .:cc<.~ 

4500 .:iv.a . 208 .209 , 209 , 20<) , , 09 . 209 .209 ,209 .210 
l.6CO . 210 .210 . 210 ,210 .210 .210 . 210 . 211 . 211 .211 
<700 .211 .211 .21 1 . 211 .211 :212 . 212 . 212 . 21< .212 
4800 ,'21'2 .212 . 212 . 21) . :Cl} . 21) . 21) , 21) .U} . 21) ·- .21) .21) . ?14 . 214 . 214 . 214 .2U. , 214 . 214 . 2lf. 

sooo .21> . 215 . 215 . 215 .215 . 21s .2lS . 21$ . 216 .216 
SlOO . 216 .21~ . 216 . 216 .216 . 216 . 216 ,217 . 217 -~17 
5200 .21? . 21? . 217 . 217 • .(17 . 217 . 218 , 218 ,218 .21~ 
5)00 .218 . 218 . 216 . 21$ . 21S . 219 . 219 .219 .219 .219 
5L00 .219 ,'219 . 219 .219 ,220 . 220 . 220 . 220 .220 .220 

5500 . 220 .zio . 220 .221 .n-1 . 221 .221 , 22l .22l .221 
;600 , :i!Zl . 221 . 221 ,22'2 ,222 . 222 .222 . 222 .222 .222 
HOO .z<< . ~22 . 22) ,22J .22J ,22) .22) ,223 .22) .22) 
ssoo .22) .22) . 221. • zzr. .2'24 . 221. .224 ,224 ,224 .224 
~900 • 224 .~Zl. .22j • 225 .<25 . 22s .22) ,225 .22) .22, 

Bo~~ lt.lt.:£9.:l(ln~ *~ O:lglc lD l:=hc~ 

110.124 
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PfUNCIPLES Of N,\V/\ L ORDNANCE A:-ID GUNKERY 

Table A2-3. - Curvature of earth. feet 

It. yds. 0 100 200 I 300 - ---- - - - - --
1,000 ___________ 0. 2 0. 3 0. 3 0. 4 
2,000 .... .. ..... .9 .9 I. 0 1. 1 
3,000 .. .. ....... I. 9 2. I 2. 2 2. 3 
4,000 ___ ____ ____ 3. 4 3. 6 3. s 4. 0 
s,ooo _____ ___ ___ 5 .!. 5. 6 5. 8 6. 1 
6,000 .. .. .------ 7. 8 s. 0 s. 3 &5 
7,000 - - - - - - - - - - - 10. 6 10. 9 11. 2 11. 5 
8,000. - .... ..... 13. 8 14. 1 14. 5 14. 8 
9,000. - - - - • -· .. 17. 4 17. 8 IS. 2 IS. 6 
10,000 •• .• • _____ 2 1. 5 22 22 23 
11,000 __________ 26 27 27 28 
12,000. - - - --- .. - 3 1 32 32 33 
13.000. - .. -- -- - . 36 37 38 38 
14,000 ........... 42 43 H 44 
15,000 •. - . ----. 4S •19 50 51 
16,000 •. ----. - 55 56 57 58 
17,000 __________ 62 63 64 65 
18,000 . - - - - - - . - - 70 7 1 72 73 
19,000 .... ----·· 78 79 so SI 
20,000 . - - - -- .. -- 86 87 SS 89 
21~000 ____ ____ __ 95 96 97 98 
22,000 .... --- • 104 105 106 l07 
23,000. - - - ---- -- 114 115 116 lli 
24,000 . - - - --- .. - 124 125 126 127 
2.;,000 . - . - 135 136 137 138 
26,000 ____ ______ 146 147 us 149 
27,000. - . - --- .. - 157 159 160 101 
28,000. - . . . .. 169 171 172. 173 
29,000 . -- . - --- -- 181 18~ 184 185 
30,000 •. - - - - - .. - 194 195 197 198 
3 1,000 .. - - -- ... - 207 209 2 10 211 
32,000 . - ·------ 221 222 224 225 
~3,000 . ___ ___ ,,_ 2 35 236 238 2.39 

34,000. - - - - -- - - - 249 251 252 253 
35,000 . - - . - . 264 265 267 269 
~6,000 ____ ______ 279 28 1 282 284 
37,000 __________ 295 297 298 300 
38,000. - . - --- · - - :)1 1 :)l;j ;lJ .; 317 
39,000 . - ------- 328 329 331 333 
40,000 __ __ ______ 345 ------ ------ ------
Ii. y1h:1 . -- - --- --- 0 100 200 300 

R,\::-IGE TABLE Di\T A 

The best estimate of firing range is ente red 
;1$ iter11 A in f igi.1re . .\2-3. Us ing th is r a.i1ge, take 
items B, C, D, and E from the n rnge table (fig. 
i\2-l). 
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<00 "" .. ,, I "" SOC! 000 --
0. 4 0. 5 0. 6 0. 6 0. 7 0.8 
1. z 1. 3 I. 5 I. 6 I. 7 l. s 
2. 5 2. 6 2. s 2. 9 3. 1 3. 3 
4. 2 4.4 4. 6 4. s 5. 0 5. 2 
6. 3 6. 5 6. 8 7. 0 7. 2 7 .. S 
&8 9. I 9. 4 9. 7 10. 0 10.3 

11. 8 12. I 12. 4 12. 8 13. 1 13.4 
15. 2 15. 6 15. 9 16. 3 16. 7 17. l 
J9. 0 19. 4 19. 9 20. 3 20. 7 21. l 
23 24 24 25 25 26 
28 29 29 30 30 31 
33 :H 31 35 35 36 
39 39 40 41 41 42 
45 46 46 47 47 48 
51 ;2 53 53 54 55 
58 •'9 60 6! 61 62 
66 66 67 68 69 69 
73 74 75 75 76 77 
81 82 83 84 85 85 
90 91 92 93 94 94 
99 JOO l 01 102 103 103 

108 109 110 11 1 112 JJ3 
118 119 120 121 122 123 
128 129 131 132 133 134 
139 141 142 143 l H H5 
150 152 153 154 155 156 
162 163 104 165 167 168 
li4 11.; 177 178 179 180 
186 188 189 190 192 193 
2-00 201 202 20:> 205 :IOG 
213 214 2J5 217 218 219 
226 228 229 231 232 233 
240 242 243 245 246 247 
25& 2.;1 258 259 2Gl 263 
270 272 273 275 276 277 
286 Z87 289 290 292 293 
302 303 305 307 308 309 
:) 18 31 9 321 323 32.; 326 
335 336 338 340 342 343 

-----· ----- ------- --- --- -- ---- ------
400 500 600 700 800 

110.125 

CO?YIPUTATION OF INITl/\L 
VELOCITY 

900 

Velocity loss shot1ld first be computed. Line 
1 is the error in I. V. due to a variation in powder 
temperature fronl 90° F. It should be noted that 



Appendix ii -BALLISTIC CAJ, CULA TIONS 

COtl?lDE?lTIAL 
('olhcn ~ill..: !n) v::IP.1.Sii!Zt !"OR P.?.3?;.:tn;~ Gt."S~ S'H!.E-1 L 

(Use seperaU Work3tcot for 9-ICh Sft.lvo} 

z True !'a.reet Bearing 165° 
At I,nl\t-"" ·"' F.ir' PJ..:IG£ 'l'All!E D.!j,TA 

I Go So J. P-..l!n::e Tsbl e I • V • 2'i.M :r.· 3 

t 
• Guns E:lev \'l.tion "'~ c. c Gur.: P.JJ. '"'"'9 <ll .. 
D Col~"l 10 '·• v~,,. 

~ 
! ~11-- 1 ~ • • Co!'U..or.n ~ , . • 
0 ' " Bl • • 
'" Colu::...'? li. " • 
J Co-1•.:.:-.,_ l' ' • 

T1trP.;.t J Colu:~ JO ' l"i Ft. .. Tr ue C"1 
~· . 

S-neetl • C::ilumn ti 12> !.? ? Yds 
cc Acute AnD'l• so• '- Ci:I! U!".."I lo S? • 
DD 1 v Col .. .,. < • 
~:.x -1?'le " ,.-.., . 

' ' < • 

rtl.s• ,fa ATWJSMC CO!lDITICN-S 

0 . omet~ " I~ 
N p Te•.cc:-a ture '/ J:~ ? 

u 2a!list1e frc n::;it.·T 01. .1 <J; 

' ~. "" . 
, ~ F<l'<°'<YANO !':l;OSIQ:; Di\:'JJ.. 

~ ... 
< l .\1 t ~ s i on • • •• 
s :i'e-::.~.·- , rr. c ... 111 • tant \? ~Co 

"' lilf:-a~e der om,..er't'tur~ A.Q.O F 
Sw-ta.co. \in,..er .t..lr "tind H 

~ ... ;a• ... .. . (l"ACt 
"&~ Tru~ C-ou" 'lCO• ;-., Gliw;c 
cc \*A' ' " ' ~\ 'tRiJ1'1iIOI~ AN!> CIJRV.itTtfff.£ DA.TA 
IUi Acute Ao • ~ ~"·e !'ru..11nion Hei .. ht II Cos in@ v N 

JJ Sine ' 7<'/I ~ Cunat.:re of' !t\rL ... ~ F· 
l(oS• 

~ 
~ Su:: tiJ + ("JJ !l. S Ft 

co~t.'"'J'A1':o:i or I:IIT!AL ¥E!99Jt1 y .s . 

·""· ' . j ?"\l'"r::- ?~- c •• (S \ Y ( O" "'' '" .. ~· ~ 
P.ros-:S:on I .... & f'!X C ,,._-+ { 0 

°l'OtS: l V<"lOCit•; I ii. lll ..i.. /2) ' " ,,,.. p 2fiOO 
5 .t-.'rne.cte:l I. V • , <I. J . ' ;>.;g1 
0 lte."1 ' 2'>0:'.l 
7 l . 1" . 01fferenco \ • (6) 8 1 

i.11.-:. sr.1::. 
:0:-R . ue Cott-~r: Z?l\O C)~:Ji"ATI.01\ IS P_t:CC£ 
LL e . 8 !AP.rs 
MX Aeu.te AA I• 0 • I . v. Dii'f'ercn ' 11xl!)}.,.10 +3Sl 
N!I Co3ine . 00 Q Ovri Shi~ Mot n LLlY.f!i}i\yf H'\-+- ' ' •'0 
00 Sine . 866 lo \:ind IGCJx( l l x G •10 . ,n 

" .4-:ir D'ent;i t...- ... El • lOI fo . 
ll Enter in S , .. i t ·e.."'! <l 12 .:.1 r 'l'emoer.'$t.l)ro ' PlxfP\-+-

21 E.., tt:r in r.t ! i tA-:: ... T::--,,,;."::"l ~o::-. :.'Ind Cij''t ~ l r, . 1 ql ---I " ::."lter I• • 1 as t . "' l, Ta~l!t Y.otiori 1 x' T \ .a. a 1 - " 
"or 1t~' 1 eerl E Q.JY-0\Tl!'l rnpj N "D~, ..,..~II08 - YARDS 

'" ~""' In l. as itl!e. r. l• o ... '?"l Sh Xoti " x lY.l+. ., 

~ 
( 

. 

E-• - :- ~n ·r-· J. 't.r:- · ro W":S:~d •C-'.j JJ •'" "" .... ~ .. •• } , ... .,, ; . . l ~rget ~otio-n -
Ente .. · ! .. " {lc0\;(6B)X(E!l ·'N'•(?\+li1,\ "" ~tr·- •r. I . 

' &tter ' s L n~ ••• ~. 

tor ln::l ' ; . ·- .. 
F.nte:r s· I l'l~ . "'·"- " 
~;•r in Shttet /. a~ it~-

. , 

92.4 
Figure A2-3. - \Vorkshcct for preparing Gunnery Sheet 4. 
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PRINCIPLES OF NAVAL ORDNA!\CE AND GUNNERY 

if the temperature is greater than 90° l', the 
sign Is negative (-), even though an increase 
In range results. The reason for this is not 
obvious, but a study of line 1 in comparison 
with lines 2 and 3 will clarify lt. Line 2 is 
itlways a velocity loss (s ince eros ion never 
increases T.V.), The effect of 1~ powder temper­
ature above 90°F. wi ll reduce thls loss , while 
a powder temperature below 90° F w!ll increase 
the loss. Line 3, which is the algebraic sum of 
lines 1 and 2, will therefore be of the correct 
sign U powder temperature correction is treated 
as desorlbed above. Should line S result in a 
minus sign, it would indicate a velocity gain. 
Such a case could occur with a new gun "hen 
firing powder from a magazine where the powder 
tem;lerature was above 90° F . This will rarely 
happen. 

Line 4 is the noininal velocity from item 
"b." Line 5 is the expected I. V. which is found 
by subtracting the Total Velocity Loss (line 3) 
from the Nominal Velocity {line 4) . This result 
(line 5) ls the expected initial velocity of the 
projectile, and should be set Into the computer. 

C0'.\11'UTA.TIO:-I OF RANCE 
CORRECTION 

To llegln with , the difference between the 
expected impact paint for standa1·d conditions 
and the expected impact point for existing con­
ditions ls dealt wit.li. The entry In line 6 has 
been determined from the nomogram (appendix 
2, part 2) in the range table. \Vben ballistic 
density (Item "h' ') is used, the formula in line 
6 will give the proper value of range correction 
due to density. If item "h" ls greater than 
100%, the entry is made in the " Short" column; 
if less thM 100%, the entry is made In the "Over'' 
column. Line 7 is tho range change due to 
variations of the air temperature fl·om standard. 
If the air temperature is above standard; the 
entry is made in the Short column; if below 
standard, the entry is made In the Over column. 

The trunnion height and curvature entry in 
line 8 ls always "over." Column 19 of the 
range table gl\•es the change In height of im­
pact due to a 100-yard change in range. These 
values assume the g,un ancl target are in the 
ho rizontal plane. Trunnion height and earth's 
curv1ltu1·e are the amounts the problem deviates 
fron1 the horizontal plane, Since the problen1 
is concernocl with total deviation fron1 U1e hori­
zontal, these factors can be combined. The 
formJla in llne 8 results In the number of 
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yards by which range must be Changed to com­
pensate for total deviation. 

~o compensation is made for em·th's rota­
tion in the 5"/38 battery. Therefore, line 9 
is left blank. Line 10, "Other Range l!:rrors," 
is provided for range errors which are normally 
not eneountertld. Under this hcacl1ng in the ex­
ample Is projectile weight. The r ange table 
is based on a projectile weight of 55.18 p0unds, 
however the projectile in this example weighs 
56 pounds. The formula used to calculate the 
compensation for the effect of a variation In 
project! le weight is shown In the table below. 

range table actual weight 
weight weight difference xcolumn 11 = 

55.18 56 +,82 x 26 = 21.3 

Column 11 of the range table i,>ives the 
effect on range due to a decrease in weight. 
Since In the example the projectile Is hea•ier, 
range Is increased. Therefore, 26 rather than 
- 26 Is used to compute range change. Projectiles 
heavier than standard will leave the gun at a 
lower Initial velocity, which results in a de­
crease In range. The heavier projectiles, how­
ever, have an increase in balllstic coefficient 
wh ich i·esults in an inc rease In range. At short 
ranges the cl)ru1ge in initial velocity has the 
greater effect, but at long ranges the ballistic 
coefficient has the greater effect; 

Line 11 is the algebritio sum of the range 
errors. ~ote that the column headings have 
been changed from "Over" to "Drop" and 
from "Short" to "Add." In this manner the 
errors a1-e converted to corrections. These 
are reciprocal quantities. 

The Arbitrru:y Correction To Hit (ACTH) in 
line 12 and tbc correction Cor first salvo only 
in line 13 are obtained from experience within 
U1e Individual batter y. The ACTH remains 
throughout the firing, but the value of tine 13 is 
removed after the first salvo. 

Line 14 is the algebraic sum of the range 
corrections. This value ls set Into the computer 
as a range spot. In AA fire the range correction 
is sometimes converted to an Initial velocity 
correction. When this is done the first sah-o 
correction is not i ncluded, 11nd the trunnior. 
height a11d earth curvature corrections are not 
needed. The formula. to conve 11: range correc· 
tion to Initial velocity correction ls : 

Ran1,'1! coi·rection x 10 =Initial veloclt • correction 
Column 10 ~ 



Appendix IT-BALLISTIC CALCULATIONS 

CO~IPU f 1\'l'ION OF DEFLECTIOX 
COHRECTIO:\ 

Line 15 Indicates the error In deflection 
due to earth' s rotation. As in the computation 
for range doflectlon, it Is used only In batteries 
largpr U1u11 5-inch. The error 's value and sign 
arc obtained from the range table. 

Linc lG , " Other Deflection Er1'0rs , 11 is pro­
vided fo1• deflection errors which nrc normally 
not encountered. 

The formul:l In line 17 Is used to con\'Crt 
yards to mils. Deflection is normally spotted 
in mils. Noto that the column headings ha,·e 
been changed from "Right" txi "Left" and from 
" Left" t.o " Right." i\s in r ange, we are con­
verting from the error to the correction. The 
ACTH in line 18 Is obtained from previous 
gunne r·y exercise. Line 19 is the total Cleflcction 
correction nnd is applied to the computer as a 
derlection spot. 

POSTFfRJ:\G ANALYSIS: 
GUN:\"EHY SHEET 4 

n has been said, "The best rangefinder 
is tl1e g\m," This implies that the effectiveness 
of n fir e control system is sho\\11 by the actua l 
impact point of the projectile. Postfirlng analysis 
concerns Itself with a con1parlson between the 
observed impact point and the correct theoretical 
position of the impact point. l'rom this compari­
son, consistent errors which cannot be accounted 
for are dot.ermined. ACTH in range and de­
flection Is computed from these errors. The 
most satlstuctory results are obtained when 
error- producing factor s (such as relative motion 
and h1itlal ballistic calculation) are hold to a 
minimum. The ACTH Is normally computed 
from a particular gunnery exerc ise. This exe1·­
cise, 1101·mnlly a Z- 24-G, should IJc held under 
as nearly Ideal conditions as possible. The 
battery should havo been accurately aligned, 
and the fire control system should have been 
brought to peak performance. 

Standard procedure and standard forms are 
used t.o determine the ACTH. The stnndard form 
is Gunnery Sheet 4, shown In figures A2- 4 
and A2- 5. A worksheet (fig. A2-3) is used in 
conju11ct1011 with the finished smooth &'heet 4 . 
(The worksheet is prepared locally and may vary 
from the exan1plc shown.) Obsei·vers record the 
needed lnfo1·mution available aboard ship for 
each salvo. The location of the Impact point or 
mean point of Impact (l\f Pl) is obtained from a 

spotting or photographic party, Spotting pro­
cedures were covered in chapter 9. 

Figures A2- 4 and A2- 5 show a sample prob­
lem or a sah'O from the right guns of the twin 
5" mounts of a destroyer battery, The values 
1t1 the figures are i·epresentatlvo but a1·e not 
from an 11ctual exercise. 

POSTFIUJ.)IG ANALYSIS: 
PHEPARATION OF \VORKSHEET 

A separate worksheet should be used for 
each salvo. The v;orksheet represents a com -
plete picture of the conditions thttt existed at 
the instant the salvo was fired. 

Range Table Data 

In Item A (fig. A2- 3) enter the lnltlal velocity 
for which the range table (fig. t\2-ll is com­
puted. The 5" range table (OP 551 3rd Revision} 
Is computed for 2500 foot- seconds, 

In Item B enter the gun's angle of elevation 
above the horizontal plane nt U1e time of !iring. 
When the stable element controls elevation, 
this value is obtained fro1n sight 11ngle. Since 
2000 minutes represents 1lero sight angle, we 
have subtracted 2000 from tho value of sight 
nngle In the computer. 

\Vhcn the director controls olevatlon, sight 
angle Is the angle between the LOS and the 
LOF. In this case trunnion height and earth 
curvature corrections are c..'Onvertcd to minutes 
of arc and subtracted from sight angle. This 
brings the LOS into the horizontal plane. In 
batteries which ha\'e individual erosion cor­
rectors, the settings on the corrector affect 
gun elevation. The velocity loss in foot- seconds 
is converted to minutes o! arc and subtracted 
fl'Om slg11t angle. 

Item C Is the range table value correspond­
ing to Item B. In the example, a rnnge of 10,100 
cort·esponds to an angle of elevation of 675.5 
minutes abovo the horizontal plane. 

Items 0 thro>.igh :\ are taken directly from 
the range table, using the range ln item C. 
The remainder of the worksheet Is used to 
c..'Omputo t.l\e Initial velocity, range, and de­
flection problems of the exercise. 

P03'I'FilllNG ANALYSIS: 
CO~IPUTATION OF ARBITRAHY 
conru:::cT!ON TO HIT (RANG!!:) 

The first Ii nos on Gunnery Sheet 1 (fig. A2-4) 
are for Identification purposes and in general 
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PHINC!l'LES OF NA VAL OfUJNANCE A~D GUNKERY 

are seU-explanAtory. However, the space labeled 
"Rl,;l\ 11 ls oormally used to Identify L'>e pro­
jectlle/fuzc combination and the weight of the 
combination. 

Item ''a,'' 1'Kumber of Guns,'' refers to t.he 
num~er of 1,•\111s actually fired. U, for example, 
a 6-gun sulvo was intended, but due to a casualty 
only flvo guns fired, the proper entry is s. 

ln Item " b," "Numbe r of Cold Guns," enter 
the number of guns firi ng their Initia l round 
since U1e barrel was last cleaned and oiled. 
It should be assumed that the guns were fired 
just previous to this exercise. Therefore the 
entry ls zero. 

Item "c," " Guns Fired," Identifies guns by 
turret or mount number and position in the 
turret 01· mount. The r ight guns of mounts 1, 
2, and 3 wore fired in U1is hypothetical practice, 

Items ''d,' ' 11e ,1
' 

1tf, 11 11g,'' 11h,'' a11d ''j'' 
arc obtained from the wor ksheet. It ts es sential 
that Uie sign be carried with t ransferred values. 
Item "i" ts zero in the example. (Th is correc­
tion ts always omitted for guns of 5- inch and 
smaller caliber.) 

'fhe total for items 11k,'' 11 1,'' and ''m'' is 
combined In the computations on the worksheet. 
Although the computed I. v. of 2581 foot- seconds 
would cnusc a decrease in r ange from the values 
taken f1•om a 2600 foot-second range table , it 
does cuuse an increase In the range values 
tuken ft·om the 2500 foot-second range table 
wh ich Is bclng used in com:luting values in the 
example. Therefore, the sign Is PLUS for this 
entry ol 381 yards. 

Item "o," the expected range, ls the gun range 
corrected for all known variations from stand­
ard range table conditions which affect t'1e 
projectile in flight, plus t runnion height and 
earth's curvature. It should be noted that the 
target mot lon docs not enter into this computa­
tion, bconuse the value of expected range applies 
to the point of fall of the project iles and is 
to be used ror comparison \vith U1e actual range 
to the point of fall. 

Item "P" is the navigational range at the 
instant of firing, The most accurate and care­
fully callbrated radar should be used to obtain 
this figure. 

Item " q" Is obtained from the worksheet, 
using care Jn s electing the proper sign, Since 
In the ex1lmple the target is c losing, the range 
will decreu.se during U1e time of fl ight of the 
projecti le. 

Item " r," the er ro r of ~1PI, represents the 
actual dJfference between the posltlon of U1e 

target at the instant of the fall of the projec­
tiles and the mean point of Impact of the several 
shots. >!PI was discussed ln greater detall in 
chapter 9. 

Fol' thls use in postl'iring analysis , the best 
available data on the point:; of fall of indi\,idual 
pt'Ojectlles should be us ed. \"11cn a cruuera 
party ls available , the best data is obtained 
by triangu lation of aerial photogr,1phs . OVERs 
car ry the plus (+) s ign; SHORTS carry the 
minus (- ). An arbitra.t)' value of +140 for error 
ol >IP! is used in figure A2- 4. 

Item "s" represents the actual ran,,ae to the 
point of fall of the projectiles fired. Item "t," 
therefore , represents the 0U1erw1seunaccounted­
for errors , the aver age value of which is used 
as ACTH In range. 

POSTFIHING ANALYSIS: 
CO.Ml'UTATION OF ARBITRARY 
CORRECTION TO HIT 
(DEFLECTION) 

Item "u" (fig, A2- 5) is the difference be­
tween the midpoint of the deflection scale and 
the actual scale reading. It Is the number of 
mils between the plane through the LOS and the 
plane through the LOF at U1e instilnt the gun 
was fll·ccl. The s ign is + if the scale reading 
is to the r ight of the 1nidpolnt and - If to the 
left. In the exrunple the scale i·oading was 503. 

Items ''v ,11 ''w,'' and ''x'' -47.7 1 109, and 
40 yards, respectively in th ls example - are 
taken from tile worksheet. The proper sign is 
im;iortant. 

Item "y" is similar to Item "i" and its value 
is zc1'0 In this example for the reason previously 
stated. 

Uem " z,11 , it will be noted, Includes a conver­
s ion fro111 yards to mils at the actual rru1ge. 

Item " aa," the expected deflection, consists 
of the deflection used, corrected for drift and 
those variations from s tandard r11.nge table con­
ditions which affect the project1le while it is In 
U1e air. This item serves the same pur pose 
in deflection us item "o" in range. 

Item "bb" is obtained from the worksheet. 
Item "cc" is the error of the MP! in mils, 

obtained by photo triangulation or observation. 
If the MPI is right of the ta1·got , the sign is~. 
if left -. In the example, the er1'0r of the MP! 
was 2 m!ls left, 

Item "dd" is the actual deflection of the MP! 
in m ils. It is the perpendiculur dlstru1ce (con­
verted to mils) from the vertical plane through 
the line of sight to the mean point of impact. 
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l'RfNCIPLES OF NAVAL ORDNANCE AND GUNNERY 

This item is the deflection equivalent of itetn 
1•s 1' aJ)Qve. 

Item "ee ," the ACTH in deflection, is obtained 
l))-' $LLbtJ:·a.cting item ''itiJ.' ' froln i t.e111 ''cld. 11 Like 
\tern "t" in range, it represents the e rrors 
otherwise unaccounted for. The ACTH in r<mge 
and deflection represent the two values v:hich 
are found through the processes of postfiring 
analysis. 

AIR-DENSITY NOMOGRAM: 
INSTRCCTIONS FOH C&1NG 

·1·0 ltr1de 1·st~~11d t1ov1r tl1e nomogram i s t1sed , 
refer to figure A2-6 and use the information 
given in the foll0\\1ng example : 

Darotnetrlc pressure ••••• 29, l inches 
Te1n?e1·a.tt1r e • • • • • • • so<> F. 
Range • ••.•••• ., ., • • • 8,000 yards 

Us ing a straightedge, coru1ect points 1 and 
3 of scales B and T to obtain density (point 2 
on scale DJ. 

Sitnilarly, connect points 2 and 4 of scales 
D and R to obtain change in range (point 5). 
Change in range is +210 yards in this example. 

NOTE. - The best estimate of ballistic density 
to di fferent altitudes is in very close, but not 
in exact ii.greement \Vith standard density when 
sur face conditions a.re stanclard. \\·11en surface 
density is not standard the disagreement 'is 
usually greater and is a function of surface 
densit-J and maximum ordinate. Use of this 
nomogr::.rn ;vil! not give agreement with results 
obtained fr())n column lZ of tl1e range table and 
surface observations only, but it should be a more 
accurate figure because it takes into account 
the ratio between mean measured and standard 
density for the actual maxi1num ordinate ob­
tained • 
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APPENDIX Ill 

ORDNANCE SAFETY PRECAUTIONS 

The purpose of this appen<lix is to impress 
t1pon you the need ;~nd reason for rigid nclhe l'cnce 
to safety precautions, and to point out the grave 
consequences that inay result fro1n violntion of 
these prccautlons. 

Prlnte(l precautions alone cannot prevent acci­
dents . Safe operating procedures must be ex­
plained in detail by thoise who know lo those 
who do not know. Safety is not s one-day-oul-of­
the-week event, but a daily affair that must be 
instilled by constant supervision, careful in­
struction, and adequate training. Safety is both 
the result and the reflection of good training. 
The two are inseparable. A well trained crew 
is necessarily a saf'ety-iuincled crew. 

Safety education is. economical. It has been 
shOv.'l\ beyond any doubt· that proper safety train­
ing saves untold dollars and lives. The amount 
of time and n1011ey spent for teaching safety 
totals far less than the hours and dollars lost 
in a single major accident. Safety can be taught 
In many ways. Initial training requires Instruc­
tion in the basic maintenance, opcratlo11, and 
potential danger of any weapon or explosive. 
Drills must include exercises In safety as well 
as in mechanical operation. Safety precautions 
shouJd be explained, and the reason for their 
existence and the te1'rible consequences of not 
following them must be emphaSi7.cd frequently. 
Discussions, lessons, practice, and explanations 
of safety practices must be repeated until every 
crew member Is safety conscious. 

The first section of this appendix Lists safety 
precautions especially pertinent to the junior 
officer. Because officers are particularly re­
sponsible ror the military safety program, you 
can expect to be in a position where you will 
have specific 1·esponsibilities ror safety. 

Another section gives 11ctual case histories 
that c lear ly illustrate the safety prolJlem. The 
cases included are but a few of many that 
could have been prevented. Although some or 
these cases at·e quite CJld, their value as safety 
reminders has not diminished. This section 

is abridged from OP I 014 (2nd revision), en­
titled Ordnance Safety P1·ecautions, Their Ori1,'1n 
ai;ct J\ecess!~, 111is revision {or a later 1:evlslciiiJ 
01 the OP s oulcl iJ<:l available at you.t' Cn·st duty 
station. It will be well worth your while to 
read it, as well as OP 33•1 i, United States Navy 
Ordnance Safely Precautions. 

LIST 01' SAJ'ETY PRF.CAl;TIONS 

The list of safety precautions in this section 
IS quoted fl·om the appendix of 01' 10.14 and 
irom Oi' 3317 . It io; emphasized that the follow­
ing ls ::\OT 11 complete listing of all ordnan(;e 
safety precautions . A complete listing may be 
found in OP l 014 ru1d 01' 334 i. It is Important 
to remember that observance of all safety pre­
cautions is imperative. In circumstances which 
conflict with their requirements, <)r 1f for other 
reasons changes in or additions to them are 
required, the respcmsible Navy authority must 
lJe informed. I! there is any doubt as to the 
e><act meaning of a safety prccaulion, an lnter­
pre!ation should be requested from Xav01·d . 
Conditions not covered by the safety pl'ccaulions 
1nay arise that, In the opinion of tile co1nmandlng 
officer, may render further operation of the 
equipment unsafe. Under these conditions, nothing 
in the s:Uety precautions should l>c construed 
as authorizing such fw'thcr operation. 

The following list of safety prccautio11s fre­
quently refers to the "Bureau of Naval \\'capons. " 
\\lhencver you see this reference, remember 
that this refers to what Is now the Ntlvnl Ord­
nance Systems Command and the Naval .<\. ir 
Systems Command. 

1. SAFt::TY UI>VIC loS. -Safety devices pro­
vided shall always be used as designated to 
prevent possibility of accident, and shall I!<:' 
kept in good order and operative at all times . 
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All instructions promulgated by competent au­
thor ity to insure safe operation or handling of 
equipment shall be strictly observed. 

2. S. .. fETY \VATCH !>OR :\fOVI>;G UJ\ITS. -
\Vhenever any motion of a power-driven lUllt 
is capallle of inflicting injury on personnel 
ox· material not continuously visible to the per­
son controlling such motion, the officer or petty 
offlcer who nuthori2es the unit to be moved by 
power s hall, except at A'Elneral quarters, insw·e 
that a safety watch is maintained In areas where 
such injury is possible bOth outside and inside 
the unit, and shall have telephone or other 
effective voice communication est:i.b!ished and 
maintained between the station controlling the 
unit and the safety watch. These precautions a.re 
appllcable to turrets, gun mounts, guns, di.rec­
tors. rangcfinders, searchlights, torpedo tubes, 
rocket law>Chers, and similar units . Under the 
conditions stated above, the station controlling 
shall obtain a report "all clear" from each 
safety watch before starting the unit. Each salety 
watch shall keep his assigned area clear and if 
unable to do so shall immediately report his 
Wlit fouled, and the controlling station shall 
promptly stop the unit until it is again reported 
clear. 

3. °"'ARNING SIGNALS. - In turrets and en­
closed mounts, a war ning signal shall be in­
stalled outstde the tur ret or mo\Ult; and whenever 
power train Is used, except at general quarters , 
the officer 01· potty officer i n charge of the 
tur rot or mowit shall cause warning s ignals 
to bo sounded before using power and at inter vals 
during its use . 

4. CHAJ\GI::S IN 1'1A TEHL.\.LS. - Changes, 
modlftcalions in, or additions to ordnance n1atc-
1·ial, or other 1n a.tet•ial usc<l in connection there­
with, shall not be made without explicit authority 
fl'om the bureaus (naval systems commands) 
concerned. 

5. DF.SIGNA TED US!:: OF EXPLOSIVES. -
Ko an1munltlon or explosive assembly shall be 
used in any gun or appliance :or which it is net 
dcslgnatccl. 

6. nn1LL A:VIMUNITION. -No other than 
drill an1munltlon shall be used for drill. 

7. :\A Fl!U>;C. - Except in action or when 
spectrically auU1orizcd, :intiaircralt guns shall 
not be fired nt elevations greater than, or fuze 
settings less than, those prescribed in the cur­
rent orders !or Gunnery Exercises. \Vhen firing 
antiaircraft guns as such, all personnel not 
required lo be exposed shall be kept under 
cover . 

8. SUPE!1VIS!ON. -As famlllarity with any 
work, no niatter how danger·ous, is apt to lead to 
carelessness, all persons who may supet•vise 
or perform work in connection with the ;nspec­
tion, cai·e, preparation , use, or handling of 
ammunition, or cxploslves-

(a) !:ihall exercise the utmost ca.re that 
all regulations and instructions are rigidly ob­
served. 

(b) Shall cai·eiuiiy SUJ>Cl'vise tliose lUlder 
them arid frequently warn them of the necess ity 
of using tbe utmost precaution in tile performance 
of their work. 

No relaxation oi vigilance shall ever Ile 
pe1· mi tied . 

9 . A~lill U>;JTION TRAl\-SFEn. - Except in 
case of emergency, ammunition shall not be 
transferred during fuellnv; operations. 

10. HIGH TEMPERATURE. -All ammunition, 
explosives, and powder shall be p1·01eOted from 
abnormally high temperature. If so exposed, 
they shall be handled l..n accordance with current 
instructions of the Uureau of Xaval \\leapons 
Pc1·missiblc maximum storage temperatures 
shall be prescribed by the Bureau of Naval 
\Veapons. 

11. S~!OK!:: L ESS PO \\IOC:H.- Smokeless 
powder which shows unmistakable signs of ad­
vanced decomposit ion shall be disposed or in 
accordance with current !nstructtons of the Bureau 
of :-lava! \Vcapons. 

12. HANDLING. -To minimize the risk of 
fir e, e>-'Plosion, and damage to ammw1ition and 
its containers from accldcnlal causes, ammuni ­
tion shall be handled as little :i.s 111.·act!cable. 
As the action of denting thin- cased hlgh-exptostve 
a1nmunition is known lo have cauRed detonation 
of the explosive in some instances, spec ia l care 
shall be exercised to Insure that such amn1uni­
tion is never st.ruck, dropped, or bumped. 

13. DEFECTIVE AMMUl'\!'!'lON. - Defective 
bomb type and thin-case ammunition shall be 
disposed of in accordance with current in~truc­
tions of the Bureau of Naval \Veapons. 

14. DROl'l'I>;G F'U7.l::U PROJIZCTit.E. -A 
fuzed projectile, whether In a container or not, 
if dropped from a height exceeding 5 feet shall 
be dumped overboard In a manner conforming 
"ith regulations for dumping ammunition at sea 
except when practicable to turn the projectile in 
to a ~aval Am'l'l'.lnition Depot. Such ammunition 
shall be handled with the greatest care. 

15. STRIKING F'UZED l'HOJECTILE. -Caro 
must be used to avoid tapping or otherwise 
striking fuzed projectiles. Th.is precaution is 
particularly applicable to attempts to loosen 
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such a projectile in the cartridge case by re­
peated light blows of a mallet, unloading such 
a pro)ect;tlc wedged in the bore of a gun, and 
the striking of a projectile by the recoil of a gun 
or an ejected case. 

16. S\VJTCHF.S. - The covers of switches, cir­
cuit breakers , etc . , s hall be kept seolu·ely closed 
while powder is exposed in the v ictn lty . 

17. M~GAZINES. - Magazines shall be kept 
scrupulously clean and dry at all timtis. Nothing 
shall bo stored in n1agazlnes except explosives, 
containers, and authorized magru:lnc equipment. 
Particular attention shall be paid that no oily 
rags, waste, or other foreign combustibles arc 
stored In them. 

18. :\AKED LIGHTS. - :\3.ked lights, matches, 
or other name-producing apparatus shall never be 
taken Into magazines or other spaces used pri­
mar ily as magazines while these com11nrtn1ents 
contain explosives . 

19. F.XCF.SSJVE HEAT. - Defore perfor ming 
any work which may cause either an abnormally 
high temperature or an Intense local heat in a 
m~gazlne or other compartment used primarily 
as a m:i.gazine, all explosives shall be removed 
to safe storage until normal conditions have 
been re.'!tored. 

20. TlLACK PO\l'Dl!:R. - Black powder is one 
oI the most danger ous of explosives and shall 
always be kept by itself. Only such quantities 
as will meet Immediate neccls shall be taken 
from the nu1ga?.ines . A container of black powder 
shall never be opened in a magazine nor in the 
vicinity of a container in which thtn·c is any 
cx1lloslve. 

21. AL TEHl!\G A:'liMU.\1TIOl\. -Ammunition 
shall not be altered, nor shall fu7.eS or any other 
parts be removed or disassembled without ex­
plicit lnslJ:uctions from the Rureau of :\aval 
\Veapons. 

22 . THIAL LOADING. - I.Ive a1n.-nunition 
shall lltl lo1tded Into guns for firing purposes 
only. Test 01· inspection of anlffiunltlon by fitting 
it Into guns Is prohibited, except when authorized 
by specific Instructions of the Dureau of :-lava! 
\Veapol\8. 

23. t;XCESS AM~IUNITIO.\. - Duringfiringno 
other ammunition than that immediately re­
qUlred shall be permitted to remain outside of 
the m~gazinc. 

24. ASSEMBLING CHARGES. - During gun­
nery extirclses, charges in excess of t he a1nount 
r equired to be available for one run shall not 
be iii;scmbled In the vicinity of guns mounted 
outside of tur 1•ets. l\ o charge for a bag gun shall 
be rcmovt.'<I from its tank, nor shsll lhe tops 

of tanks be removed or so loosened that the 
bags may be exposed to name until immediately 
before the charge ls required Cot· loading. 

25 . F!.A~lE - PltOOf' COMPAllTMENTS. -
\\hen either carlJ·idges or bag charges are out­
side the magazines , each flamc-ru·oof compart­
ment 01· space which fon ns a stage of the ammLmi ­
tion truln , including the magazine and gun 
compartments (In or out of turrets), shall, 
wherever practicable , be kept closed from all 
other compartments or spaces except when the 
actual passage oi amtnunltion requires it to be 
open. \\"here practicable, no flame-proof stage of 
the am "nunlUon train shall be open to both the 
preceding arad the iollowing stages at the same 
time. 

26 . POSITION OF BREECH. - The l imitiJ1g 
pos ition of the breech of the gtm on recoil s hall 
be indicated and the gun crew shall be instructed 
to keep c !ear. 

27. UNT.OAUING G lil\. -\Vhile a gun Is being 
unloaded, &II personnel not required for the un­
loading operation shall be kept at a safe distance 
from the gun. 

28. RA~IMlNG DEVICES. -Only approved 
ramming devices and mcU1ods shall be used in 
loading 11 ve cartridges . Any cnrtrldge which 
does not freely a11d fully enter the chamber of 
the j.,'lln shall be carefully extract(.'<! and put aside, 
and no fw·ther atte1npt sha ll be made to fire such 
a cnrtr idge . 

29. Ol'E:-11:-IG OF llRJ::ECtl. - Effective meas­
ures shall be taken to guard against pre1naturely 
opening the breech of a loaded gun, whether 01· 
not the gun is fitted with a salvo latch. 

30. L.OAOED GU~. - If a gun Is loaded at the 
order "ceasc-firiJ1g'' -

(a) The gun shall be kept pointed and 
trained In a safe direction . 

(b) The breech mechanism shall be kept 
fully c losed. 

(C) The gun shall no1•mally IJe cleared by 
firing as soon as p1·acticable . 

31. f'U~ F.D PROJECTILE f:-1 llOT GU:-!. - A 
loaded and fuzed projectile, seated In the bore 
of a gun that Is hot frorn previous ft.ring, presents 
a hazard, since detonation of tl10 projccli le is 
possible ns a result of being heated. \Vhenever 
practicable, such projectile should be disposed 
of promptly by firing the round. Whcthe1· a gun 
is hot 01· cold , the r is ks attendant upon 1'emoving 
a loaded and fU2ed projectile seated in the bor e 
by backing out are considered unwarrimtedexcept 
in the case of gwis for which exlsttng Instruc ­
tions specifically prescribe this procedure. 
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32. OOS'lltUCTED Lll\F. 01' l'IHE. - Shi?S 
shall cease the firing of any gun whose line of 
fire ls endangering any objects other than tl:e 
designated target. These objects Include friendly 
ships and air craft and own ship' s structu re to­
gether with the mounts and launchers and their 
barrels, fixed or n1oving. This ~tipulation applies 
to olJjeots In tho v icinity of the fir ing point, 
ttu·oughout the trajectory and In the v icinity 
of the target , Tu1•rets , mounts , g.uis , and launchers 
whic h are not firi ng, while others u.re firing, 
shall be trained and elevated IC manned, or 
secured If unn1anned, in a manner that will 
provide the greatest amount of safety from 
the firing. This position of greatest amount of 
safety of the unmanned m~unts w!ll generally 
be that position which the fi r ing cut-out meclian­
lsrn oams of the firing 1now1ts were cut to 
c letll'. 

33. AF\M EO AMJ.1UNfTION, -Since it is not 
always possible to ascertain reaclily whether 
mines, depth charges, r ockets, projector c harges, 
and aircraft bombs have been Inadvertently armed 
in storage or handling, all of these types, when 
fu1.ed or assembled with firingn1cchanisms, shall 
at all tln1es be handled and treated as if armed, 
in strict confor111ity wit..h lhe Instructions :or 
sa.fegua1•ding against the inadv<;rtent anning, 
Jil'ing, or lawK;hing of s ttch amm.u1ltlon , 

34. l\EMOVING 1"l:GES. - Fu7.CS , firing 
mechanisms, or primer 1nechanlsms for bombs , 
depth c harjl;cs , rockets, projector c hiu·ges , de­
molition outfits , or mines shall not, except as 
covered by special orders or current insL'"Uc­
tions of lhe Bureau of Naval \Veapons, be re­
moved, disassembled, repaired, or In any way 
altered. 

35. STOH!~G FUZED ORDNANCE. Bombs , 
rocket heads , and projector ch11l'ges, for which 
fuzcs a1•e issued separately, shall not be s towccl 
with those fuzcs inst11lled in 01· nea r nutgaz ines 
(!c)ntal nlng explosives. 

~6 . !:i'fORING fUZF.S. - l'uzes issued se;Ja­
r at.ely for bombs, rockets, anc.l projector charges , 
which contain integral detonators or other ex­
plosive components, shall be stored only in 
specially designated fuzc mag-azines which shall 
nol be located adjacent lo magazines containing 
high ex:plosivcs . 

3i. STOHil\G DE TONA TOl\!:i. - Detonators 
whic h "1·e not assen1blecl intcg1·a11y with fuzes 
shall be atorcd only in standanJ type de tonator 
lockers located in approved places. 

38, RE'.\10VJ~G FU7.E AR:0.1I:-1G . - Fuzc ­
arming wires or devices shall not be removed 

from the unarmed position untll just before re­
leasing or firing. Safety pins or other devices 
requiring removal before flight, or firing, shall 
not be removed until the a1nmunition has been 
loaded II\ racks, projectors, or laun<:he1·s and 
not until after the ai·111ing wire or device has 
lxicn put in place . Roinbs, mines, llepth charges, 
r ockets , or pr ojec tor charge$ not expended shall 
be made " safe" at the first opportunity in accord­
ance with current instructions for the respective 
assemblies. \Vhen handling or unarmlng an ac­
cidentally arm~d fuze, the prescribed procedure 
shall be carefully followed. 

39. EI.ECTROXIC COMPOKJ::NTS. -Electric 
ignlw1·s, primers, or detonators, electrically 
fired rocket and guided 111'.ssile m•)tors , electric 
or e lectronic ordnance fuzes , including VTfuz:es, 
s ha ll not be stowed in the same compart1nent 
with, to be exposed within five feet o f, any cx­
poi;ed elec tronic t1•1i.nsrni tting apparatus or ex­
posed antcm1a or antenna lead, except where 
such electronic apparatus or antenna is a part of 
authorized test cquipm'?nt of a weapon or is 
integral with a weapon con ta ln!ng such com­
ponents, In which event special instructions 
pertinent thereto shall apply. 

40. RECOVEH lJ\G TOHPEDO. -In recover­
ing a toq>edo in the water the propeller lock 
shall be put on at the first opportunity and kept 
on unlil the torpedo is safely landed. 

41. TOHPEDO TORCH POTS. - L.lecnuse the 
fill ing material used in lo1·riedo tor<:h pots ignites 
spontaneous ly or forms poisonous gas when 
combined with water , or subjected to 1noisture, 
extreme en.re must be taken to follow e.i<lsting 
Bureau of :-lava.I \Veapons inslructions concern­
ing the handling of torch pots . 

42. ELP.CTHlC TORPEDOES. -Tile use of 
electric tor1iedoes im,olves haz:u·ds of mechani­
cal Injuries, electrical shock or burn, acid burns, 
ancl hydrogen e~1)losion or comllus tion . Bureau 
of Naval Weapons instructions prescribe effec­
tive measw-cs to prevent acc iclenls and s hall be 
rigidly adhered lo at all time~ . 

43. PYROTP.CH~JC MA Tt::RIAL. - Pyrotech­
nic material shall always be kept by itself in 
regulai· pyrot<.>chnic storage spaces, if such axe 
provided, or in pyrotechnic lockers on upper 
decks . Tn using it, only a minimum amount shall 
be exposed. 

44, PATH OFEXHAt:ST. -Allpcrsormcl s hall 
keep olear of the possi ble exhaust p11th ofrookets 
at all times. 

45 . ROCKET MIS l'lllES, - In cnse of rocket 
m\sfire, personnel shall not approach the rocket 
for at least 1 O minutes, nor until firing circuits 
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arc known to be open. This, at the discret ion 
of the commanding officer, is not obligatory in 
time o! aotion. 

46. BLQ\VBACK. - In firing small s.rms, ma­
chine gwis, and subrnarlnc guns, whenever a 
blow-back occurs , the bore shall be examined 
for foul bore before firing another round . 

47. SMALL AR~IS. - Siifety precautions in 
Army Regulations AR- 385-63, Su.fety l{egulations 
for firing ammunition, training, ta.i·gct, and com­
bat shall apply to all s m:ill arms firing by l'avy 
or 11arlno Corps personnel. 

48. llAZA!lOQUS PHOCEDUH ES. - Officers 
or supervisors must be alert to detect any 
hazardous procedures or practices and symptoms 
of a deteriorating mental attitude, iind take 
tl1nely co1•rcctive action. 

49. INOPERATIVE SAFF.TY OF.VICES. -
Safety devices must not be bypassed nor made 
inoperative except in accordance with approved 
instructions. If they are inoperable for any reason, 
warning signs should be used to Inform ever yo"e 
of the Increased hazard . 

50. SMOKll\G. - Sm;>k:ing is not permitted in 
magazlnc11, nor In the lminedlate vicinity or 
ha.ndling or loading operations involving e:'l.-p!o­
sives or an1munition. 

51. P l·: RSONNEL Il\:;Tl:\UC't'ION. - All per ­
sonnel 1•equll·ed to handle ammunition shall be 
carefully and frequently instruc~ In the safety 
precautions, methods of handling, storage and 
the uses or all kinds of ammunition and explosive 
ordnance with which the vessel, aircraft unit, 
or station m:iy be supplied. Ko one shall be 
permllt.ed to inspect, prepare, or adjust live 
ammunition and explosives until ho thoroughly 
understands his duties, the precautions and the 
hazards involved. 

Pul'sonncl assigned to operate any ordnance 
equipment shall receive, prlo1· to commencing 
operation, a thorough indoctrination In general 
safety precaut ions applicable to ordna...>\ce and 
in the specific precautions applicable to the 
equipment they operate. Periodic drills shall 
be conducWd to provide realistic training for 
operation of ordnance equipment, and to note and 
eliminate nny unsafe practices. New Ol' inex­
perienced personnel must not be permitted to 
work independently on elq>losive ordnance of 
any ki nd, but shn.11 be under the direct and con­
tinued s upervision of ski lled and experienced 
persoMCI, until adequate experience Is acquired. 

CASl::S OF OROK_->.NCE CASt;A LTl.ES 

As stated earlier, some of the cases of 
ordnance casualties are quite old. :\1ore recent 
examples (In most cases) cannot be used be­
cause of security classification. 

l. Aboard a destroyer in :\Iny 1949, a gwi­
ner•s nintc was cleaning and chipping paint 
ol'f a 40-mlllimetcr gun mount. k'o1' some reason, 
and in violation of existing 01·ders, he rc1noved 
the cover plate from the train motor control 
switch box. Perhaps he nieant to clean it. 

Minutes later he was found on the deck, 
dead . He had been electrocuted by a circuit of 
440 volts. Artificial respitatlon was of no help. 
Actually, the switch box was part of the fire 
control circuit and the gunner's u1.1te was not 
authorized to open it . Even If ho thought he was, 
ho certainly should not have forgotten this pre­
caution issued to the ship: 

\\'hen work ls done on any cu·oult, the 
switch controlling that circuit should be 
opened and a danger sign >;eeure<.l to it. 

The danger sign should contain sufficient 
in~truclions to prevent anyone but the proper 
individual rrom l'eenergizlng lhe circuit. (l\ote 
precautions 1 and 8 .) 

2. In September 1963, a DD was moored In 
a nest with five OUs and one AD, third ship 
outboard, at Newport, R. I. During the morning, 
extensive system alignment checks were being 
conducted on the torpedo fl re control system 
in prepnratton for 3 test firing or dum111y tor­
pedoes the following clay. ·nie crew, whlch was 
heing directed by a Terpedomirn•s Mate 2, h3d 
been work Ing long hours the prcv ious week 
attempting to get the systen1 in proper wol'king 
condition for the forthcomi ng excrclfies. They 
had had trouble cleai·ing e lectrical grounds from 
the firing circuits of numbers 2 and 4 tubes . 
''- h!lc conducting tests during the previous week 
and that day, it had been necessary for them 
to remove the torpedo from each tube before 
firing an aJr slug electrically, then to reinsert 
it after firing. One of tho torpedoes (the one 
that had been in number 2 tube) was left on 
the rack behind the tube. The crew ht1d difficulty 
clearing the grolUld from number 2 tulie so 
they decided to switch thei r u£foi·ts to m1mbcr 
'1. They cor l'ect(xl the ground In number 4 tube 
but fai led lo remove the torpedo. Meanwhile, 
the ship experienced a shQn: power failure . Tb.is 
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failure did not stop the work on number 4 tube 
but did add somewhat to the existing confusion. 
Finally, aner the tube was charged with air, 
it was electrically test fired by the TM 2 (who 
forgot nitmber 4 was loaded). Result-the l!A 
torpedo, which was a warshot, wns fired against 
the s upers tructure, fran1e 81, of the DD along­
side. Dn.rna!\e to the DD was minor . The torpedo, 
however, had to be removed from service. 

The findings of the Board of Investigation 
were that: 

1 . Too firing of the torpedo from tube num­
ber 4 occurred as a result of personnel error. 

2. The temporary loss of ship's power for 
a period of one hour and ten minutes prior 
to the Incident, coupled with numerous pulling 
and r einserting of torpedoes from their tubes 
in the dayS prccecli ng the incident, were dis­
tracting influences which might have "dulled" 
the attcnlion to detail which a transmission 
check demands . (xotc precaution 8.) 

The TM 2 was wrong in what he did, but it 
appears he could have used some backup su!)er­
vision. If his leading dh,ision petty officer or his 
division officer had been on deck during this 
crucial test of the tlllJe, chances are that the 
accident would not have happened. They should 
make lt ::t point to be at the places where work 
is going on, at the right ti1ne. That way they have 
a much better chMce of catching possible trouble 
sources before it is too late . 

i\fATElllJ\L DAMAGE: Loss or one torpedo. 

3. ln 1964, a grenade fuzedetonatlonoccurred 
in an aircraft C>1rrier•s fuze magazine, which 
contained stored fuzes. (l\ote precautions J.2 and 
21.) 

Two military personnel tmterccl a fuze maga­
zine, whereupon the topic of conversation turned 
to gren,1cle throwing. One of lhe men picked up 
a grenade fuze and prcx.-eeded to demonstrate 
the hand launching method. \Vh!le going through 
the motions of hand launching, tOO grenade fuze 
activated. Realizing what had happened, a-~ attempt 
was made to kick the fuzc undc1· a storage bin. 
Detonation occurred, causing multiple w01mds, 
punctur·es, and lacerations to the two military 
personnel. Fortunately the blast was not of suf­
ficient magn itude to activate the stored rnate1'ial. 

LNJURBU: 
1\vo 

MATEl\l'\L DA:VIAGE: 
Xonc 

4. In April of 1963, at a ~aval Auxiliary 
Air Station, a fixed- fin air- launched rocket was 
inadvertently fired afte1· checkout and arming. 
An airorcwman, up0n completing a stray voltage 
check of launcher control circuits, placed tho 
selector switch on station number ono. Rockets 
were then installed and the rocket motors armed. 

\Vlthout warning, the number six position 
rocket inadvertently fired. Fortunately, a m.11-
funct!on occurred and the rockol n1otor exploded 
after only traveling about 200 yards . The only 
damage sustained was to the rocket itself plus 
a slight Injury to the left forefinger of the air­
cre\vm•in. 

11\JURED: M.A TERIAL L>A:.tAGE: 
One Kone 

5. !land grenade fuzes wci·c being stowed 
away in a small arms 1nagazirie aboard a Kavy 
vessel on :.tarch 29, 1963, when one accidentally 
exploded. 

The hand grenade ruzes were received in 
ammo container consisting of various broken 
lots. Tu•o ordnance men were In lhe process of 
stowing the shipment when an explosion occurred. 

One ordnance mall suffered severe powder 
burns of the right hand and chest, ancl run;:>uta­
tion of one digit on se<:ontl finger of the right hand. 
The olher man sustained minor powder btu•ns 
to Ills right hand, arm and chest. 

The probable cause of Lhe nccident, after 
checking the an1mw>Jtion container and the detail 
report from the two personnel, can only be 
theorized. The accident probably occurred be­
cause the pin end of the rem tining fuz~s was 
not completely spread and resulted in improper 
packaging. The improperly packaged fuze ring 
may have caught on a projection of the storage 
r·ack during storing procedures. 

INJURED: 
'1'\\'0 

MA TBRLl\L OA);l/\GE: 
None 

6. Ourlng a scheduled night training exer­
cise (In December, 1964) a Ja.i·ge multi-engined 
aircraft was scheduled to drop aircraft parachute 
flares every eight (8) seconds to properly ilhuni ­
nate the target area . Flares '.\1k 5 which would 
normally be employed were not available and 
flares ~1k 24 were substituted: although they 
were simllar, no formal publlcatlon hacl been 
rece ived by the operating activity conce1·ning 
their use. 

On the flare dropping rw1 the n.ircraft per­
som1el radioed they had cliffieulty meeting the 
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rate of drop and had experienced one or two 
instances of flare hang up In the sonobuoy 
launch chute, and ir>_slructions were requested. 
However, the operation was continued. Shortly 
after, observers saw a billianl light and burning 
in the a!Lar lower section of the 11ircraft's 
fuselage . The aircraft crashed intc the sea 
killing a ll thirteen ( l 3) persons aboard . The 
ct·ashcd 11trcr1Lft sank in deep water. Investiga­
tion showt.'d the planned tr11inilig exercise called 
for an unusually s hort interval between d1·ops, 
and no dcrtecior was provided to lessen the 
ship uir stream pressure at the sonobuoy chute 
outlet. lt Is believed that a fl;tre jammed in 
the chute and was inad,·crtently Ignited before 
it could be cleared from the aircraft. 

Kl I. LED: LOSS: 
Thktccn One airplane 

7 . After supper, a m:u"il'le who was out in 
the field on training maneuvers (March, 1964), 
took a stroll near his bivouac, nnd found an un­
exploded item of dud ordnance. Instead of m:>rk­
lng its location and reporting the !ind to his 
Commanding Officer in accordance with specific 
instructions, he picked it up and carried it into 
a nearby gun emplacement. Kone of his n1arine 
assoclutes in the field maneuvc1·s could readily 
detennlnc what it was. Soon there wai; a small 
group arou,,d the ordnance cm·toslty. When dls­
asscrnhly operations were stai·ted, Lhe resulting 
explosion k!llcd three and seriously injured two. 

This Incident was determined to lie the result 
of a violation of instructions. 

I:"IJ l.'HEO: 
'l\vo 

KIT.LED: 
Three 

~IATERIA L 
O.\~TAGE: 

None 

8. [n fleccmbe1· 1964, the miss ile racks of 
an a ircrnft were being prepared for loading. 
The po1·L and s titrboill'd mls8!lc stations were 
each cht.><:ked and the port station was found 
to be unsalisfac!-Or y, The starbO:ird st11tlon was 
found lo be operative however, and was thus 
loaded. 

During a continuity check of the port station, 
the starboard missile fired setting fire to the 
aircraft. The ensuing fire resulted in serious 
l.mrns to two personnel and complolely dest.royed 
the 11irc1·urt. 

Since the aircraft was desh·oyed, one can only 
assmue the cause of the accl<lt:nt . However, 
it can bC said that bad both lau11ohcrs been 
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clear for checkout, 
have hsppened. 

fl'(,J liHJ::D: 
'l\vo 

this accident would not 

:.\iATJ::RIAL DAMAGE: 
One all·craft lost 

9. Jn November 1964, a functional flrlng- test 
was l>clng pc1·formed on a noiu•otating vai·iab le 
tin1e fuze . In preparing the fuze for test, two 
ordnance men had overlooked a booster which 
should have been removed. The fuze thus ignited 
during lhe test and the lwo men were injured 
slthough not seriously. (Kote precaution 8 .) 

L'\Jl BE D: 
1\\'() 

'.\IA TF.RlAL DAMAGE: 
Slight 

10. In April of 1964, a 1·ange clearance oper­
ation was unuerway at a Yla1·J,,e Corp, base. 
A nt.,ster sergeant assigned Lo the operation 
came upon a !-Orching Igniter of an impacted 
dud. !le 11ttempted to extlnguish the fh1me with 
dirt and had apparently succeeded when the 
igniter exploded. The master sergcMtwas killed. 

UJ::AO: 
One 

INJURED: 
None 

~tA TF.HL>\L 
DAMAGE: 

!\one 

11. In April of 1963, two ship's personnel 
wer e c lipping Sn1.~ll arms ammu,,ition in the 
maga7.lne of a ship. As they proceeded about their 
duties , one of the men re1noved a hand grenade 
from a near by container , \Vithout further re­
gard, he pulled the pin and the grenade de!-Onated 
In his hand cnusing Injury to him and his com­
panion. 

ll\JUHJ::O: 
'l\vo 

?.iATERIAL DA:\1,\GE: 
:-<one 

12. A destroyer had just completed firing a 
pattern of fo1u- Hedgehogs on tho morning of 
19 JanunJ•y 1950. ln his hurry to reload the 
projector, a gunner's mate apparently neglected 
to remove the safety plugs from the firing 
clrcuil. 

An assembly error in the firlngolrcultcaused 
spigot contacts to be 180° out of phase. At the 
end of the ripple switch cycle, the circuit for 
.;plgot No. 12 was encrgi0<ed continuously. \Vhen 
the gu11ner•s mate placed a charge on this 
spigot, the charge fired. IL blasted the man's 
hand off up to about one- th ird of his fol'earm . 

ll'IJUREO: 1. 
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13. In 1952, on the hangar deck of 3.n alrcr:Ut 
curler, nn avialton 01'dn:uict' n1m was ordered 
to overhaul the 20-rnUlimeter g<ms o l a plane. 
He did nol c heck thoroughly to see that the 
guns were crnpty before he star ted working. 
One or the guns accidenta lly fired . Five people 
wct•e !njnt•ed, and the belly ta.1'!k of an r4i was 
O-auly damaged . 

J\.Jl'RF.l): 5 . 

14. Tn September 1949, an am)~ibious !undlni: 
demonstration was scheduled at a lru·ge ..,aste1·n 
Allunt!o por t . Thou~ands of spec tators a ttended. 
One p11rt of the 11rogram called for a demon­
strallon of demolition techniques . LI\·e e'<J>IO­
sheq were to be used against dummy obstacle:; . 
In order to simulate the burst of an antialr­
c1·:1l't projectile, tho 01·dn:mce Officer of one 
uemollt!on tt:un modified F.in~rgency (dentlfica­
tion S!i,.,,als. Their PY1·oteclu!i0 contents were 
r ernove,J, and a cha1·g'C of one-half pouncl o l TNT 
wa~ s 11 1Jstj tuled . A h;111u gren:tde detonator was 
lied or mped to the 1NT. The alterations were 
msdc without any aulhor!zalion from lhe Bureau 
of Na\·:11 \Vcapons . (:\otc pr<.'Onu!ions -~ and 5.) 

Only 5 minutes prior to the demonstration, 
the Con1mandlng Officer and the Executh·c Officer 
wc1·e told of the s11bstitution. The Ordn1111ce 
Officer , an oxperienoccl rnnn, assur ed !hem lhat 
the slp;nals had l ieen test fi1·ed an<l were safe 
for fh'lng. lie was given po1·mission to fire the 
modifl1.'d s ign.\IS. 

Two sign!llS fired satisfactari!y. The third 
mlsf!1·ed a111l was removed fron1 the projector . 
The lourth detonated within the projector, ca11slng 
it lo explode violently. A newspaper pholo­
J-\1':1phc r was s truc:k l>y a fly ing fr ag111ent and 
kil lotl lnsn~tly. Tho 01·dnance Officer, fatally 
injut•e(I, died 6 days later. Three other:; were 
hurl. 

DF.1\U: 2. 

l~ . 9 Au~ist l 950 . I h11·ing a pr imer test of :1 
3-inch rnount in a cle~troye r , a gunner'>; mnte 
second class inserted a short shell c:i~e con­
ta.inlng the primer and Oi'dercd the loader motor 
cnt?q4lzed. The gun switch w11.fi on BOTH, and 
the other gun had prt:vlously cycled. In this 
condit10n, the loader mechanism of the gur. on 
which the gunner's mate was working al~o would 
cycle. 

BiLJ,cr the gu1111~1·'s mate ' '-'as ncJt a\v:1rc of 
this fact, or he forgot ii. \l'hen the loader 
mechanism cycled, the flexible end of the p!v<>ted 

c?-.ate liner struck him a flat, jolting blow on 
tho head, dislocating and fractu.ring a cer vical 
vertebra. As a result, th<:: gunner 's mate d1cd. 

OF.AD: l. 

16. l Ju ly 1952. During a practice r un of a 
costroyer, a member of the gun crew of a 5-
incb 38- call\Jer mount, was seated on the right 
g>m captain's platform. The dght gun was not to 
be fired. Tho man's left leg was placed beneath 
the right gun sltde. At command, the mount 
elevated , tho breech of the r ight g<m desecnde<l 
and c r us hed the tnnn•s leg. It had to be amputated . 

i:\Ji.;REO: 1. 

l 7. On 21 :\ pril 1952, " hcsvy cruiser was 
en).,'<lged in a hombar<lmenl of enemy land tr oops 
o:o Korea . :\o enemy return !Ire was experienced 
during the time involved in this ca.~ualty. During 
the forenoon wttteh, turre t one fired 12 round8, 
14 from the left gun. Guns and ureooh mechanisms 
were servlcecl ~fter this firing was completed. 

:\o firing occurred during the afternoon watch . 
A:tcr this watch was relieved, shortly !Jeforo 
1600, the left and ccnler gunl:I of turret one were 
Ioad'-'d, ready to resume fire. Control of the 8-
inch 55- eallbei· ttu·r et was in PLOT wi01 spotU11g 
by a shore f'lr·c cont rol pa1·ty . At 1557, the firi ng 
circuit for the first salvo was closed by PLOT. 
The cenler gun fired; the left gun did not. 

Apparently, no one in the fire control organl­
zatior., either li>.side or outside the turret, knew 
that only the center gun had flred. Thecomniaod­
ir:g officer know, but he had no reason to think 
that anything was wron~. An open firing key, a 
s low load, or several other safe rea~ons r<Yr the 
loft gun not flt•ing could have existed. 

X o report was received from the tui-ret t.hal 
che left gun hac! not fired . T.ater actions indi­
cate that the gun crew of the left gun apparently 
lx:lie,·cd the gun had fl red. l'llc noise, added lo 
the he.i\•y vibrations of an adjacent gun firing, 
can foe>! even the tnost experienced. lt is difficult 
for the crew 11101nbt:r chaq~eu with observing 
the recoil-counterrecoil mal'ks to keep from 
involuntarily closing his eyeR as the sah'o Is 
fired. 

This would not be the first Instance in which 
a gun crew did not realize that its gun had not 
fired. Salvo btol:es were f1t·9t inst.ailed man)• 
years ago because of the clifftoulty in knowing 
wt.ether a p:trticular gun had fired in »a lvo. 

After the spot had been i·oceivcd fron1 the 
shore pnrty and applied !o the runge-keeper, the 

5·12 



Appendix 111-0RONANCI:: SAFETY PRF.CAUT!O!\"S 

control officer ordered turret one to reload the 
left nnd center guns. The order was acknowl­
edged over the fire control telephone. Further 
indication that turret pcrsoru1cl believed the left 
gun had flr~'d, no comment was made by the 
tui•tct captaip when he received orders to 111·e­
load" the left gun. This evidence presented to 
the Court of Inquiry indicates that the casu:ilty 
bad not yet occurred; the turret captain was still 
alive. 

Immediately thereafter, the con1manding offi­
cer saw "whi te and some yellowish smoke issuing 
forth frotn hrrret one " and sounded the gene ra l 
alarm. Fron1 within the turret, someone shouted 
to the safety watch outside lo open the latches. 
fn a few seconds, a second " explosion'' was 
beard. 

\\'hen rescue teams finally succeeded inopcn­
ing the hatches, a thick, choking sm:>ke pour~'<! 
out. Bodies were found piled 11gains t the hale hes. 
At the por t hatch, for example: 

11
• • • there were these people a ll wedg-ed 

In the hatch at once and we pushed them 
up. \\'e tried to pull them ou: first. \\'e 
couldn't get them out that way so we 
pushed them with our feet and they came 
back down and we pushed then1 up again 
nnd we finally got one man out. 11 

Wheii tho turret at lust was cleared, 28 men 
we re fowtci dead of sulfocatlon. Several minutes 
later, the two men still alive wi:en pulled out, 
died - without saying a word. 

Tho first fire consumed two full charge smoke­
less powder bags in the chamber of the left gun. 
The second fir e consumed one full charge bag 
in caoh of the two uppc1' hols!s . 

No one eve~ Wi ll know exactly whal happened 
at too left gun just before the first fire, or from 
then on. All the witnesses died. But from the 
conditions found within the gu.~ room and the 
hoists, It seems most probable that the breech 
of too gun was opened while a hangflre was In 
progress . 

(The possibility of a Aerious acei<lent 
due to opening the breech of a gw1 too 
soon in the case of a hangfire demands 
the constant exercise of the utmost prud­
ence and caution. . . Keep the breech 
mechattism fully closed.) 

1.'ht>sc were the contl!t!ons found: 

1. The breech plu,g was opened <tnd latched. 

2. The gas ejector control valve was clo!>cd. 
3. A projectile was sealed In tht> gun. 
-t. The tray W<tS spanned. 
5. A second projectile was on the tray, Its 

point-detonating fuse blackened by flame or 
heat. 

6. Thtlre was an accumu!Ation of burned 
powder residue in tl>.c left gun chamber. 

7. Both upper end covers of the upper powder 
hoists wertl open: the left cover was broken. 

8. The gun caplain's r~ady switch wa.s at 
~:\ l•'E. 

9. The snlvo latch was In an operating con-
ditlon . 

To determine just how the accident could 
have happened, se\'eral wsts were made. It 
was found that the firing circuit to the prlmc1· 
could lJe closed when the breech opei·ating 1ove1· 
was within less than 2 inches from its latched 
position. The rotary n1otion of the long l>recch 
operating lever closed the I i1•ing circuit oofore 
actually engaging the salvo latch. This in itse lf 
did not create a dangerous condition except as 
it affected later actions: if the gun had fired 
immediately, no casualty would have occurred. 
However, a current OrdAlt changes the arrange­
n1cnt so the lever cannot remain in this posillon. 

At the order to reload , the gun captain ap­
parently opened the br eech. (Note precaution 29.) 
In doing so, apparently the II'"" captain did not 
notice that he did not have to release the operating 
le,·er catch. He did not realize that anything was 
'>Tong until the breech plug had swung down 
and clear of the breech. If a hangfire was 111 
progress, as seems likely, the gas ejector air -
which no1'mally clears the f)Or e of w1buxned 
gases - was fanning the !Lanie . 

The gun captain must hnve tripped the Jcve1· 
to cut off the gas ejector. 1lten, either the 
intense heat of the burning powder or an in­
stinctive reaction caused him to turn away 
from the bTCCCh- at least momentarily. He 
may have been calling for the sprinkling !:iystcm 
to be turned on. 

Somehow, this or o;ome other Inadvertent 
action of the gun captain n1ust have been mis­
w1derstood by the trayn1an as a " bore c lear" 
s ignal. The tray was spanned; the situation 
becair.e hopeless. \Vith the tray spanned, it 
was impos!!lblc for L'>e gun captain to close the 
breech quickly enough to avort disaster . l'he 
partly confined powder in the gun chamber 
became fully ignited and helohed flame into the 
gun roonl . 
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Apparently a crew member actuated the foot­
pedal system following the "bor·e clear" signal 
to open or partly open the upper end covers 
of the upper powder hoists. \Vith the cars at the 
uppe1· end of the hoist, two bags of powder 
wer·e ex1iosed to burning powder grains from 
the first two charges. Roth bags were consmned 
entirely. \Vhatever oxygen was left after the 
first charges biu·ned mu-5t have been exhausted 
by the second two. The inen who died suffocated: 
they were not burned to death. 

Several safety precautions, general and spe­
cific, were involved in this tragic series of inci ­
dents. So far as is known, none of these pre­
cautions were violated intenti(Jnally. But error 
built upon error. If the same precautions are 
not observed on a similar gun, the same results 
can be expected. Only training and strict ob­
servance of every precaution can prevent such 
accidents. 

Dl!:AD: 30. 

18. During an advanced battle practice, another 
foul bore casualty was nai-rowly averted be­
cause of the action of an alert rarnn1erman. 
The rainmerman, stationed in turret fou1• of a 
battleship, had been thoroughly indoctI·inated 
with the importance of continued observance 
of the powder chamber and the screwbox as the 
load was being 1nade. 

He detected a burning fragment in the powder 
chamber as he was ramming the projectile home. 
The gun captain had not seen the fragment, and 
he s ta1ted to open the powder door. The ram­
merman immediately threw 11.is body across the 
loading tray and pushed the inco111ing powder 
bags hack into the upper handling roon1. The 
powder door was then closed, and the fragment 
was put out by the auxiliary gas ejector air jet. 

CASUALTIES: None. 

19. On J. October 1951, one 5- inch 38- caliller 
gm1 aboard a destroyer fired into another. As 
a result, 6 1nen were killed and 15 wounded. 

In the in~estigation that followed, the Com­
manding Officer• and the Gwmery Officer stated 
that they were unaware that such an acc ident 
was possible . If they had known that one gun 
could fire into the barrel of another, they would 

have-as prescribed by the gene1·aI safety pre­
e;,1ution 1\-I - issued additional precautions in­
tended to prevent such an accident. As it was, 
no warnings or precaut ions dealing with this 
hazard had been posted. 

The 11101mt captain had not complied ade­
quately with safety requirements, for he did 
not use his sight por t to obsel've the line of fire 
to insure that it was safe. The gun of lll•)Wlt 
two, the inomit hit, was trained and elevated to 
a "ready" position. In this position, the g'Wl 
biu·rel could be in the line of fire of mount one. 
Mount two wa.s not firing; it was not to fire until 
after 11101mt one had completed its firing, For 
safety, therefore, 1n0Lmt two s hould have been 
held "ready" at its nor inally secured position 
"ready," degrees train. If it had been held 
"ready, " no accident would ha1'e occurred. 

The cut- out cam is designed to prevent firing 
into fixed objects of the ship's structure, These 
include tLu-rcts, n1ounts, Iatmchers, torpedo tubes, 
and cranes in their stowed position only. Per­
sormel must see that s uch items do net en­
danger the line of fire. In this case, any one of 
several rcsponsil)le individuals - the Command­
ing Officer, the Gunnery Officer, the Control 
Officer, the inount captain, or a s afety ob­
server - could have prevented the accident. No 
in·;chanical defect existed. The failure was human. 

At the tin1e of this casualty, safety precaution 
A-52 (precaution 32 in this appendix) read: 

\Vhen using director train while firing 
at gwmery exercises, an observer from 
the firing vessel for each gun or turret 
shall cause the firing circuit to .be broken 
whenever the gun or turret is trained 
dangerously near any object other than 
the designated target . 

This precaution has been revised to its pre­
sent form , to remove any possil)!e doubt as to 
its meaning. The change was made partly as a 
result of this acc ident. 

DEAD: 6. 11\J UHED: 15. 

20. In Septeml:ier 1944 a violent blast wiped 
out a naval ammunition depot. The Chief of the 
Rurcau of Ordnance stated that the ex1)losion 
resulted from "accidentally dropping or other­
wise roughly handling a depth bomb." 

Accord ing to eyewitnesses, a depth bomb 
was being transpo1·ted on a standard two-wheeled 
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stevedore trllCk. A ppllrenlly, because of care­
lessness, the bomb fell from the truck and 
exploded. One end of the depot becan1e enveloped 
In flames . lt sp1·ead to loaded charges In lhe 
building, but enough time elapsed to allow most 
personnel to escape. /\ huge blast then took 
place, blowing up tho depot and it.s adjacenl 
facilities . (Kote precautions 8 ar-d 12.) 

DEAD: 10. lNJl:Ht:D: Over 60 . ;\lATI::RlAl. 
OAMAG E: Destruc tlon of depot. 

21. On 12 Jw1e 1952, drill p1·ojeotilcs were 
being sent up the hoist of a transporl dtu•ing 
a supply drill for 5- inch 38-caliber guns. Tbc 
projectile hoist suddenly failed. It would nol 
hoist from the handling room to the mount. 
1'hc mount captain opened the hoist and placed 
his right hand on the butt end of the projectile 
and his left hand on lhe ejector !ever. He 
proceeded to twist tho projectile in order to 
see 1I the fuze setting lugs were correctly 
engaged In the fuze pot. 

The hoist operator then said that the holsl 
n1anunl lever was stuck, at the same time 
placing hls hand on that lever. The hoist cycled. 
The index and middle finger of the mount cap­
tain's right hand were shorn off. 

A notice plate just above the door read UO 
NOT PLACE HAND IN HOIST. Instruction speci­
fied that !>O"'er must be secured boiore any 
adjustments are attempted. (Note precaution 1.) 

INJ URED: 1. 

Su~IMARY 

The following report of a Navy board elca . .-ly 
<:lXprcsse:; the lesson this ap1...,n<lix slrlves to 
emphasize: 

"It Is unquestionable that any intelligent 
action In prevention of casualties must be based 
on a thorough knowledge and understanding of 
safety precautions. All personnel concerned must 
thoroughly 1mde1·stand how and why {safety pre­
cautions) actually apply in practice, as well 
as hn\'C a knowledge of what (safety precautions) 
are. Constant vigilance must be exercised to 
assure that they are tit all times carried out 
in every detail: any violalio1\S or tendency to 
veer from this vigilant attitude must be abruptly 
checked at the time it occurs. 

Inasmuch as the safety precautions are 11-en­
crally understood by all hand!$ to be one or the 
priln·lry laws of self-preservation, cases of 
willful vlolalion of them are rare. It is, rnthor, 
ignorance of their existence and application, or 
a slacking off of their meticulous observation 
bred from an overconfidence In nonoccurrcnce 
of casualties, that causes vlolalion of them. 

There can IJC no Jaw against casualties nor 
can they lie ordered out of existence. This can 
obviously not be done wider conditions where 
the human clement ls in\•olved. However, a larp;e 
percentage of cnsualtit:S cnn be very definitely 
ar.d positively eliminated by a proper o'•erhaul, 
inspection, and test of material and by proper 
and sufficient drill or personnel in handling 
their gear. " 
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A 

AcqL1isit.ior1, t1·acki11g, attacl\. p1·ocedu1·eJ and 
target desigmttion, 272-282 

Ahead thrown weapons, definition of, 2 
Airborne sub1narine detecting systems, 130 
Aircraft armament, 345-374 

bombs, 358-367 
guns, 367-374 
rockets, 345-358 

Aircraft carrie1· in AS\V, 440 
Aircraft in AS~\!, 442 
Air-steam torpedoes, 394-397 

Mk 14 torpedo, 395 
:.Vlk 16 torpedo, 395 

Alarms, 460 
Alignment afloat, 303-310 
Alignment in drydock, 299-302 
Alternating current, 60 
Ainmunition, 115-l.26 

fuzes, 123-126 
projectiles, 120-123 
types and components of, 116-120 

Arnmunltion feed equip1nent, 138 
Ammunition transport equipment, 138 
Amplidyne servosystems, 64- 66 
Antiair warfare, 242-2fi2 

AA \V plan, 244-247 
AA \V units, 243 
shipboard AA \V weapons, 244 
steps in the ships defense process, 247-252 

Antisubmarine warfare, 415-449 
antisubma1·ine units, formations, and 

operations, 439 
AS\l\i weapons, 43<1-436 
histor ical development, 4 16-419 
fire control system lvlk 114 .• 437 
functions of the UFCS in an AS\V attack, 439 
representative underwater fire control 

systen1, 436 
sonar and other underwater target location 

syste1ns, 421-431 
soviet menace, 419 
sulnnari ne counter•measures, 431- 433 

sul>t11a1·ines: ad\:anfages ar1d disc:icl\·~tr1~'tges, 
419 

submarines and antisubmarine warfare in 
the future, 421 

Armored troop carriers (ATC), 388 
A/R- scope, 256 
.A.. $1'.'0C, 434 
Assault support patrol boat (ASPB) armament, 

385- 388 
Astor, 435 
AS\V officer, 465 
ASVv' operations, 444 
AS\'v' patrol, 446 
A SW search, 445 
A S\V shore installations, 444 
AS\1' strikes, 445 
Attack procedure, target designation, acquisition, 

and tracking, 2·72- 282 
Automatic followup system, check of, 310 

B 
Ballistics, 1 
Barrel construction and maintena nce, guns, 

142- 146 
13asic sciences for mi val ordnance and gunnery, 

27-104 
basic principles and applications of 

elect ronics, 68-90 · 
basic principles of electr icity, 56-68 
basic principles of n1echanics, 29-46 
elements of sound, 99-104 
introduction, 27-29 
principles of hydraulics, 46- 56 
principles of optics and ordnance optical 

instrmnents, 90 - 99 
Basic terms defined, 1-3 
J3attery alignment, 292-314 
Batt le announcing (MC) syste1ns, 459 
13attle bill, 455 
Battle control stations, '151-455 
Battle organization, 450 
Bench mark checking, 298 
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Bombardment and l'.aval gunfire support on 
sho1·e, 325-344 

P.om~s, aircraft, 358-367 
classification of, 362 
c<>1nponeut tiomenclatm·e, 300 
configuration, 360 
~,xplosivc and other contents, 359 
fuzes, 365 
marking and identification, 361 
safety precautions, 3 67 

Bombs, definition of, 2 
l3reech mechanisms, 133 
ll-scope, 255 

c 
Cam plottins: sheet, 313 
Chen1lcal (gas) born bs, 362 
Closed-circuit television, 462 
Coastal craft and their armament, 375-381 
Coasta l minesweeper (MSC) , 388 
Command and control boat (CCB), 388 
Comn1and control, 451 
Comnnmicat!ons and organization, 450-462 
Compensator setting, calculating, 309 
Computing devices , mechanical , 38-44 
Control units, 24 
Current Ships ;\!alntenance Program (CSMP), 471 

D 

Damage control, 453 
Data tl·ansmisslon systems, definition of, 2 
Deli.very devices, 23 

functions of, 23 
types of, 24 

Depth charges , definition of, 2 
Desigilllt\on of i\S\V forces, 447 
Designation of guns by caliber, 130-132 
Detecting devices, 19-23 

ECM, 22 
magnetic anomaly detection, 23 
optical devices, 19 
i-ad,~t· , 20 
S<lnar, 22 

Detection countermeasu1·cs, 262 
Digital devices , 81-90 
Director asstgrunont w!lh a T DS, 26:.1 -271 

f1·om target detection to target destruction, 
271 

function of a target designation, 263 
general description or a typical TDS, 265 
other units associated with the TDS, 270 
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TDS equipment at the AA \V ~tation, 2G9 
T DS equipn1ent in CIC, 2G8 

Director assii;runcnt '" ith a IVDS, 2.;J - 291 
d it·ecto1· ass ig1uncnt coltS<)le, 289-201 
general description of a \VDS, 2~5 
target selection and tracking console , 285 

Director oplics, 299 
Division officer, 46~ 

E 

F.dncation in ot'dnance and gunnery, 9 
OCS students, l 0 
tt·ai11ir1g· 011 a.cti\:e c:luty·, 10 
undergraduate training, 9 

:Electric- hydraulic servosysicms, GG 
Electricity, principle of, 56-6$ 

alternating current, 60 
arr1pliclj't1e ser \'OS.}'SLen1s , 64-66 
electric- hydraulic sct·,·osystems, 66 
n"l<>iors 1 5~ 

other control systems, 67 
power transmission , 60 
set~\•0111 echa11isrl1S, 63 
sou1·ces of electric<il energy, 57- 59 
synchros, G0-63 

Electron tubes, 68-'IG 
Elect1·onics, pt·inciples and applications, 60-90 

t.)ftsic el ect1·01)ic circui ts: ·78-81 
digital de,·ices, 81-9-0 
electron tubes, 68-75 
sem 'ico11duct<')L' devices , 75-78 

Elementary radar theory , 2~2 
Elevation check, 310 
Employment of ASw· forces, 447 
Engincc r ing control, 453 
t -scope, 256 
Evolution of naval weapons, 14- 1.7 

conclusion to historical discu~sion, 17 
fl t·e control, 16 
fuzes ;ind related devices , 15 
gtms and cthor weapons effectfv(, at a 

distance, 11 
undenvatet· '.vcapo11s 1 15 

Expiosives and related mate1·i1ds, 105- 115 
l)11sic cl~er11ist1'J' of, 107 
characteristics of, 10$ 
che1nical agents, 114 
classification of, 109-114 
demolition, 115 
initiation of, 108 
pyrotechnics, 11,1 
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F 

Fast patrol boat (PTF) armament, 378 
Fast patrol c r aft (PCF) armament, 381 
Fire bombs, 362 
Fire co1\trol computers or rangekeepers, 

definition of, 2 
Flf'c ccmtr·ol in g tm weapon systems, 181- 204 

bas ic interior ballistics, 181-185 
elements of gun fire control syst.om s, 

190-192 
obser.-ation and correction of fire, 202 
positioning and firing the gtm, 196-202 
secondary methods, 202- 204 
solving the fire control problem, 192-196 
varill.bles Jn the g lut fire control pr oblem , 

18::;-190 
Fire cont1·ol of.fleer, 465 
Fire control system Ml< 114, 437 
F'iri ng cutout mechanisms, 310-314 
Firing systems, 134- 136 
First lieutenant, 464 
5' '/ 38 gtms and mounts, 152- 163 

breech mechanism, 154 
firlog system, 157 
gas ejector ~ystem, 157 
general descr iption, 153 
hoists, 158-161 
motmt crew, 162 
1-ammer and ammmlition handling cycle, 157 
sights, 161 
training and elevating gear and power 

drives, 157 
5"/ 54 guns, 163-174 

control system, 172- 174 
5"/ 54 Mk42, 163-171 
5 "/ 54 l'vlk 42 :-.1od 9 , 171 
5''/54 .Mk 45, 172 

~·ree-falllng missiles, 365 
Fuzes , 123-126 

G 

Guided missiles, definition of, 2 
Gtm battery alignment, 292-314 

alignment afloat, 303- 310 
alignment In dr ydock, 299-302 
c•·rors and their sources, 293 
fir ing cutout mechanis ms , 310-314 
Interna l a lignment operat ions, 294- 299 
purpose, definitions, and distinctions , 292 

Gmi directors , definition of, 2 
Gun weapon systems, 180- 2.41 

elements of, 180 
gun batteries, 180 

Cire control in gun weapon systems, 181- 204 
linear- rate fire control systems, 201- 232 
other gun weapon systems, 236-241 
re lative- rate fire contr ol systems, 232- 236 

Gtms, aircr aft, 367-374 
g un pod Mk 4, 374 
20-111m ai rcl'aft g tm Mk 12, 368 

Gtms, definition of, 1 
Guns, gun uiounts, and turrets, 127-179 

common structural arrangement of naval 
gun mounts, 127-130 

designation of guns by caliber, 130-132 
5"/38 guns and mounts, 152-16.'l 
5"/M gun mount, 163-174 
introduction, 127 
gun barrel construct ion and mainten.1.nce, 

142-146 
s ignificant features of modern guns and 

mounts , 132-141 
some basic definitions, 127 
3"/ 50 r apld-ffre gu.>1s and mounts, 146-151 
turrets, 174-1·79 

Gunfire support and spotting, 315--344 
elements of spotting, 316- 320 
functions and duties of the spotter, 320-322 
methods of s potting, 322-326 
shore bombal'dment and naval gtmf!re 

s uppor t, 325-344 
Gunnery 1t1td ordnance, 1 
Guns ight aligiunent, 294-298 
Gyroscopes, 14- 46 

H 

High explosive bombs, 362 
Homing torpedoes , 397 
Hunter-killer {I!Ul<) operations, 44G 
Hydraulic p1·inciples, 46- 56 

clefln!tlons, 46 
ordna nce hydraulic mechanisms, 52-56 
simple p1:aclical appl ication, 46- 52 
system components , 47 

Ilydrefoil gwlboat (PGH) armament, 381 

Identification of or dn.-ince equipment, 6- 9 
n.<1.meplates and other means for identifying 

equipment , 8 
nomenclature and ldentifioittlon, 6 

Im age formation, 93 
Index to Ordnance Publications, OP 0, 472 
Integrated Maintenance Plan (I:i.lP), 471 
Interior ballisUcs, 181- 185 
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Interlo1· communications, 457-462 
alarms, 460 
auxiliary, supplementary, and emergency 

cll·cuits, 459 
battle anno\Ulclng (MC) systems, 459 
battle (So\Uld- powered) telephone systems, 

458 
closed-circuit television, 462 
primary circuits, 458 
signal systems, 460 
verb:i.J IC systems, 1~7 

Internal alignment operations, 294- 299 
Interpretation of r adar traces, 260 

J 

J\Ullor weapons officer, 463-181 
AS\V officer, 465 
division officer's responsibilities, 465 
effective naval leadership, 480 
fire control officer, 465 
first lieutenant, 464 
the jwtior officer, 463 
know your department, 463 
know your ship, 463 
material, 469-476 
rn !sslle officer, 465 
nuclear weapons officer, 465 
01·ganl7.ation, administration, and 

mlscell.ancous, 466-469 
organizational relationship, 464 
responsibilities, 465 
training, 476-480 

l 

Launching torpedoes, 394 
Leadei·ship, 480 
T,ight, nature of, 90 
Linear-rate fire cont1·ol systems, 204-232 

CFCS .\lk 37, 20:;-213 
Gf'CS )1k 68, 213-232 

M 

Maintenance and Material Management (3-M) 
System, 469 

Afaintenance Data Collection Subsystem 
(NIDCS), 470 

Mechanics, basic principles of, 29-46 
gyroscopes, 44-46 
mechanical computing devices, 38-44 
mechanical systems, 31-38 

;\filitary Grid Reference System, 329 
\\line countermeasures control, 453 
~lines, 402- 114 

classification, 403 
life cycle, 407 
majol' accessories, 408 
major components, 408 
mlno co1mtermeasures, 410-414 
mlnelaylng, 410 
types of minefields , 409 

:\'lines, definition of, 2 
)!lssile officer , 465 
Monitor (MON) armament, 388 
Jllotors, electric, 59 
:l!ount firing cutout mechanisms, 312 
) fultiple ship ASIV attacks, 446 

N 

Naval weapons and seapower, 1 
NavOrd rogulallons for firing cutout cams, 3l.l 
:-lcwton's 1:1ws of mot.ion, 29 
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"TDS (Xavsl Tactical Data System), 245 
:'."uclear (atomic) weapons, definition of, 2 
Xuclear weapons officer, 465 

0 

Operations control, 451 
Optics, 90-99 

elementary telescopes, 94 
image formation, 93 
nature of light, 90 
rangeflnders, 98 
reflection, 91 
1·efraction, 91- 93 
s ights, 95-98 
virtual Images, 94 

Ordnance, gunnery , and ba.lllstlcs, l 
Ordnance hydraulic mechanisms, 52-56 
Ordnance Pamoblets (0Ps), 471 
Organization and communications, 150-462 

battle control stations, 451-454 
battle organization in U.S. Ka"Y ships: 

opol'ntlonal aspects, 455-457 
fundamentals of ships organization, 130 
interior communications, 457-462 
purposes and prom ulgatlon or battle 

or!,'R ni zaUon, 450 
Or1,'llnizatlonal responsibility for ordnance, 3-6 

functions of the shipboard weapons 
department, fi 

in Department of Defense, 3 
in l\a"y Depa1·tment, 4 
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p 

Patrol air cushion vehicle (PACV), 388 
Patrol gunbo,it armament, 375-378 
Pilot Landing Aid Television (PI.<\ T), 4 61 
Planned Maintenance Subsystem (PMS), 470 
Planned Position Indicator (PPI), 253 
Powe1· transmission of e lectr lclty, 60 
P r act Ice bombs, 365 
Primary flight control, 452 
Profile ca.m mechanism, piotling, cutting, and 

insta.lllng, 312 
Pt'ojectiles, 120- 123 
Published sources of infor mation, 10-12 
.Pyrotechnics, 114 

R 

Hadar antenna alignment, 299 
Ra<Ja t', definition of, 2 
Radar Signal Pr ocessi ng Equipn1ent (RSPE), 262 
Range finders, 2, 98 
Recoil and counterrecoil systems, 136-138 
Reflection, 91 
Refraction, 91-93 
Relative- rate fire control systems, 232-236 

CFCS :1.lk 56, 233-236 
other re lative r a te systems, 238-241 

Rept·esentatlve undcrwatet· fi re contr ol system , 
436 

alta.ck console , 436 
posit ion indicator, 437 
relay transmitters, 437 
stabilization computer, 437 

Restricted weapons, definition of, 2 
Rifling, 132 
River minesweepe1·s p.IBR), 388 
Rivor patrol boat (PBR) armament, 381-385 
Riverine craft and their ar111ament, 381-388 
Rockets, 340-358 

airborne, 354-3fi8 
character ist ics, 346 
!uzcs, 353 
motor design, 347-3,;0 
rocket propulsion, 345 
warhead dosign, 350- 353 

Rockets, definition of, 2 

s 
Safety !oatures, guns, 139 
Si1fety precautions, 12 
Satterwhite system, 471 
Scientific principles for o.1.val ordnance and 

gunnery,' 27 -104 

Search radar and !FF, 253 
Sections, battle organization, 455 
Sem !conductor de••ices , 7 5- 7 8 
ServomechaniRms, 63 
Ship Armament Inventory List (SAIL), 476 
Ship control , 451 
Ships organization, 4.'JO 
Sh ip's organ izationa l bills , summary of, 468 
Shore bombarchn ent and naval gunfire support , 

325-341 
communications, 336-338 
!Ire control, 328- 336 
fundamentals, 32S- 328 
operations , 338- 344 

Sighting and fire control equipment , 140 
Sights, 95-98 
Sights, definition of, 2 
Signal systems, 460 
S!ngloship ASW attacks , 448 
Sonar and other underwater ta.rgct location 

systems, 421-431 
airborne submarine detectlng systems, 430 
representative scanning sonar, 423 -429 
sor.ar principles, 423 
specific sonar sets, 429 
1·ariab!c depth sonar (VDS), 429 

Sonar, definition of, 2 
Som1d, elements of, 99-104 

c~ar.icteristics of sound, 102 
characteristics of waves, 99-102 
sound perception, 103 
sound transmiss ion in water, 103 
wavclenb>ih, 102 

Sound-powered telephone systems, 458 
Sovlet submar ines, 419 
Special Sea and Anchor Dela.ii, 455 
Spotter functions and duties, 320-322 

genera 1 functio11S, 320 
primary ftmction, 320 
spotting in deflection, 321 
spotting in t·ange , 322 
visual estilna te of target course and speed, 

321 
Spottllig, c lements of, 316- 320 

accidental errors causing shift of :11PI, 319 
control errors, 319 
desirable pattern size, 318 
determining apparent and t1·ue mean 

dispersion, 317 
dete1mining locatio11 of Ml'!, 317 
dispe rs ion and its causes, 316 
spatting MPI to center hitting s pace, 318 

Spotthig , methods of, 322-325 
spot pyramiding, 325 
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terminology and message practice, 322-325 
wlth radar, 325 
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Stable elements O"C stable verticals, definition 
of, 2 

Structural arrangement of naval gun mounts, 
127-130 

Submarine countermeasures, 431-•134 
Submarines, 419- 421 
Submarines In ASIV, 444 
Subroc, 135 
Surfnce craft, AS\V forces, 439 
Sur face fire control systems, 236 
Synchro zeroing, 299 
Synchros, G0- 63 
System allgnment in elevation (horizon check), 

305-309 
System alignment in train (train check afloat). 

304 

T 

Tactical publications, 11 
Target designation, acquisition, tracking, and 

a!tack procedure, 272- 282 
Target detection, 252- 262 

d!Cf!cuJtles in detecting, 261 
clerncntary radar theory, 252 
fire control radar, 251 
search racl.'lr and !FF , 253 

Technleiil publlcations, 10 
Telescopes, 9'1 
3"/50 Tapid-flrc guns and mounts, 146-151 

breech mechanism, 148 
construction, 147 
gun operating cycle, 150 
loader, 148 
mount drlvos, controls, sights, and crew, 

150 
3-M tools, 474-476 
Torpedo tubes, 398-402 

submerged lubes, 400 
s urface tubes, 398 

Torpedoes, 392-394 
funcllonal elements, 393 
launching methods , 391 

Torpedoes, definition of, 2 
Tracking, attack procedure, target designation, 

and acquisition, 272- 282 

Train and elevation alignment, 301 
Train and cle,·ation mechanisn1s, 1<10 
Training, 4 76-480 

career of an enlis ted man, 477 
career of an officer, 478 
shipboard t raining , 479 
training programs, 477 
weapons exercises, 480 

Training publications, 12 
Transmission of sound in watet', 103 
Turret danger->.one cutout mechanism (cam), 311 
Turrets, 17-1- 179 

classtflcation and types. 175 
representative turrets, 175-179 
structural arrangement, 174 

u 

UFCS in an AS\V attack, 439 
Underwater ordnance, 392- 114 

air-st.cam torpedoes, 394·-397 
homing tol·pedoes, 397 
introduction to torpedoes, 392-394 
mines, 4-02-414 
torpedo tubes, 398-402 

v 

Va riable depth sonar (VOS), 420 
\'lrlual images, 94 

w 
\\"arfnre, ant\air, 242- 252 
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\\'atch, qua1·ter, and station bill, 4.'i6 
\Vavclenglh, 102 
\\'eapon system concept, 17-19 

coordination and dispet•s!on, lS 
elements of, 17 
requirements and evaluation, 17 

\l'eapon systems, definition of, 3 
'\\'eapons control, 453 
\\'eapons and project!!cs, 26 
\\'capons, shipboard AA\\', 24·1 


