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INTRODUGTORY

Last February at the request of the War College, 1 prepared
a ‘paper on Gunnery for the Student class - On reporting here nn
1 July, 1 was informed that it was desired that the paper be
brought up t» date and read to the present class. Unfortunately,
much nof the daté of recent practices had n-t been cempletely apnal.
yzed when I left the Office of Gunnery Exercises, and even the fig-
- ures then at hand are nnt available t~ me here. Crasequently, it
has been necessary to trust to my memnry in some cases, and the
paper shnuld nnt be e nsidered as taking fully intn accrunt the
1921-22 exercises. As will be appreciated by my fellow students,
i lack of time has als; prevented a really thorough revision.

When first informed that a lecture on Gunnery was desired, I
was furnished from the War Cnllege with a synhpsis nf the subje&ts
a.which sh~ld be onvered, and these remarks are arranged in accnrrd-

ance with that outline.
- The subject of gunnery is given such serinmus crnsideration at
the War Cnllege and the officers present are so familiar with it
that general discussion is guite unnecessary, and my remarks will
' be limited to a few salient prints. Althrugh numerous figures and
statisties ars purprsely avoided, as probably being uninteresting

and which are available elsewhers, certain data will be mentioned

that may be ~f value in connection with game brard scoring methods.
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There certainly has been dec1ded improvement recently 1n the
extent to which the prescribed exercises are crnducted by all class-
es of vessels. More shiips conduct 21l practices reguired for elig-
ibility for the trophies, and gunnery interests thus are well servy-
ed. On the nccasion of quite frequent vigits to the Fleet at tar—
get practice times, I have been favorably impressed with the less
straired abtitude t-ward tbesé exercises. They are not now regard-
ed as such strlklngly speclal nccasions as at one stage in our de-
velopment and the parsnnnel Seems tr~ take. it more calmly, though
none the less zealously and earnestly. It is not due %o greater
éxperience, for such condition does nct exist, but rather to the
gradual absorption of the doctrine that a ship should always be sub-
stantially ready to shang and tﬁat, after reasonable amount of final
tuning up and ad justing, it should be all in the days work to go out
on the range and fire.

I have alsao been still more favorably impressed with the much
greater dlsregard of weather conditions that new prevails. 8o long
88 the wind and sea are not trn high for the target, and the répair
bnat if required, or go long as the target is barely visible at the
long range practices, ships are expacted to fire gnd do gn willingly
and cheerfully under onnditlons that would never have been contem-
pPlated a few years agn- leewlse, I have witnessed practices rwhen
the visibility was very unfavorable, but there was no hesitancy a<-
bout firing as snop gg reasnnable safety tn the towing ship seemed
assured. The destroyers alsgn accept severe weather crnditions for

that type of craft. It is unfortunate that means cannot be devised
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to compensate in the score for such conditions, for it is highly
advantageous that ﬁur ships be traingd tn fire under unfavorable.
conditions.

In the cruiser and gunbnat classess, the conditicns under
which these vessels of very varied characteristics hnld their prac-
tices are nften necessarily so different that it is difficult tn:
devise entirely satisfactory exercises when it iis realized that so
.often specia: types of rafts or towing vessels or means. of taking
observationg would nnt be available. Nevertheless, the onnsidarf
| able. pumber of personnel attached tn these vessels must be.encnuf-
aged tn continue their gunnery interest and training, and in some
reépacts-it hes been practicable tr mndify the rules saq as to per-
mit of more fair competition. The importance of the gunnery inter-
ests of these vessels, meaning primarily their perscnnel, is fully
recognized and is nnt overlnnked in consideration of the larger
and mere spectacular features rcf gunnery for the battleships and
other vessels of mrre military characteristigs. The asuxiliary
clags nf vessels are n"w required ta hnld noly ons form »f gunnery
exercise a year - short range battle practice - and, by 'thus sim-
plifying the demands, it was hrped that the net result would be a
greater tntal amrunt of gunnery work by this class nf vessel.

It has been said that the persnnnel situation has recently af-
fected adversely the gunnery efficiency nf the Fleets. This crndi-
tion crmmenced in mnst ships during the wer, and has continued
#hrnughoﬁt fhe gervice up t~ the present time, in greater ~r lsass
degfae- The difficulty has lain both in. the inexperience ~f the

personnel in general and in the lack of permanency in assignment,
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the term personnel including both nfficers and men. The abnormal
conditions confronting; the Bureau of Navigation both in the war
and post war periods are fully recognized, and undoubtedly every-
thing pnesible has been, and is being, drne to correct the situa-
tion. Some ships have been very shorthanded, in order that a max-
imum number might be spared from the evils of going out of commis-
sion, so that the burden on the relatively few experienced officers
and men in each ship was greatly increased and changes in these de-
pleted allowanoes worked correspondingly greater hardship. However,
the worst seems now tn oaver and the prlicy has been adﬂﬁted that
a2ll ships in cﬁmmission shall have mnre nearly their full compli-
ments of personnel on brard in time ~f peace, sn that war training
may be carried mut tn the best advantage. o

. Whereas the personnel situation has had a serimus effect in
all branches of gunnery, it is perhaps in torpedn training and ex-
ercises that 1t was felt the most acutely. fThe result is that tnr-
pedn firing was at a low ebb for a time and progress was negligible,
except 1n e few isolated exercises and cases. However, trrpedo
practices were held mnre generally in 1920-21 and still mrre fre-
quently ahd Buccessfully in the year just completed. A revival of
interest in the subje¢t has ‘flowed neturally from an imprrvement in
The personnel situation and the resuitant better crndition nf the
material. The ready torpedo practices have now been resumed again,
and the ready torpedo pnlicy is mnre firmly established. A new
practice nf this character was adrpted for destroyers which offers

2 problem much m~re similar t» battle e~nditinrns, and the resultg nf
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the firing this year were in s me cases very encnuraging .

Torpedo practices  farm the greater part of the annual gunnery
schedule for submarines, and these vessels have already advanced
considerably in the varicus forms of simulated attacks. A Beard
of Officers was convened last fall tn coasider their'fnrmé nf prac-
tices, and it is believed that the requirements for the pfesent
year are more evenly balanced and will lead to further progress.
It is als~ the aim tn» bring the general principles'nn which the
gunnery exercises for submarines are founded more clnsely similar
to these for other classes of vesselé, particularly in methods of
storing, eto. |

Mhe number of torpedoes lost from various causes during the
yéar 1920-21 was great - some 110 in all, from all classas'nf ves-
sels , representlng a valua of prcbadly over $l 000 000 - and it is
becOming a serious question how this lnss can be reduced withrut
restricting unduly the number and dharacter of 9X8T01§BS crnsidered
necessary for war training. The form of target to be used is di-
rectly invnlved in this question, it being mrst desirable for va-
rinus exercises 40 empley as p*int of aim & mrderately high speed
shallow draft surface vessel under which.tnrpednes may-ba set ton
run with a safe margin. 4ihis reduces the olearness nf the trrpedn
wake and the facility of rec~very, besides incurripg a slighﬁ risk
ﬁf striking the pnrint nf aim, but nevertheless these facts must be
acoepted as part of the risk connected with any form of gunnery
exercise. Mcre suitable torpedo water is preseribed; further ef-

forts are being made to develop better methnrds of autrmatically
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showing the position of torpedoes that have made erratic ruas; and
more attention in the form of reconvery vessels is enjoined .

It was finally decided that instructicns relating S0 tnrredo
fire, from the gunnery standpoint, should be issuzd from the Cffice
of Gunnery Exercises, where the subject seems loglcally to 1lig, A
Board of Ufficers had submitted a propnged Manuel of Torpsdo Fire
frr Destroyers, which accerdingly was revised and publiskasd e the
gservice. The so-called Tentative Manual of Prrpedn Fire that was
iesued last year from the Office nf Naval Operations was also bréughn
up to date, re-edited under the title of General Principles of Tnr-
pedo Fire, and issued tn all classes nf vessels.

Mining exercises, consisting of day, night and battle mining
practices, were held last year for the Ffirst time on a competitive
~ basis, in accordance with prescribed rules. These practicesl ex-
cept the last named were tried experimentally by some mine lajers
the year before and .certain, detailaumOdified.frnm this experience.
Although in devising. them there was nnt.muoh on which to work and
although they are no doubt susceptible nf much improvement, it is
felt that a valuable start haa been made, and the results so far
are encouraging. The proficiency thus far attained in these new
exorcises may be of interest and is indicated by the fnliowing besgt
rerformances reported up to February last for the several practices,
the practices of mine sweepers nn~t being considered as they are re-
gitired to lay cnly. a -small. number of mines and do not hold battle
mining practice. On day mining practice, cne ship laid the reguired

24 mines of which 28 were effective, and on night mining practice
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another ship gnt 22.25 effectives, of the 24 laid as requirad. Thn
specifications for effectiveness nf mines rn these practices ars
rigid ‘and the resulis are crnsidered exnellent. On battle mining
practice, where the full allmwance of mines is laid unfler lsss
rigid requirements as tn effectivnnesg, cne ship laid the raouir-
ed 160 mines with 151 ei’eatives, also a very gnnd performance.
It is believed that in &% least nne instance these recards wers
improved later in the year, but the scnres are nnt now available
te me.

Depth charge practités were also prescribsd lust year for ves-
sels 80 equipped, in acenrdance with the peliecy that every portion
of a vessel's armament should be tested in the competitive prac-
tices on which her merit in gunnery for the year is determined.
This supplementary to the mnrre geheral policy that every vesssl,
of nc matter what class, having any armement nf any description on
brard, shruld be required t» use it in conducting a definite gun-
nery schedule, even though it consist only of the single most ele-
mentary form of practice in the case of the least miiitafy vessels.

The gunnery nf aircraft, both in gun firing and bomb dropping
exercises, cannot be said te have advanced materially in 1920-21,
though it is hoped that scme. improvement will be apparent when thé
final scores for the year just completed are fully analyzed and
compared. It is believed that the element nf coempetition maﬁ not
have been very effective in the past, dut tn th'e manner iﬁ which

the scores and standings were determined. A Board of Officers,
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assembled for the purpfse, submitted very helpful suggestisns for
the 1922-23 practices £rr aircrait, and the rules werse completely
revised, net only to impreove the requirements but also to nrovide
for unit, division and sguadion, in addition to individual, ccores,
along the same general lins: as apply to the cempetition for ships.
The comment thus far receiveé regarding the new system is ancourag-
ing, and it is hoped that hetter and more concre® results will be
obtained.

The War Collegp is familiar with the results nf the bombing
exercises last summer, when the ex-German ships and the ex-I0WA
were used as targets, and it seems unnecessary to dwell upon the
sound conclusiogs of the Joint Board on the results thereof Where-
as these exercises were considered of an experimental charadter, it
will be realized that, from the guunery standpoint, there was 1it-
tle that could be learned that was not already fairly well estab- -
lished by the prescribed annual bombing practices for aireraft.
The information which the ex@rcises were designed to furnish was
largely either of a material character, relating to the action of
the bombs and the effects of their explosion on different types
of vessels, nr of a tactical nature in connection with the seérch
pr-blem feature of the ex-IOWA exercise.

We are locking forward with great interest to the aircraft
torpedn practieces which will shortly be held, as- the tnfpedbes and
suitable planes are promised for next menth. After a mere elemen-
tary form of practice, it is planned o hold a&n experimental prac-

tice against a moving battleship fermation. The great prssibilities
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cf this weapon are recngnized, and we have been anxiously waiting
for the time when the material weuld rermit ~f making é start on
its development in use, under the competitive system that has pro-
duced results with other forms nf weapons .

Several important questiocng relating to the extent and char-
acter of gunnery exercises for the battleship class were sent out
to the Atlantic and Pacific Fleets frr study and comment by the ex-
perienced persnnnel. When the replies were received, a Brard was
appointed, cnnsisting of nfficers frrm the Fleet, thHe Bureau nf
Ordnance and the Office af Gunnery Exercises, to stédy them and tn
submit their own conclusions, with this onncensug of opinion from
the Fleets &s a mnst valuable guide. The variocus comments received
were mest interesting, and a number of excellent suggestions re-
sulted. It was decided that the evidence was convineing that the
sdiedule had grown gradually to an extent where some reduction was
advisable, in order that all forms nf exercige may be crnducted in
the course of a year, with-ut fvercrowding and with a2 maximum behe-
fit both in training and from the practices themselves. Means were
therefrre reccmmended, by combining certain practices, whereby this
may be accomplished, and it is hrped that the results will he ac-
ceptable.

The best manner in which awards Ter zunnery excelilence shruld
be made, whether by prize meney alone nr by combining with it a
system nf extra compensaticn similar He the gun p~inter money, was
elso grnsidered by the service. In this way, 8 genseral Teview nf
the whnle gunnery situation was held, which is believed t» be ad-

visable from time tr time, and the attention of many officers that
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has thus been drewn to this taking crunt ~f stnek in gunnery mat-
ters cannot fail to be f assistence in the leng run-

The restrictions p;aced nn the nperatiens of the Fleets due
to the lack nf sufficient fuel precuratle under last year's ap-
propriation limited the émnunt nf gunnery training that could be
conduoted underway, which is f course the most important means
nf developing efficiency. It is a matter of gratification that
1t was decided tn be pessible to conduct the required practices
by the active units, but it can bte stated with cerftainty that the
inability of vessels to be at sea the desired amaunt throughout the
year had a direct and harmful effect on gunnery efficiency. The
gunnery activity of the destroyers opersting with 50 percent com-
plements, and nf vessels in reserve was practically at a standstill,

because nf the fuel gituation.

IZPERIMENTAL, FTRINGS.

A pumber of experimental exercises by several types of vessels
have been carried 5ut or are planned for the future. Falling under
this category may be included modifications of somb of the prescrib-
ed non-weighted practices that were authnrized for the purpoge of
develnping special peints.

Prominent among these exercises are the experimenﬁai'tnrpedn
practices conducted in the last twn years by the active destroyers
in the AXlantic and Pacific: The form prescribed frr this year
was designed_tﬂ simulate & supported and coordinated attack by a

squadron of destroyers, using smoke, upon a formation of capital
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has thus been drawn tn this taking count nf stnck in gunnery mat-
ters cannot fail to be nf assisiasnce in the lrng run.

The restrictions placed on the operations of the Fleets due
to the lack nf sufficient fuel prosurable under last year's ap-
propriation limited the amnunt of gunnery training that could bs
coenducted underway, which is ~f course the most impertant means
of developing efficiency. It is a metter of gratification that
it was decided tn be possible to conduct the reguired practices
by the ective units, but it can be'statéd With certainty that the
inability of vessels to be at sea the desired amnrunt throughout the
year had a direct and harmful effect on gunnery efficiency. The
gunnery activity of the destroyers operating with 50 percent com-
plements, and of vessels in reserve was practically at a standstill,

because nf the fuel situation.

IXPERINENTAL FIRINGS.

A number of experimehtal exercises by several types of vessels
have been carried out or are rlanned for the future. Falling under
this category may ve included mndificatioﬁs nf some of the prescrib-
ed non-weighted practices that were authnrized for the purpose of
develrping special prints.

Prominent among thesa exercises are the experimental tnrpedn
practices conducted in the last twn years by the active destroyers
in the AXlantic and Pacific. The formg prescribed far this year
was designed to simulate a supported and conrdinated attack by a

squadron of destroyers, using smoke, upon a formation of capital
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ships. Hach destroyer, except the leader was allowed %o fire thrss
torpedoes, and a total of fifty feur torpedorss would thes have been
lavnched nearly simultaneously. Light forces were represerted ani
the capital ships were free t» maneuver within certain limits sn

as vo avnid the torpednss if prssible. Gun fire between the NT.=
pesirg battle lines was t- he simulated, and elaborate date and
records required for the purpose nf studying the tactical as well
as the gunnery side of the question.

Unfortunately, due tn lack of sufficient réconvery vessels and
for other reasons, it was deemed advisable in the Atlantic to fire
torpedoes frrm only two divisions, whereas in the Pacific it is
understnod that only one division fired, as was the requirement in
the preceding year. No report has yet-becn received from the Pa-
cific Fleet, but the practice in the Atlantic brought out some in-
teresting points. Although the destroyers.prnceeded to a position
that in action would have subjected them to probably nverwhelming
gun fire, as the smoke screen used did not well mask them froem ths
npposing battle line, the attack resulted in four hits on battle-
ship hulls nut of 33 torpedoes ectually fired, in spite of the fact
that the battleships turned away through 50°. Exercises of this
nature are particularly valuable, and a great deal remains tn be
learned about the tactics and technique nf such an attack and the
best means of countering it.

As the next step frllowing the squadrnn practice crnducted by
seven battleships of the Pacific Fleet in the spring nf 1921, it

wag planned to hnld a battleship frrce practice this winter, when
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15 or 16 vessels would engags simultanenusly a tow of 10 tergetd
rafts during the period when the Fleets wers expected tn vnite ir
the Canal Zone. All preparations were made, a §paci§i towing haw.
ser manufactured %o permit of towing the large number of rzf%is, ani]
it wvas a bitter disappoinfmens when the shortage of fuel razessi-
tafed a change in the plans of the Fleets.

However, eleven battleships in the Pacific conducted 2 mrst
valuable squadron practice this Spring, using eight targets, and
with a change in fire distribution and a shift to pointer fire in.
troduced during the firing- Unforturately, as described later, air.-
ocraft ohbservations of fall of shot were available to only abmt
half the ships, but as this practice is fired with reduvced rharges
and conquyently at relatiwely short actual range this 'misfartuns
did not particularly affect the gunnery features, though the lost
chanée for experience with the aircraft spotting d-ctrine is grent-
1y regretted. Alsc the air planes designated for taking photograrhe
of the fall of shot failed tn arrive on the gcene, 80 that the tri-
angulation pictures from the towing ship wére the only means of
plotting the fall of shnt, which are -inadequate fnr sn leng 8 toy
Congequenfly the results could not be determined with the usuzl ac-
curacy and at least 17 salvoes could n-~t be plritted at 8ll. From
the salvoes plotted, it appears that thers were 108 hits in ths
eight constructive targets, or approximately 12% of the 902 shots
actually fired; As there may kave heen a@gitional hits in *he un-
vlotted salvoes, it is considered that this result is VeYry encoi-

aging. As a particular feature of interest in this practice.in-
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volving concentration of fire and a shift of fire distribution, it

igs to be n~ted that the average shots per.gun per minute for the
whole squadrnn reached the guite hiéh figure of 1.2%, thrugh of
course the range was less than for the lrag range battle practices.
In 1921, the average range on the cnrresponding practice was about
10,700 yards and it probably was abrut the same this year, though
the exact figure is not available t~ me now.

Eléboraté invéstigatinns, with numer~us experimental firings,
have been recently conducted in the Pacific Fleet tn develop the
best dnctriné for the control of fire of illuminating projectiles,
‘both for illumination of a target and for searching, and from both
battleships and destroyers. _Much valnable data has been collected
and certain apparently very sound conclusions have been reached that
fortunately lead to the strong belief that the problem is not as
difficult in soe respects as has beegn suspected in the rast. It
is felt that great progress has been made in this phase of gunnery
and that a well established doctrine for control of fire nf illumi-
nating projectiles is clearly in sight. The results. of the night
battle practice by the Fleets are enqnuraging, and are believed to
be due probably o mare efficient illuminaticn.

Also the Pacific Fleet has been engaged in much experimental
firing, study, and investigatioﬁ, in a determined -effrrt tn grlve
the still mnre.trnublesnme and difficult problém of the control of
anti-aircrait batteries. In this respect, little progress had here-
tofrre been made, and ~ frankly —~ the lack of effectiveness of fire
of these batteries is a source of grave conncern. The fact that we

have had no targets that can simulate to any satisfactnry degree
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the condition to be met in war has gone far to hnld back develop--
ment of this battery. This situation has been impreved materially:
8 successful glider target has been developed; numerous parachuteg
have been made available; investigatirn and experimentation teoward
an automatic or radie controlled airplane target are in pregress;
and'above all expériments have prnved the practicability of trwing
by aircraft a sleeve as a target for gun fire of ships.- The un-
availability of an airship from which to launch the gliders, which
cannot in safety be carried aloft by heavier-than-air-craft now
available, has been an unfortunate handicap, but onnfidence is felt
that important coneclusions will socn be reached regarding the best
method of controlling the fire of amti-aircraft batteries. The prch.
lem is regarded as rne of the most serirus nrw c~nfronting the ser-
vice and much effort is being concentrated on the subject. The in-
adequacy of the anti-mircraft betteries was recognized and the num-
ber of such guns on battleships has been increased to eight, while
the development of the short S5-inch A A gun is being expedited.

The form 4f long range battle practice prescribed f£~r at least
one division nf destrnyers in each squadr~n, in which the system
of massed fire was used, with observations frem aireraft, if avail--
able, and with divisional control, was very instructive and gives
promige of further useful development. The fire nf all ships on
one target was controlled by one ship, from which range and deflec-
tion was transmitted to the others, and the fire of the entire di. '
vision was shifted.to g2 second target during the exercise. The

British came to much this same principle of fire control in their
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destroyer division during the latter pért of the war, and thers iy
miich to be said in its favor, but it is necegsary to acquire eddi--
tioral data of exercises conducted in this manner befre any scund
QOncJusions cruld be‘established- The fact that many destroyers

for & long time could not be equipped with the director system has
held back the development of gun fire in destroyers, but the instal-
lations, as far as authorized, are now nearly completed and will
progeed es fast as funds permit.

An experimental practice was cnrnducted tast summer by a de=-
stroyer to test the efficiency ~f a trrpedo salve plan designed %o
meet the condition of such a vessel crming suddenly up~n an enemy.
reasocnably olese aboard, at night or in 1low visibilityj\yheg;time
would nnt permit of any tracking or estimate of enemy ceurss and
speed: This is one of the very impertant contingencies which de-
stroyers must be prepared to meet. The exercise developed certain
weaknesses in the salvo plan under test, & new one was prepared, .ard
it will be tested on one of the advanced practices prescribsd. for
destroyers this year.

A torpedo pradtice has been worked up for submsrines f-r this
year in which the firing vessel will resort wh"lly_to the listening
device equipment for chtaining necessary data for trrpedn fire re-
garding the bearing, speed and course of target. Development of -
this £rrm of attack is very important, and the elementary exercise
laid out for this year will lead, it is hoped, t~ g mrre advanced
practice with the torpedo launched from the submarine submerged to

about sixty feet, if certein experiments t» ensure that torpednes
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can be fired with sufficient reliability under such crndsti~ur
prove satisfactrry.

An interesting exercise was conducted last Svring by the
Florida in which hombardment cperations of unseen shore defenses
were simulated. The ghip steamed on redical zig zag cerurses, with
an apprnximate cruntermarch at the end o~f the first leg, as would
be necessary to reduce the effeetiveness nf shere fire nr tn avoid
& submarine menace. It was intended tn nrbgcure the target entirely
with a smoke screen, leaving visibile only a reference print, but
suitable vessels for the purpose were not available. However, pre-
cautions were taken to ensure that no advantage was taken of the
visibility-nf the target, and the practice was conducted wholly as
if by iadirect fire. It had been hoped that air oraft would be &
 vailable 1o report the satimated fell of shot but this waé'also nng
pfactioablé, and their presence was simulated by the receipt nf
Bpots from observing vessels. The exercise was a severe test of
the fire control équipmént particularly of the Frrd rangé kesper.
The results were entirely satisfactory and proved that the bearing
nf the target could be frllowed with very considerable accuracy by
autometic means, even in spite of.the radical changes of crurse ang
speedIOf the firing ship. With the imprrved equipment insfalled ir
later ships, the results would have been even mrre encoruraging.

Advantage was teken of the availability as targets of nine Sube
madines of the & and B classes at Cavite fto chnduct certain experi-
mental ﬁractices by the Destroyer Squadrom, Asiatic Fleet. An al-

lowance of ammunition was obtained frr the purpese, and certain
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general requirements laid dowa, bud the details of the ezerzises
were left to the discretion of the Crmmander-in-Chief. 411 +tue
submarines were sunk and the reprrts indicated that mudn valuable
experience wasd thus gained.

| The main purpose for which the ex-IOWA was converted to radin
conirel was t~ furnish a iarge, self propelled, ship target f-~r the
gunfire of a capital ship. It is most unfrrtunate %hat these ex-
ercises have been repeatedly delayed by a successinn of regretable
incident, for valhable lessons are awaiting the service. However,
it is hoped that they surely will be held during ‘the present year.

These exercises as dew laid down are divided into four ﬁhases-
The first will exercise the gsecrndary battefy in engaging the ex-
I0WA steaming at her best epeed, with her crurse and  that of the
firing ship 80 regulated that the maximum rate of change of range
may be nbtained, censistent with keeping the guns ~f ~ne brradside
bearing. It is believed that mﬁre'satisfactnry conclusirns regard
ing the z~ne crntrnl of fire ﬁill be established frem this test nf
present methnds, and é-check will'be obtained as to the flexibility
nf cur fire contrnl system and installeticns tn meet a.m\re diffi-
cult condition than has been p-ssible with towed, anchrred, rr drii’
ing targets.

The next phase will be mein battery fire opened at maximﬁm
range and directed against the ex-IUWA, while the two vessels are
steaming on courses to give a gnrd rate of change and with tﬁe ex-
IOWA maneuvering by radical changés of course, toward or aﬁay from
the firing vessel, whenever straddled by gun fire.- This will pre-

sent a sgvere test of main battery centrnl, and give needed data on



b
C
Q

|
|

[(v}
I
na
) b

—20=

the reduction in effectiveness nf fire that can be caused by radil
cal maneuvers of target vessel. The third exercise is desighed to
test the ability to keep main battery fire on a vessel executing

a8 countermarch, and is an extension of the second phase frr much.
the same purp"ses. A liberal amrunt »f ammunition is provided, and
by using half nr reduced salveres it is believed that the fire can
be ceontinued on each pPortien for a sufficient length of time to
lead to gound conclusions, thus eliminating the nféen expressed
eriticism of the inconclusiveness of target practice because nf the
limited ammunition allowance.

If the target survives theme threes tests, the final phase will
consist of a night attack upon her under difficult cnnditions with
the secondary battery of the firing ship. This is desirable not
only %0 better visualize the proulam of a night engagement of thie
battery, rarticularly in regard to the identification of hits nrn'a
large material target and the added difficulty of sprtting when
overs I8y not be seen, but also tn test mrut the dnctrine of contrel
of illuminating Projectiles recently the subject of investigation
in the Pacifiec Fleet, when an actual ship under fire is the nb ject
to be 111uminated-

It is problematic, of course, how long the ship may survive
the damage to be expected frrm this considerable amount of gun fire,
and derangement of her motive pﬂwer Ar control gear isg naturally a
grave source of apprehension. Whereas of crurse it ig hoped that a
high degree of effectiveness nf fire may be demonstrated; it alge
is equally asg earnestly desired that the hits may be in luckyposi-

ticns and that the exercises can he ccmpleted. They constitute by
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far the most advanced frrm of experimental practice that hava ever
been attempted, and sh~uld be exceedirgly interesting apnd inguvruc-
tive.

Four nther ferms of advanced practiceé for certain of the
battleships have been prescribed for this ysar. In one 'of these,
one of tte 30" elevation ships will fire at extreme renfe, using
aircraft observations. It is expeoted that an opening range of at
least 33,000 yards will be used, &t which the target will be invis-
ihlg except from the tops, and it is heped that some data may be
forth ooming as to when a naval engagement may adventageously be
opened, though the crnditions must necessarily be simple on this
gxercise.

In annther, a division of ships will exercise their secrndary
battery centrol in conrdinated fire against a target partially, ~r
intermittently, obscured by smnrke. A prnject has been started to
obtain a radic contrnlled destroyer for use in enlarging this ex-
ercise to permit of a greater rate of change of range. The vital
question of the ability of capital ships to stand off a determined
destroyer attack still remains very unsettled, apd these exercises
will safve tn clear it up to some extent. ;

The third exexrcise will test the new fire contrel equipment
in the control of main battery fire during a countermarch of the
firing ship, énd the frurth nne is designed to give informetion as
to the results that may be expected from the fire of one grrup of
turrets, contrnlled entirely frem the high turret, with all elec-
tric power from external snurces off in the firing turrets and with
all external lines of communication considered cut, except tn pint

ting T "m.
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From these numerous experimantal or advenc3d exersisss, i
will be noted that gunnery also ié prozressiag in the scope ernd
character of the prescribed practices. Much remains to be dons,
sme problems as yet have hardly been started, duit the prespects
for the future are enanvreging, and naw, since the limitation ef
armament ftreaty, it is more Lhan ever important to develop gunnery

efficiency to the utmost.

FIRE CONTROL IN PATTLE.

With regard to fire control in battle it cannnt be said that
the past year brought forth any particular new developments, thougl
considerable progress was made in cnordinating nbservations from
airoraft, the personnel became more familiar with the ships ingtal-
lations, minor improvements were constantly in progress, and work
crntinued in the development of new devices such as the stable
zenith, erosion correctors for l4-inch guhs, tube directorscopes
and follow-the-pointer system in train for trrpedo tubes on destroy-
ers, etc. |

A great disadvantage in the directrr systems as now installed
lies in the fact that they are not self-synchr~nous apnd that there-
fore shift cannot be made from one directorscope tn another with-
out incurring the loss of time of syncbrnnizing the entire system
by an elabnrate system of checks, which at best would introduce a
grave risk of inaccuracy in the stress nf battle. The MARYLAND iQ
now being fitted with the first delivery nf the new General Elect®io

director system which is automatically self—synchrnnnus; much sim-
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pler of adjustment and in many ways a great improvement over the
former designs. This system is held highly eonfidential and if
not to be discussed outside the service; it is tn be instelled on
the two new battleships that are 3~ te cempleted and on six scouts
and twelve destroyers. .

The MARYLAND will also have the target bearing transmitter
system cross connected with the dirgctorscope agd13potter's tele-
scope at each station where these instruments are located, which
will relieve the directrrscops operator and the spntter of the nec-
essity of keeping their telesconpes on in train, wi;l be a' triple
check on the designated target, dnd will endble ﬁhe director nper-
ator to hold the fire in cases where ths target bearing transmi#ter
operator is off in trdin.- The TENNESSEE and CALFFURNIA are alsn
g0 fitted, as will be all later ships. ' Frr the gecrndary ‘battery,
& directorscope .is being ‘designed with the Prra range keeper' con=
negted theretn, and ion the TENNESSEE and later battleships ‘the
brradside directnrrscopes are lncated at the erntrol stations, which
have been raised to-a pagition immediately under the torps - & much
better arrangement and prejition.: These and similar imprrvéments
will add, greatly to the efficiency and simplicity of fire cohtrnl,
and it only is regretted that: reduced eppropriations have slowed up
the work go materially.

The new Mark VIII directorscope for degtrnyers is being in=
stalled and a-test of one . .nf thea firgtcoompleted installations wés.
recently held by -the USBURNE, which confirmed the value and néeces-

8ity of this system for destroyers. . It is a wemderfully ingenitug
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instrument, with Ford rangp-keeper direct connected, a gyroscopi-
cally stabilized sight, which may be used instead of a directrr
pointer in the usual way, and & oross levelling device tn nvercrme
the error due t0 tilt of the gun trunnirns that is produced by the
violent motion of a destrnyer in a seaway. Although the mrticn of
a battleship is much less, it is considered necessary at 1nhg rang-
es tn oorrect this errer in their cade also, and it is proposed to
fit their directnr system with the orrss leveling device.

Although the fire contrnl system in a battleship tnday is a
very complex one, there is nnthing at all mysteri~us abrut it and
comparatively little difficulty is encruntered in ships having the
necessary number nf experienced officers and men to follow it up.
On the other hand, the shifting of persnnnel that has sometimes
been necegsary, with resulting occasional shorrtage in the officer
complement for important fire control details, has ‘had' a more se-
rious effect on this feature nf a ships organization than praobably
on any other, and a number of ships have had most discouraging ex-
periences. The tendency however is to simplify rather than FTur-
ther complicate the fire aontrol system, insofar as the duties nf
the persnnnel are concerned, and this is believed tn be entirely
sound and desirables. Whereas certain »f the instruments are becom-
ing more complicated in nrder tr place less demand upen the human
element, yet the improvement in their design and construction seems
to have prevented their becoming any more difficult of upkeep or
ad justment. It must be crnstantly kept in mind that the cemplete

fire control system cannot be expected tn remain effective, either
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as 1o persnunel or material, for any considerable perird after a
Yessel begins tn receive heavy hits in actiorn, and f£or this rea-
grn it is mnst imprrtant to be able tn cnrntinue effective fire con-
trrl by secondary methrds. During #nd since the war it has been
felt up teo this time that ~ur perscnnel situation was so unsatis-
factory that artificial casualties introduced inte target practice
would not be desirable, but it is planned t~ revert to this proce-
dure in the near future, in order to better insure a high degree
nf training for maintaining the fire efficiently when varirus cas-

ualties to the fire contrrl system are experienced.

AIRCRART SPOTITING.

The agsistance to the control of fire derived from observa-
tions of the fall of shot frrm aircraft has become more and more
recnrgnized, and considerable progress has been made in'eliminating
the difficulties that were first experienced, particularly in the
matter of communication with airplanes. t is ~f crurse recrgnized,
and a matter nf record, that estimatirn ~f the error of mean pnint
of impact from aircraft is mr~re accurate than can be made from a-
boapd ship, nther things being equal. For ipnstance, on the two
Long Renge Spotting Practices held in the Pacific Fleet in the
Spring of 1921, when the fall of shot wag nbserved from airplanes
as well as from the spnrtting ships, the average errnr ~f 34 spot-
ters frrm various vessels of the Fleet, from heights of 100 feet
or nver on the spntting ships, was 264 yards, whereas for 27 spot-
ters in aifplanes the average errnrr was but 137 yards. In the case
of one of these practices, all airplans spotters strod higher than

any observing spotter stationed on the spotting ship-.
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Two fprrms of sircraft are used for the assistance ~f fire
contrnl, kite ballrons and airplanes. Crnsiderable difficulty et
times has oeen experienced in flying kite ballnons from battleships
and several fatal accidents occurred from their use in the winter
nf 1921, leading to an epinion on the part of a considerable num-
ber of officers that this precedure shruld be definitely abelished.

It is fully recngnized that kite ball~rns have very definite
limitations; that prebably they cruld or shruld nnt be cdrried on
capital ships nn certain forms nf long campaigns; that they may
disclnse prematurely the ships from which flown; that they cennot
be used in snme weather conditionm; that they constitute & mensace
to ships in a certain degree, particularly until heljum gas is a-
vailable; that they are a great inconvenience to ships; that their
present ceiling is so low as tn cause tno much shogk during salvo
fire; Ehd that, if flown in unfav~rable weather, théy_inte;fere
with the manauverability nf ships. On the nther hand, the acci-
dents that have happened occurred under very adverse weather condi-
tions and also gre traceable partly 0 raiters nf design and mater-
ial that can uddnubtedly be improved, and the_numerﬂus possible
advantages nf kite ballonons when used under suitable conditions
cann~t be overlooked.

The simplicity and reliability of direct telephrns communica-
fion, free frem interference, with an observer in a kite ballnnn
certainly nutweigh some nf the bad features of that type of air-
craft, when cnmpared with the &ifficulties enc~untered when a num-
ber ~f ships are attempting tr receive radir reports from spotting

planes. This feature crnstitutes probably their greatest advantage,
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for it is granted that cbservations in range from them ecanroc he
made with as great accuracy as from a well pizced plene, *heugh
deflection nbscrvations are m~re praciizakle. Hrwever, corditions
might well arise, especially until airplane carriers are crngiruet -
ed, when spntting plares might nnt be availahle, and the great aif-
ficulty experienced by them in spotting frr a large numbeyr of ghin~,
unless concentration of fire is adrpted, will be described iater.
As to the pnssibility of premature disclnrsure nf our nwn ships
due to their flying kite balleons, it would seem that this weuld be
comparatively remnte if the Fleet was properly scresened, for be-
fore the kite balloons could be sighTed it is prnrbaple that cen-
tacts of surface vessels and aircraft w-uld have quite aacurately
located our battle fleet: Its formation at that time weuld net hs
of great impertance, as the battle fnrmation wruld hardly yet havs
been taken. 1In any event, the risk of disclosing ntherwise unob=
tainabie information can be reduced by keeping the kite ballenns
partially hove dewn, and prrmising expériments have been made in
trénsferring them from smaller ships to battleships. Thuas it may
be practicable on a long passage or campaign ﬁn carry such b?llnnns
deflated on a suitable caxrier, with a view to their inflation and
transfer by destroyers t~ the cepital ships when distent contact
has been made ard when ho handicap is acocepted hy flying them.
There are ~ther phases to the question, but after careful congider-
atirn of them all the Office of Naval Cperations is of the opinien
that it would be unwise at this tim; to abnrlish the use nf kiﬁe

ballnons, but rather is encnouraging their further imprnvemeni and
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continued practice ir fiying rsm anrd in their transfer “rrn ship
to ship. The Orders f£n: Gunnevy Zxcrcis.s in nnt, hﬁwevpr.|maﬁe
mandat~ry their wvss under 21l c¢endiiicns frr the sunnery exsrrises
for which they aras avrihrrizad.- e Eurceu nf Lerongutics aller
investigations following the casualiies last spring. has zZecantiy
condemned, as unfit For Pleei uss, all tue kite talilonns oFf Ehe
Navy except the new F type, nf which only a very few have been de-
livered. Experiments had first to be condusted even with these, so
the use nf kite ballnnns in Fleet gunnery exercises was impractic-
able in the year just cnrmpleted.

Real progress has been made in the corperation nf airplanes
with firing ships during gunnery exercises recently, although on
at least nne nccasgion in 1921 the ships were firing when the wind
was blowing tnn hard for the planas to stay up: In the Pacific,
spécial eprtting practice was previded for the aireraft spottars
by use nf a battery of 3-inch guns installed ash-~re for this pur-
prse, and long practice betwaen the ships and nlanos greatly im-
proved the radin transmission 5f 8p~ts. As a result of theas ﬁestﬂ
it wad decided tn equip nine ships nf the Pacific Fleet with &
special installatinn of multiple receiving sets designed to re-
ceive simultane~usly reprrts froem as many as four ai;p}anes, and
algo to supply the planes with imprrved transmitting setsl 50 that
gtill better results were realized in the practices this year.

In addition tr the difficulty of maintaining certein com-
municatio~n, an~ther great prnblem for the airplene spotter is tn

determine and keep under rbservation the target at which his ship

ia firing, when a cernsiderable number of ships are engaged- In
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fact, no satisfactory snlutien has thus far been devised by which
any ressonable chance ~f success under many cnrnditicns of battle

is nffered. The whnle subject was mrst .carefully studied in the
Pacific Fleet last winter, and it was decided that the difficulty
of distinguishing the prorper target ~f each plane would be son great
a8 practically to preclude the possibility nf furnishing airplane
spots in a ship- for ahif action, when more than eight ships are
engaged each at its own target.

Therefore it wes felt by them that airplane spotting might not
be available with larger numbers of ships engagsed, unless concen-
tration of fire to produce not mere than eight targets was arranged.
The inadvisability of thus restrioting the manner »f fire distri-
buvion of the battle line was recognized, but it was reslized that
when, -because nf great range or pner vigibility, spetting oruld not
be drne from the ships or frrm kite balle~ns, it might be wise tn
adopt the necessary cnnéentration, in ordser t~ make airplane spot-
ting practieable and thus to gain an initizl advantage. A very
comprehengive scheme was wrrked cut by which the one target under
fire by a number of ships wmld be indicated to the spntting planes
by the continu~us evidence nf salvres landing in the same general
vicinity, thus establishing sn called "salvo zones" which ocould he
counted ~ff from right or left to a tetal ~f four in each direction,
thus providing for a battle line of eight divisions, if each divis-
ion shruld concentrate on one target. Each plane assigned to a
zcne wruld report the fall of each salvo from the ships orncentrat-

ing on that target, and each ship would determine her »~wn salve by
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uge of the time of flight clock. The scheme is based on vessels

firing in rotation at predetermined intervals, althrugh, when all
ships were straddling, independent rapid fire by salwvnes presum-

ably could be taken up until the growing errnrs of mean point of

impact could necessitate a return to the rotational fire.

The great objection to this scheme lies of course in the re-
striction %0 a certain form of fire distributien and 'in the reduc-
tion of volume ~f rire that results from concentration and frem
rotational fire. Erwever, there as yet seems to be no nther sn-
lutien, and the tentative dnrctrine submitted by the Pacific Flest
is nowibeing reviewsd finally by the Department and will prnbably
shertly be approved. It is emphasized that under n-ormal cnnditiens
the use nf mircraft to assist in-the crntrol :of fire 'is n~t''crn-
templated except when, due to extreme range, poor visibility, in-
tervening smecke scrsen, or for some nther reasnn, the ships spot-
ter or kite ballorn spotter is unable to see the target with suf-

. ficient clearness to permit nf reasnnably =:curade control of fire.

It had been hrped that the dictrire snuld Be tested An the
force practice that was planned for the combined fleet, when 15
or 16, battleships would have fired together. It is in this sub-
Ject that the greatest loss comes from the abandonment of this ex-
ercise, for until a cnnsiderable number 'nf ships can fire tagether
it can never be known t» what extent reliance can be placed rn air-
craft spctting in a fleet engagement .

For the Squadrnn Practice held in the Pacifié., with 11 ships
engaging 8 targets, elaborate plans frr the participatirn of air-

craft f£frr spotting and phrt~graphic purprses were made. Unfrrtun~
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ately, on the scheduled day for the exercise, low visibility neces-
sitated a delay, and, when it was finally decided to fire, the
planes in many instances failed to find the targets or found the
clouds ton low for their mission.. As & result, only one flight

of spotting planes tnnk part, covering abmut half of the targsts
with their observations. It is greatly regretted that a mrre sat-
lsfactory test nf the spotting dnotrine was thus prevented, but,

ag far as thnge that participated is concerned, it appeared to be
satigfactory. At least, the incident emphasized that complete re-
lisnce cannot be placed on the availability of aircraft at the time
and place required, under a2ll cenditinrns nf weather.

The incorrect expression - "gontrol of fire by aireraft" - is
sometimes heard and has led to some misconceptirn of the trus func~
tion of aircreft in assisting the control of a ship's fires It is
the duty of a spotter in an aircraft to estimate the distance of
the mean point of impact over or short of the target apnd to trans-
mit this information instantly to the firi..p ship. He should take
no account of external circumstances or appz-ent variations of the
mean point of impact, nor report "no change" merely because of a
salvo being one of successivie straddles, but should in each case
report his estimate nf the error &f that particular mean point of
impact, leaving to the control sprtter the crnsideraticn of the
other features. He should, under mnst circumsténces, be required
to report alsn his estimate of deflection errors, and if communi-
cation is sufficiently easy and reliable he might be expeofed tn

report changes nf enemy crurse, etc. Obviously, however, the duty
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of determining what correction shall be applied to the guns, in
other words, the control of the fire in that respect, must lie with
some individual in the firing ship, cngnizant alsn of the ~bserva-
tions ~f the ship's spotters, any errnrs of gun layers or ~f direc-
tor or gun pointers, the part of the roll on which the last salvo
was fired, changes in indices or temperatures of powder, and the
pumeroug other factnrs that shruld enéer into a proper determina-
tion of the correction tn be applied to the guns, usuaslly called
the "enntrnl spot". It is thus apperent that the airplane spot-

ter shruld nnt be regarded in any sense as gnrntrolling the fire,

although his estima%e, when it gets thrrugh correctly to the ship,
is usually of more assistance than anything else tn the ~fficer
du.ermining the contrnl apnt.

PartioularlyIWhan there i8 onply one ship firing and communi-
cation with aircraft ie thus made simple, the temptation to rely
elmost wholly on the airplane spot for determining the control spot
is very great, and of course is very desnzsrmig.  The service has
been warned from time %o time nnt to negies. the training of ships'
spotters nor to permit the importance nf their respnnsibility to
be overlooked, and. this year a casualty was intronduced into the
long range battle praciice of battleships by which communication
with aircraft was interrupted at a certain stage of the firing,

prescribed for each ship in sealed instructions.

LONG RANGE FIRING, DISFERSION, AND PERCENTAGE OF BATTLE HITS.

These three subjects are so interwnven that it may be sim-

pler tn consider them tngether. Aside frem the regular prescribed
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practices, there has bgen rnly very little long range firing ara
our present information, except from thsorsetical estimates, re-
garding dispersioca and percentage ~f hits dres nct go mush beynnd
what is established bty the ragular prectices. Unfortunately, “n-
complete or errnnecus data praevented plovting with sufficient oo-
ouracy mnrst of the calibratioh firing nf the TENNESSEE and CALI..
FORNIA so0 that tha'fesults are quite incnrnclusive.

The MARYLAND, whnsé battery will be tested scan in cronectior
with calibration fests in much the same manner as the former two
ghips, will have shell with the new type of rotating band, and her
gixteen inch forty fives caliber guns are so0 closely similar in
rifling to the latest design being developed that but little sacri-
fice or accuracy‘naed 59 cnnsidered on that accrunt. These tests
are anxiously awaited, and confidence is felt that the results will
be gratifying. Calibration tests by the NEVADA, at present teing
re-gunned, are alsosgheduled.

The Califrrnia and Tennessee held long range battle practice
this 8pring at average ranges of about 25,0C0 yards with very sat-
isfact~rry results. In the case nf the Tennessee particularly, thre
performance was such ag tn show without dHubt that an engagement
could be opered with gnnd effect at such a range, with sivr craft
observations available. Even withrut the assistance of aircrafs,
it was reported that a ship's spotter, under the visibility condi-
tions then obtaining, could have controlled the fire with very fair
success. Certain features of the Tennesses's performance may be

of interest:-
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Average range. -« + + . < 3 ¢+ 4+ . . . . . 25 GRT
B S5 ls 0 oon oo 6t dla Ao 0n oolas reE
Hits on constructive target. - . . . . . .. e
Percentage of hits. . . . . . . . . . . . . 10.g7
Time for 7 salvoes. + « . « « « +« « « « . . & §in.%y Je-,
Shots per gun per minute. - . . . . . . . .1.2834
Hits per gun per minute. . . . . . . . . ..0.1369
Number of salve first tn get on target.. ..First
Number nf straddles. - + . « « « « + + « .6 rut of 7
Average error of M.P.I. . . « . . . . ., . .112 yards
Average pattern. . . . . . . . . . . . . ..823 yards
Average true range dispersion. . . . . . ..315 yards
Final merit for practice. . . . . . . . . .89.298
Standing in class- . . . . . . . . .. . L. 3 -

Coming now to the actual performances nn target practice, wa
find that, in the battleship class, the average ranges for the lon:s
range turret fire increased gradually up to the Spring of 1919 when,
under the favorable visibility conditions off Guantanamo for ail
ships, it was 19,193 yards- 1In 1920, the practices were held
largely under such poor visibility conditions that it was neces-
sary to close in considerably in order to fire with safety, and tn=:
average range for that year was 15,774 yards. In 1921, the aver;
age range came up again to 18,096 yards, while in 1922 it was 19,-
253 yards.

The subject of hitting power at various ranges and the effec:

of range upon pattern size, dispersien in salvees, and grror of
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mean point of impact has always been carefully studied, bnth frem
an analysis'nf actual practices and from the therretical stand-
point. By the fnrper methnd, it must be said that the data are

as yet tneo scanty to admit of precise answers, and the figures,
when c¢nmbined in different ways, do not always lead to the same
crnclusions. Inferences, nr estimates, are abrut all that can be
deduced at this time. Altheugh long range practiceé have been
held for many years, it must be remembersd phat the'present fire
control equipment has been reasonably complete only in recent
years, and results of practices of previnﬁs years cannot thereforre
be averaged with recent ones « The lack éf cfnclusiveness in these
investigations is largely due to the relatively small emmunition
allowance that is 'available for target practice, and of course to
the varying conditions of weather,lstate of training, and person-
nel that exist in the several ships from ysear to year.

However, a complete tabulaticn of every 12-inch and lé-inch
turret gun salve fire on the 1919, 1920 anc¢ 821 long range bat-
tle practices - some 264 in all - hss been made, showing all the
characteristics of each galvo. Themmber of salvoes from each
separate caliber and'length nf guns is nnt great enough for aver-
aging purposes, and it ié felt that better results are nbtained by
considering tongether all 12-inch and l4-inch guns, particularly as
thenretical investigatinns lead to the cnrnclusion: that there is
very slight difference in the accuracy nf these guns at any partio-
ular range. Averaging the results »f the perfermances of all these

{ f
guns, thepefnre, we arrive at infrrmatiecn as indicated in the fol-
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lowing table, the hits being as plotted on 2 target 30 feet high,
90 feet in beam, and 60C feet long, and with shots striking with-
in 30 yards short of the target and ~n in deflection being con-
sidered also as hits:-
TABLE A.

Year:AveragetShots per: % tH.P.G.:Pattern: Mean :Brror
: Range : salve :of hits : P.M. : :Dispersion:of Mean

8 2 : :Point or

2 20f im-
: ‘pact. _

Sl Lt [ st ] svwm B} ot B owws B e e [ e [ e s (e e ) e e 1y e (i e (] e [ e [} e ] e [ e N st [ e [ e B e [ e

X : 9.2 : 8.9 :0.0754: 1051 : : 456
1920: 15774 - 9.6 : 11.2 :0.1000: 684 : 170 : 302
1921: 18096 : 10 : 12.8 :0.1016: 747 = :
: 9.63 : 11.13 :0.1081: 818 : :
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Whatever else this may show, it confirms previous statements that
gunnery has been improving, remembering in the analysis of it that
the 1920 practice was fired at crngiderably shorter range, and with
the added information that the hite per gun per minute for 1922 is
nearly 7% greater than 1921, at a range greater by nver a 10C0
yards -

Then all the salvres upon which the abnve is based were fur-
ther divided into four groups, acc~rding to the range at which
fired, and those in each grrup averaged for their various elements,

leading to the follrwing tabulaticn:-

TABLE B.
Range: N&. :Hits: % : No. :Average:Pattern:liean dis-:Drror
Limits :shots: _ :ef hits:Salvces range.:_ _ _ _:_persien :i.P.I.

1356
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TARLE B. {Contd.)

Range! No. :Hits: % : Nn. iAverage:Pattern:liican dis--n"z'~
Limits:shots: 102 hitsiSslvoes: range s persinn 'M.P L.
15000 ¢ 319 132 ¢ 10.0 39 116,461 : 795 TS L e L S H R
170G0 @ 2 8 : : d ¢
17000 1010 $101 ¢ 16.G : 88  :18,072 & 851 t 223 & 240
190006 : H : : : : : :

19000 : 732 + 74 t 9.7 : 91 120,465 :1019 : 256  i'Bls
23000 : . 3 5 1B ] : 3
S AT Tl Ee T LOS [Cotet S SRy Sy ARt e S

AR I
A gmmsideration of these tables shows how difficult it is tre

arrive at anything but the mest general crmparative. cnnclusions,

L
whioh have always been obvious, but which arg-‘verified nnly in cerm-

parison of the shortest with ﬁhe.gééaéeaﬁ ranges, for the results
in accuracy nf the firing at the mid rangee'&re:apparantly inonrn-
sistent. In other words, by these figures it is impossible to er-
tablish %he rate at which the percentage of hits will fall as rerng.
increases, althrugh it is known of ocourse that such takes place,
other things being equal. The rate of increase of Brror of mean
point of impact, which bears a direct ratio to the percentage. cf
hits, is likewise nnt susceptible rf determination from these date
On the nther h@hd, the increase Qith renge ~f pattern size and
mean dispersirn is fairly regular, andsi%hia interesting to note
that the rate of the latter is qnnéidaréblylgreater than that a?l
which the theoretical curves meétioned iatér shﬁw the mean range
error tn inorease; the 1ndividu§l amnﬁn$s'are also much greater.

{See Tabie CG). The fact that these slements orme nut more cfn-

sistently is due b®f ococurse to their being uninfluenced by fire
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contrnl errnrs-and are not depsadent so much upon the state ~i
training of the »nersonpel, except in gur laying and commuai stios
New standards have been adnpte& frr range dispersion, which hsers.
tofore had been censidered constant for all ranges.

Insofar as pereentege of hits is cnncerned, it is beliesved
that the average for the three years as skonn in the firét %ahlq
gives the onlylfiguia uprn which even fair relience can be placai,
and that for the present the rate at which the peréentagé would
¢hange with range had best be deduced from theoretical gonsidera-
tions. This average figure is ll% of hits at a range of 17,688,
or say 17,700 ‘yards.

As has been mentioned, & new type nf rntating band has been
developed by the Bureau of Ordnance to prevent the present fring-
ing tendency, and an improved style of rifling with uniferm twis?
has been designed with a view to truer flight of shell. The prerp-
balancing of shell for the same purpnse is alse under investigati:
and as a result of these measures it is expected that cnnsideratls
reduction of dispersion will result which within eartain llmlth
should inoreaSe the percentage nf bits-

Shells with the new type band were supplied -for the nigh%¥
battle practices and long range batile practices recently coemplet .
The results of the former seemed tn confirm the unquestionable.im-'
provement in dispersion demonstrated by the proving groeund Yeste.
On the latter, however, the figures were discouraging and showed
no improvement in this respect. The conclusion seems; reasoneble

that other elements, such as more frequent gun laying errors, mus:
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have accounted for this fact as there can be no d rubt that the new
type of band results in truer flight.

As ships are reguﬁned, they receive guﬁs with the new type of
rifling, and in every manmer the Bureau of Ordnance'is making stren-
uous effort to reducg digspersion.

No reference has as yet been made to the perfrrmances nf the
secondary batteries of battléships or of the batteries nf other
types of vessels, and indeed for them the data are still more in-
complete and misleading than in the case of the turret guns; 80 that
no venture will be made to discuss the varying percentages of hits
or dispersions for different ranges. It is presumed however, that
all guns would follow the same general laws as 4o the turret guns.
This past year is the first one when hits for the secﬁndar& bat-
tery of battleshipé on dsy t~rpedo defense practice are plotted
and assigned on a crnstructive target, and when the score is cal-
culated from several factirrs gs in loqg ronse battle practice. It
is believed that data susgceptible of muech s enrer esnalysis will
gradually thus be accumwlated now for tris wattery, with result-
ing more rapid improvement in efficisnay.

Coming nrw the theoretical invéstigatipn of the subjeet of
agccuracy: of fire, som¢ very interesting curves nf prnbable mean
range errors and'perbentages of hits for various ranges for 12, 14 .
and 16 inch guns of &5 and 50 calibers werelprepared by the Special
Board on Naval Ordnahce, when headed by Rear Admiral Chase. Such
calculations must nf course be based on various assumptions, ‘which

were sot forth in the descriptive letter. Without going into too

S
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much detail, it may be said that the mean range error of a gun,
when fired in salvo, is regarded as made up »f the elementary
range errors due 1o the following causes:i-

(a) Variestion in muzzle velocity,

(b) Variation in angles of departure, and

(¢} Varietions due to inaccuracy of flight.
To each of these causes was assigned an assumed amount, based on
all available data, the resulting errors calculated and plotted,
and the combination thereof determined by crmputing graphically
the square root of the sum of the squares of these errors, the re-
sult being plotted as a curve of mean range errnrs for gach nf the
guns. These curves are very nearly identical, and the following

table being based on the average of all of them, may be considered

reasonably applicable to any of these gunsi-

TABLE C.

Range in yards : Mean range errnr in yardg.

12000 s 78 .5
13000 . BO .
14000 : SOk
15000 : 26 4
O 16000 : L 9(.2
17000 : 94 .1
18000 : +98.3
19000 : 102 .7
20000 7 167 .8
21000 : ~112.9
220600 : 118.8
23000 : 128.1
24000 : 129.1
25000 : 134.8
26000 . 140.4
27000 : 146 .2
28000 : 152
29000 : 157 .7
30000 : 16316
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Actually, the mean range errnrs shown above are nnt realized
in practice. JFnr example, during the dispersion tests of the NEW
LEXICO, the actual mean range errnrr derived from six twelve-gun
galvoes fired very carefully and deliberately at 18,000 yards,
was 284 yards, whereas the curve shows about 98 yards for that gun
at thet range. Carrying this comparison farther, a mean range er-
ror of 98 yards would lead to the expectation of an average spread
in range, or pattern, of 12-gun salvoes nf about 427 yards, where-
as actually in the case of thé NEW MEXICO it was 1084 yards. The
mean dispersions shown in actual practices are alsc much greater,
as previously noted.

With the thenrretical ﬁean range errnrs thus determined, a
fire control error of one half of nne fercent of the range was ther
assumed, and with these two errnrs the percentage nf hits were ther
calculated, assuming a target 9 feet high joining a hrrizontal daecy
102 feet wide, this representing very closely the asbove water side
armor and protective deck of the latest design of battleship. No
length of target was considered, as deflection errors are disre-
garded. Again, these curves proved to be very.similar amd the'fol-
lowing table, based on the average of all, is very nearly correct

for any of these guns, in therry:-

TABLE D.

Range in yards : Percentage of hits.
12,000 : 19.45
13,000 : 17 .63
14,000 : 15.91
15,000 : 14 .51
16,000 : 13.34
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I4RLE D. (oontd).

Range in yards : Percentage of hits-

17,000 : 12.57
18,000 : 11.29
19,000 : 10,52
20,000 : 9.82
21,000 : 9.1
22 000 : B.6%
23,000 A 8.1
24,000 ; 7.67
25, ' 000 : 7.27
25 000 P 6.90
a2 000 H 6 459
28 ooo 2 & .30
- 29 ooo : 6.01
sb GO0 s 5.73

The #ercentage of hits curves showed also the percentages of

hits on the vertical and on the horizontal armor, it being nnted

that at about 11,000 yards they are equal, each being about 11%,
| while at greater ranges the pefcentage nf hits on the vertical
armor deoreases rapidly, being only about 2% at 21,000 yards, at
which range the percentage of hits on the hrrizontal armor is a-
bout 7%. |

The Bureau of Ordnence stated that the percentages of hits
shown on the various curves cmuld not be expeoted to be realized
in practice at this time, and tha t, due tr lateral misses and othe-
causes, it wruld be best to reduce the percentages by one half.

As socn as all the rapdits nf the long range battle practice
of battleships in the gpring ~f 1921 were received and plotted, the
number of hits was algo determined for each ship upon a target iden-
tical with that used by the Special Board iﬁ Salculating their per-
centags of hits curves, deflection errnrs being also disregarded

in these determinations. ' In the cases of gunsfnf various calibers
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and lengths, the afmparison between curve and actual bercentages
of hits showed gquite different results, so that even an approxi-
mately fasr comparison can °nly be made by averaging the perform-
ance of ail guns, which shows an asctual percentage of hits of 6.4
at mean range nf 15,149 yards, for 1002 sheots, or agbout 57 1/2% of
the average curve figure from Table D for the same aveiage range .
It will be remembered thaet the fire contrnl serror was assumed by
the Special Board ag being 1/2 of 1% of the range, in other wnrds
the average mean points of impact of salvoes are assumed to be
1/2% of the renge distant from the center of the target. 1In the
actual .practice of 1921, this error was approximately 1.8% of the
range, end this variation between assumed ang actual figures would
account for a considerable rortion of the discrepancy in percentage
of hits. Nevertheless, ‘there is nothing to show that the shapse of
the theoretical curve of percentage of hits is not substantially
ecorrect, and in the absence of any conclusions from gctual practiceg,
88 previously noted, it seems that ths foarm of this cturve is the
best available means of estimating how tha rércentage of hits on
any given target at a certain range will vary for other ranges .
The constructive target for térget practices is a ship 600 feet
Long; 90 feet Yeam and SQ feet high, with shntg striking within
30 yards short of the target and en in deflection counting as hits.
It will be noted that this target is much larger than the
target .on which the theonretical ourves were computed. Fnr jin-
8tance, with the 1l4-inch 45 caliber gun, at 17,000 yards the vir~

tual horizoptal target for the curves is about 132 feet, whersas
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for gunnery exercises hits are allowed under these cenditions on
a virtual horizontal target of about 285 feet. However, deflec-
tion errors enter inte the determiration of hits on the regular
target practice, but it should be noted that when salvores are on
in range a comparatively small number ~f shnts fall in defléction
outside the limits of the 600 feet lrng target. As previougly
étated, the average percentage of hits for three long range bat-
tle practices of the battleships was 11.0 af an average range of
17,700 yards. For this range, at a target appreximately one half
in virtual horizontal width, the curves from Table D show an aver-
age theoretical percentege of hits of 11.6, .The smaller target
uéed for the curves therefore about neutralizes the fact that these
thenrretical percentages were considered by the Bureau as about 50%
too high, with the result that they, the ocurves, shw a thspretical
percenﬁage of hits for the average range of these three practices
not far differqnt from the average. percertizge of hits actually ob-
tained on thé larger target for thnge practices. Therefore, it is
not an unreascpable assumptirn that thess curves, or the table pre-
viously given, would show values at all ranges approximately equal
to the percentage of hits at target practices in recent years. The
percentage of hits by the California at about 25,000 -yards agrees
almost exactly with the table, but the excellent perfrrmance of the
Tennessee‘at that range, as previouslﬁ noted, is oonsiderably bet-
ter.

The average hits per turret gun per minute on the standard

battle ship target have also been shown for the past three years,
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which introduces the other important factrr of rate nf fire. Thi.
average of 0.1C16 hits per gin pev mirm%e at an average range of
18096 yards for 1921 is susceptible nf cnonsiderable improvement
under target practice conditions. The eleven ships of the Pacifis
Fleet averaged 0.1283 hits per gun per minute this past year at

an average range of 19235 yards - a very materiasl advance over tha
1921 figures, but it must never be overlonked that target practics:
performances can never be expected in battle.

Since the foregring was written, a copy of the new metherd ~f
scrring gunfire at the War College came to my attention, and I was
much interested in the exhaustive methnd by which the percentage
of hits on different sized targets under certain assumed battle
conditions at wmarious ranges was derived. Many of the conclusions
reached by the author of that pahphlet coincide with the principle
adopted by the Office of Guhnery Exercises, and in my opinion it
is @ very great improvement over the method in use previouslyf

Some of the assumptions and statements are nf course open to
argument, but by the nature of the cage this is unavnidable. Pnr
instance, the conclusion that probably dispersion is greater with
director than with pointer fire is not sustained by the ocomparisnn
of the results of these twe systems nf fire, under similar condi-
tions, by numerous vessels, on two different forms of practice last
year.

For purpoges of comparison with the frregring Table D, there
is gunted the follrwing table nf percentage of hits frrm the War
Crllege pamphlet for the 14" 50 caliber gun, the target being crn-
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sidered as a ship 600 feet long, 99 feet beam, and 30 feet highy
and the percentages shrwn being the average nf thrse deduced for "

target angles zern and 90°.

TABLE E.
RANGE : Percentage of Hits
: Top Spot ite Spot i Plane Spot
12,000 ] 12.3 : 2.8 : ————
14,000 : Bd) o E 9.7 : ———-
16, 000U 6.2 ¢ 7.2 3 T
18,000 H 4.2 H 5&4 H ————
20,000 : 2.6 : 4.0 : 4.3
22,000 ; 1.5 3 3.0 z 3.4
24,000 : 0.7 : 2.2 : 2.7
26,000 0.1 : 1.6 . 2.2
28,000 o A 1.2 % 1.8
30 000 : -—— ] 0.8 : 1.5

— B =5 L o S B e = B v (N e SR e T o T e B o O o i e e B v T e e | e Y e 0 e oy g e )

It will be nnted that the rate nf decrease nf percentage nf
hits with range is much m~re rapid in the War Cellege pamphlet -
trn rapid indeed, inmy rpinien. It will alen be noted that the
percentages of hits allowed by the pamphlet (Table E) are material-
1y less than thnse indicated in this paper (Table D): Thig Hew-
ever is natural and ig prrbably caused by the difference in tar-
get size, and, by snrme allowance, not stated in the text, for the
assumed battle condition. HEow.much the effectiveness of a ship's
fire is impaired by 211 tha conditi~ng of battle is impossible to
determine with accuracy, but certainly it will suffer very cohsid-
erably and we must ‘guard earefully against over-confidept expecta-
tions in regard tn battle gunnery, drawn frem target practice re-

sults.,
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I have available here the crmplete results of all battleship
practices fnor the year just completed, and the corresprnding fig-
ures of Gunnery merit for the year. Also the scrres of the lead-
ing battleships in the engineering cmpetition, subjeet tn check,
and the tentative figures of battle efficiency merit for the lead-
ers. I wnuid be glad to give the figures frr any ships in which

‘anyone may be interested.

(Revised 14 July, 1922)
{WOW/CAJ 26 September, 1922.)






