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DEPARTMENT OF DEFENSE

WASHINGTON HEADQUARTERS SERVICES

1 155 DEFENSE PENTAGON

WASHINGTON, DC 2O301-1 155

JAN 2 6 2017
MEMORANDUM FOR DEFENSE TECHNICAL INFORMATION CENTER

(ATTN: DTIC-OQ INFORMATION SECURITY)
8725 JOHN J. KINGMAN ROAD, SUITE 0944

FORT BELVOIR, VA 22060-6218

SUBJECT: OSD MDR Case 16-M-2595

We have reviewed document 1 on the attached Compact Disc (CD) and have declassified

it in full. If you have any questions please contact Mr. John D. Smith by email at

whs.mc-alex.esd.mbx.records-and-declassification@mail.mil.

Attachments:

1. MDR request
2. CD

George R. Sturgis
Deputy Chief, WHS, Records, Privacy, and
Declassification Division, ESD
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IN REPLY r>1r-rTn -t)
REFERTO: JJ 1 1U-K.

DEFENSE TECHNICAL INFORMATION CENTER
8725 JOHN J. KINGMAN ROAD

FORT BELVOIR, VIRGINIA 22060-6218

MEMORANDUM FOR OSD OSD/JS FOIA Requester Service Center (FOIA)

SUBJECT: Freedom of Information Act (FOIA) Request

Reference: Freedom of Information Act (FOIA) requests from
(attachment 1)

Attached you will find three Mandatory Declassification Reviews from .
We here at DTIC do not process MDRs; therefore we are forwarding his requests to you
for processing and direct response back to .

The category of request was "other." To date, has incurred no
assessable fees for services from DTIC. Please call me at (703) 767-9204 if you have
any questions.

FOR THE ADMINISTRATOR:

Attachments:

As stated

IV/'
Michael Hamilton

FOIA Program Manager
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Hamilton, Michael A CIV DTIC RM (US)

From:
Sent: Wednesday, August 03, 2016 10:42 AM
To: foia@dtic.mil
Subject: MDR REQUEST

This email was sent from anon-Department of Defense email account. Please verify the identity of the sender,and
confirm authenticity of al! links contained within the message.

To whom it may concern,

This is arequest for amandatory declassification review (MDR), under the terms of Executive Order 12958, as amended,
of the following document(s):

Accession Number: ADC955131

Corporate Author: ARMY COAST ARTILLERY BOARD FORT MONROE VA

Report Date: 09 Mar 1939

Pages:73 Page(s)

If you regard these documents as potentially exempt from disclosure requirements, Irequest that you nonetheless
exercise your discretion to disclose them. Please release all reasonably segregable nonexempt portions ofdocuments.

Thank you for your time, and I look forward to your response!

Sincerely,

1/ .lA, $5 ^ 5
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COAST ARTILLERY BOARD

FORI MONRO!.. VIRC.INIA

VPPOjeOt 11S3 / ' / ilv AiJtHOHHV <H THE CHIFF Ol fciAM AKllilltO
»A"- Uuroh 9, 1930 inihai-.

DTIC
3Ul»i;CTt Heavy /tntlulroruft Oun. ^jk j^ 15,1088

i - ww PiToauai p&afiKD ^ —** —*-
Object of tho projaot , ^^ ,j,

II - KA033 B&1RINO Oil TIM PIWHLill Z
History of the project , , 2
Calibors under oomiidomtion,. , 3 j?
ftissntlal olonents to be considered .,♦... 4 J?
Tfeislo assumptlona , g *J

III - PI3CUB5JIOW 3
Destructive Mt expectancy , <j
Method of obtaining hit oxpootancy.. ., 7
Tho optimum caliber...,, , 0 «i
Hosd for n mobllo hoary Hntlaircroft f,iin 9 J-
»•**** 10 iZ
Mobility... 11 I7
iJuoaary.... IS J'

IV - OOKCLUSIOHS 1ft *"
V- HHCOlftn«DATI(»IS H ££

D

fflWIBl

A-l - A-8 - Letter, Ciiiof of Ordnnnoo to Chief of (fount •irtillory,
January 19, 1939, subject! Heavy antiaircraft gun, nobile typo,
(OCCA 478.311/BQj with ono indorsement and fire charts.

B - Letter, Prsaident, Cooet Artillery Board, to Chief of Oonet Artil
lery, February 4, 1939, subject! Hoovy antlalrornft gun, mobile
type, (CAfloard Project 11W| OCCA V8.3U/BQ-3) with one in-
dorssaent.

C - Chart - Treed of celling and speed for V, s. bombing aircraft.
D - Chart * Vtam range curves.
t - Chut - Slant range Unit where tracking must begin,
t - Chart - IImb of flight vs. slant range.
0 - Chart - Target practice hit expectancy, 3-inch Antiaircraft Oun.
U - Chart - Cross •eotionJ of hitting volumes.
X - Chart - Destructive hit expectancy for tingle rounds*
* - Ssavle breakdown chart - rafter sounds possible at various altitudes.
K - Chart - MMber of rounds fired on iiioosAsg target.
I, - Chart * Tim incoming target la under fire for various guns.
U - Chart - Inflation n^gj^partiaEatwheft cumulative fire effect

- 1 -
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equals one deitruotlvo hit.
N-l - N-8 « Charts - Percentage of one destructive hit expected on

incoming target.
0 - Chart - Percentage of targets theoretically destroyed above 10,000

yards altitude.
P - Chart * Percentage of one destructive hit expected for 100 mm and

5-inch guna with muscle velocities of 8800 f.ty.and 3200 f.s.
q«l • q-9 . charts - Relative hit expectancy on passing targets.
H - Chart - Optimum caliber.
S - Chart - Loss In destructive hit expectancy us compared to optimum

caliber.

ttmiiftatCBs
1 - boast Artillery Hoard Projeot Ho, U16, "Antiaircraft Armament."
8 - const Artillery Bonrd Secret Letter, 471.11, January 6, 1939, to

chief of Coast Artillery, subjecti Hitting volunu, 3-inch AA
Shell.

I - CDC PR0HU9I PIUSaiTJiD

1. Object of ,yy, jroJoot. the object of this project 1st
a. To determine whetnera mobile antiairoruft gun of oolibor heavier

than Wmlo required In the dof ondo of largo area targets against aortal
attack from extremely high altltudoa,

b» To seleot the most suitable cnllbor for any suoh additional
weapon required.

II - FACTS BKAJOHO ON THB PKOBXKU

S. History of the project,.
k. Tho directive initiating thlo study is contained In 1st Indorse

ment, OCCA 47S.311/B0, January a?, 1939, on letter, office, Chief of Ord
nance, to the Chief of Coast Artillory, (00 472,93/6048), January IB, 1939,
subjsett Heavy antiaircraft gun, nobilu type (ass KxHibit A-l). This
project is reUted to the study contained in Coast Artillory Board Project
1114, Antiaircraft Armamwit, listed as Reference 1 hereto, which dealt
with the 90 mm antiaircraft gun,

b. OowJideratioa of a heavy antiaircraft gun was prompted by the
progress in development of modern bombing airplanes of higher speed and
greater ceiling. In the defense against attack of large area targets fron
high altitudes, possibly from above 40,000 foot, ample range and minim
time of flight for tho antiaircraft guns are highly desirable* If prac
ticable, mobile guns used in the defense of large area targets, such as
titles, should be oapabla of talcing under fire any hostile bomber at its y Qodef
celling, ..

w**»i and/or
Special

- 8 -
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*• gallbem under consideration. In t)w> oelootlon of a oalibor for
a heavy nntiairermft gun it is understood tliot it is not necessary to ad
here to the exact also of any one of the various calibers for which data
arc prooontcd, since a deviation from existing calibers will not complicate
greatly the manufacture of the gun. However, tide study deals only with
calibers of guns projeoted or now existing in tho United ntates, since
these guns are believed to offer a sufficiently wido choice of calibers
end also because a certain waount of data concerning these particular
weapons are available. The calibers considered are the 90 ma, 105 mm,
5-inoh, and 106 mm. It is believed that any one of these antiaircraft
guns probably con be developed and manufactured as readily as another,

4- ;>floentlal elements to bo. cgiuUdorod. In approaching the question
of the Host effective caliber for a mobile antiaircraft gun there appear
to be certain essential and controlling factors to be weighed and evaluated.
some of the considerations related to tho effectiveness of suah a gun arei

Hoxlaum rung© required,
Limitations imposed by tho firo control system.
Time of flight,
Hate of fire,
Sffeotire voluwo of the shell burst,
height of gun and onmrnltlon, and
Mobility.

&• Basic assumptions. To facilitate u atudy of tills character it is
nooessury to make certain assumptions where uuatmtial datu bcjotl on past
experience are not available. It is fully recognized that tho outcome of
this study is dependent to a lorge degree on tho soundness of tlieso assump
tions, ttaoh assumptf'm has therefore been carefully considered with a view
to making it conservative within reason while faoing future probable techni
cal advances. Several of the most important assumptions are listod below,

TlT Teraet detection. Developments are assumed to bo practicable
In aircraft detection Methods which will enublo flro control telescopes
to be pointed at the target, either at night or by day, so that track
ing nay begin in time to meet the target with fire at a fuse range of
30 seconds.

(ft) 2*4 &3A&' H" u**vy antiaircraft gun must neoessarily
be capable of reaching targets at any altitude from which hostile
aircraft may be able to damage the area defended. If large area
targets, such as cities, arc to be defended, it is highly desirable
that the gun in question should reach ct least to the service
oeilUg of the best bombing airplanes in existence* It would be
preferable to develop a weapon whose range capabilities extend
well above the highest service ceiling, In order that aircraft
development in the immediate future should not outrange the gun
defense,

- 3 -
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(b) Range of fire oontrol sy»tems.
X, It Is at once apparent that no antiaircraft gun

can be utilised effectively beyond the range of its fire con
trol system* The range of the present firo control system
is limited by its dependence on visual and sound detection
of the target, to on extent which does not peralt full
utilisation of the range capabilities of even the 3-inoh anti
aircraft gun* However, it lo boliovod that the selection of
a heavier caliber antiaircraft gun should not bo influenced
unduly by limited capabilities of the present fire control
system. It is desirable to look to future advancement in
moans of fire control which will make It possible to detect
and truck targets at extremely long ranges. By such foresight
it should be possible to provide a weapon whioh will be use
ful for several years, making due allowance for developtotmt
in both airplanes and fire oontrol equipment,

2, The question of firo control at long rangoo presents
a serious problem. One of tho oblef difficulties experienced
in target practice firings during tho 1938 Fort Bragg exer-
oisoe oonoemod detection and visual tracking early enough
to meet the target with fire at the 81-socond fuze range with
tho 3-inoh gun. tilth a largor oalibor gun of longer range
using tho 30-sootirid fuse It usually will not be possible to
detect an airplane at distances necessary to utilize tho
maximum fuso range. Attention is Invited to Exhibit JI which
shows graphically the slant ranges at whioh it is necessary
to begin tracking a 300-mlle-por-hour incoming torgot If
initial bursts are to meet that target at a fuse range of
30 seconds. Allowing only IB seconds to establish a smooth
flow of data, tracking must begin at about the following
slant ranges i

3" AA Oun - 13,000 to 17,000 yards,
90 mm Oun - 14,800 to 18,000 yards,

100 mm Gun * 10,700 to 19,700 yards,
B-inoh - 17,800 to 80,000 yards,
138 ma - 16,000 to 81,400 yards.

Because of these long slant ranges it was considered necessary
to assume that adequate detection methods would be developed
whioh would permit the full utilisation of the maximum rango
of all woapons considered. It is believed that development
of a detection device has progressed far enough to warrant
this assumption,

(£) liumltuds of fire control errors, Kxoept for prediction er
rors; nffW!S& errorsfor1antfaircrSt guns of all calibers are
assowd to be the same as for the 3-inch entlaircroft gun. Prediction
errors are assmed to my directly with time of flight, an assumption
which has been generally accepted heretofore.

- 4
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(&) L*&*S&&SkJi!3l!8& SPJtSte&S&JSL SP2&PZ* No adsquate
data wero available on which to base^ny^VflwsptTons as to varia
tion of fire control errors as a whole for various calibors. ac
cept for prediction orrors, the assumption that errors equal to
those presont in the 3-lnoh fire control system exist for all
onllbers Is not expected to Introduoo any noriouo distortion of
tho several caliber comparisons presented,

1$) 2&J>L&k$&A A anort tijV3 of fli«bt in obviously
vory advantageous In leeeplng the prodiotion orrors low. For this
roaoori it Is believed important to seek a reduction in time of
flight as far as practicable. The vital relation between timo of
flight and mu;:zlu velocity makes the latter an oasontlal con
sideration. It is evident that both must bo weighed carefully in
order to arrive at any sound conclusions, Timo of flight having
been nooopted as being directly rolated to prediction errors, it
will be raeognizod that for fast moving targets theso errors as
sume oiaablc proportions if a long time of flight Is involved.
For this reason it is considered inadvlsablo to attempt an exten
sion of range by uooopting a timo of flight longer than 30 seconds.
The vital importance of a minimum tirns of flight in antiaircraft
gun fire, particularly at long ranges, ijukou tho outcome of studies
on Increased ramnsle velocity recently undortaken by the Chief of
Ordnance (pamgmph B, lottor, chlof of Ordnance, January ID,
1939 - iixhibit A-1J of utmost oons«auonoe in tho development of
any new antiaircraft gun,

&• Sf&PJPL £}•£&. TJie rntea of firo assumed as prnotlanble for pur-
posos of tJiis study conform to thoce shown on Inhibit A-3 and for tho par
ticular calibers considered herein ore as set forth bolowi

Hand loading!**
3-lnoh...,, 86 roundo per uinuto
90 mm SO rounds per minute

»sohanloal loading!-
100 ram,,.,....,, SO rounds per minuto
5-inch , m rounds por uinuto
180 mm. , 10 rounds per uinuto

(1) Heed for high rate, Ahigh rata of fire is nooesssry to
subject the target to the maximum ohanaa of doatruotion within a very
short period. The high speeds of aircraft whioh are increasing stead
ily make it evident that targets will be within range a tnvy short
time at the most. The bomb sighting operation whioh now requires only
about 40 seconds may be further shortened, thuo requiring rectilinear
flight by the target for s time as short as the maximum time of flight
for the antiaircraft projectile. Those possibilities make both a
short time of flight and high rate of firo osaential in a defending
weapon,

(£) Assjuaod rates, baaed on actual rates. Tho ruts assumed for
the 3-lnofa gun la based on oxporionee. The rate of 80 rounds per
minute assumed for the 105 mm has not Men attained in service but It

•MECKEL I —
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is believed that tho moohoniaal lauding feature oon be improved suf
ficiently to insure the assured rata, Th't rutes assumed for both tho
106 in and 6-lnoh are based on those attuinod by the ?Iavy for its
5-lnch antiaircraft sun, whioh according to official reports has been
fired from IB to 28 rounds per ainuto using oithor fixed or oeparute
loading wommltlon (see Exhibit 8). .i"hlle it is conceded that fixed
guns, with a oonvoniont onuunitlon nupply such ua obtains aboard ship,
have an advantage over riobilo guno as to ruto of firo, it Is believed
that for short periods, nerinl targets onn bo taken undor firo by a
5-inch mobile antluiroraft gun with a rate at leant equal to the Havy
minimum of 15 rounds, Heoauso of the lighter amaunitlon It is thought
that a rate of 80 rounds for the 10B cm seems reasonable. The same
rate for W mm, though hand loaded, is baaed on actual tests using a
3-lnoh gun with 40-pound drill cartridges, approxiwately the weight
of a 90 mm round. Judging from these tests a higher rate of .fire for
the 90 ma gun la doubtful, {See pofio 0, paragraph 6 £, Reforonoo 1.)
A rate of 10 rounds per minute for the 155 am gun was based on a oon-
elaoratlon of tho relative Inoroase in projectile waight over that of
the 5-inoh and also tho rate of six rounds per ninute which has been
attained with the loft mm OPT, A rate of six rounds per minute has been
attained for tho lattor with hand loading where projootlle and powder
must be rammed separately. In view of this faot, it seems within
reason tlait mechanical running oltould ruioc tho rati* *» at least 10
rounds per (ainuto when both powder and projectile are loaded together,
C. 8peed and oeilin£ ofJbur£e&. Throughout tho entire study a speed

of 300* miles per uour~was assumed for tho turgot. It wua further ttsoumed
tlist bombing attockfl from nn altitude of 40,000 foot would bo possible within
the near future.

(1) Poaslblo hostile targets. In any effort to soleot suitable
weapons for defense it seems logical first to Invostlgate tho typo of
targets to bo taken under firo and the oapabilitiao of these targets.
By such a procedure it Is possible to determine the minimum require
ments for a satisfactory weapon. Consideration of weapons having in
sufficient range con then be dropped und attention fooused on those
guns ehloh at least meet the range requirements. Ths capabilities of
bombing airplanes are of nrlmaxy interest as this typo aircraft Is
expeoted to be the most usual of hostile targota for a hoavy antiair
craft gun. Incidentally this typo of U. 3. artlitary aircraft appears
to be most advanced in its development, being capable of both high
speed and high altitude, Tho past 10 yoars nave marked an inoreasc
in maximum altitude from about 10,000 feot to over 30,000 feet. Recent
ly an unloaded, experimental, two-notored plane in the bonbor alaea
flew a mission for tho Coast /artillery Board during which an altitude
of over 38,000 feet was reached. In the 1938 Fort Bragg Air Corps -
Antiaircraft exercises, bombing missions waro flown on several occa
sions, according to offioial reports, at 87,000 feet. Within «»••"•
lO^year period speeds for 0, 8, bombing airplanes havs increased from
approximately 100 miles per hour to over 850 miles per hour. Other

GECRET-
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typos of airoraft have had difficulty in autching spoad with boabors.
Prom prose reports end informal oonveroations with Mr Corps officers
it is understood that tho orrfur for 415 light bombers rocontly placed
in the Unitod Ututes by the French Ooveranent was contingent upon a
porformnce test whoroin the plane was requlrod to develop a speed
of at least 30O miles par hour with normal load. This typo of bomber
xui understood to carry u load of eighty 40-pound bombs, or 3800 pounds.
rfith world attention focused on military aircraft development, another
10 years probably will see bombing planes capable of operating from
altitudos of 40,000 foot at speeds in excess of 300 n.«lnj per hcur.
exhibit C chows the trend In speed and colling for U, fi. bombing
aircraft since 19i*g,

(8) Bombing aqouraoy. It properly may bo reasoned that lncroaoas
in operating speed and altitude deoraaso bombing aoouraoy to a high
degree and that thu difficulties of locating bortbing objectives are
also aultlplisd. It should be reoognlasod, however, that large area
targotH for the defonso of which a gun is being oolected, do not ro-
qulrc a high degree of bombing aoouraoy end that such targets ere ndt
difficult to find.

£• 2P£?-k $P£?$l JiA&aA& J&aHSRfi.' hitting volumes are assumed herein
to vary in q particular monno7 wltnTthe number of uooful fragments produced
by tho shells, A weighted hitting volurao was computed for each caliber
considered, based on th*> assumption that a fragment denoity of one fragment
por square yard la required to cause a destructive hit.

W JfoW comp^tod. It is easily seen that the chance of damaging
a target with any gun is direatly related to the volume of Its shell
burst. That tlie volumes of bursts vary with tho sliso of the projec
tiles and are of the sane genoral ohapo is generally aooepted, though
the exaot relation betwoen bursts of difforont calibers probably is
not known. From a consideration of burnt volumec alone, tho largest
;motioablo caliber undoubtedly would bo sought as a means of in
creasing hitting probability. The data on shell fragmentation for
calibers up to and including five inohos v/ore obtained from Ordnanoo
Technical Staff studies dated January M, 1938, and were the same as
used in compiling Exhibit g of Hofcrouce 1, Tho number of useful
fragments used are shown in the following tublei-

3-inch AA shell
90 m

105 ms
5-lnoh
IBS ma

number of affeotlyo fragaants
~8crcen go. 1. s, and b)

578
708

> 5-lnoh 58,08 - 908
^ IBB ma 98 uoo -

for purposes of this study the 88-pound, 90 mm projectile and the 54-
pound, 5-lnoh projectile wore assumed to give the same number of ef
fective fragments as those tabulated above* Accordingly, the last
mentioned weights were used throughout. The masher of frasments for
the IBB sheU was obtained by extrapoUtion based on effective fragment

- 7-
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differences between cmlibore up to five lnohco. The general form of
burst pattern in fragmentation tests, upon which la based the present
target practice hitting volume, was accepted as correct, iJootions of
the volume then were weighted according to tho number of fragments per
square yard of cross sectional areas In the column and according to
number of fragments por square yard of surface on cylinders of differ
ing radii cutting the plinth, assuming the axes of ouch oyliudoro to
bo coincident with tlie trajectory, or oolumn axis. About 18 percent
of the weight of high oxplosive shells is lost in largo fragments of
tho base which are projected rearward at low volooity, Thio faot in
fluences the weighted volumes very littlt* because tho number of large
base fragments which arc not effective is low, probably lass than six,
31noa tho woighted volumes ore computed from tlie total number of ef
fective fragmonta ranging from 400 to 1100, a reduction of thoce
nuaborc by only fivo or six is negligible, Tho fragmentation tests
themselves have not been as extensive as desirable to establish an
accurate relation betnoen various calibers as to number of offootlvo
fragments, but error In fragmentation estimates herein should not dis
tort seriously tho size relation of various wolghted hitting volumes.
A sectional view of half the assumed hitting volume is shown by Exhibit
H.

(jj) Fragmentdensity required for dootruotlye of foot. The assump
tion that a fragment density of one effeotlvo fragciont pcii* oquant yard
will result in tho destruction of an airplane was borrowed from a con
fidential Navy Board Report No, 16 - "AA Gunnery, Damage ,;ffeat as
Determined by Tests Against XF7U-1 Airplane (Navy)," dated 27 October
1937 - which covered aotual tests wherein B-lnoh antiaircraft pro
jectiles woro statically detonated near a modem all»wotal airplane.
From theso tests it was found that fatal damage whioh will bring down
an airplane either 1>amidlately or later requires on tho average an
accumulation of 1,0 fragment hits per square yard, a figure which is
In agreement with results of testa oonductod by the Army with 3-inoh
antiaircraft projactile* about 10 years earlier. In the Navy testa
fatal dumnge effects were classified as either Class A or 8, Oloas A
fatal damage was token as that typo whioh will bring down a plane
immediately and was found to require on tho average an uoouraulatlon
of about 8,8 fragment hits per square yard. Class 8 futal damage was
taken a« that type whioh will bring dorm ^ho plane either imaediatoly
or later end was found to require only the accumulation of 1.0 hits
^r square yard. The Class B type of fatal damage was adopted as the
basis of comparison used throughout this study,
e. Kit expectant, Hit expectancy curves for various calibers were

assumed to conform generally to the shape of that for the 3-inoh gun and
to bear a relation thereto based on time of flight ratios and shell hitting
volume ratios, Xnsufficlsnt data were available on firings of guns other
than 3-inoh on which to base hit expectancy curves, hens* the use of the
3-inoh curve as a basis became a necessity. Two variables affecting the
overall accuracy of the entire system, tlnu of flight and hitting volume,

-8 -



NOV 2 3 2016

-SECRET * .

were belloved to admit of fairly aoaurato dotorminntlon and hence were
used ao a moans of deriving oxpootanoy ourvoo for the various calibers
from tho 3-inch uurvti,

ill - niMu^tiu;

**• Jyo^.ruoi'iy^ J'l.t expectancy.
&• £?Q3£&SPa a ,jowwi of cociporine oalibors hao boon devised, based

on a standard of measure whioh will bo called doutruetlva hit expectancy.
Thin oXi'wctancy, aloo montlonod above in psrngrs||i 0 o, is expressed in
percent. One hundred percent hit expectancy is taken to nioan that the
target has boon subjected to gun firo, the cumulative offoot of which has
equalled a frngrwnt density of one por square yard and that destruction
of the turgnt i» cxpootod to havo benn aocompliohod,

7• JfoffiPfl of obtaining nit exp_oo_tanoy.
a,. The first ntop doameiTneoecsnry in obtaining destructive hit ox-

pectnnoy mm the construction of hit oxpootonoy ourvoa for oingle rounds
in conformity with the proper baoic assumptions, These ossunptloiui will
bo recalled aat ^rodiotion errors vary directly as tho tlr-w of flight,
and otltor firo oontrol orrorn are assumed to bo tho homo us for t)ie 3-inoh
antiaircraft >rw.

(*' ^QHrjQ" of busip, Aotfu
'&' £4*U°£ £&£&, Tho Qi«llt *!<»fi» l'.mit« of the 30-sesond

time of flight for various caliboro arc ahowji on u oJiart marked
exhibit ;>. The data for the 3-inoh and 103 mm curvoii on .-Jxhibit

T) wore obtained from available firing tublos and trajectory charts.
Time of flight for calibers for whioh no firing tables wore avail
able has obtalnod from curves shown on 'ix)iibit Y nupplonsated by
data extracted from ballistic tables, 'Cho graphioal chart marked
'Mdblt !• was oonntructed by interpolation on chart 1, inoloood
an Exhibit A-8, At least ono point on each interpolated ourvo
was chocked by meuna of bnlliotio tables, nnnuwing forw factors
for all projectiles to be tho sane nn for the 106 mm aa Shell
1538, These curves therefore are believed to bo auffloiently eo-
ourate for purposes of this study, Tho curvo for the 105 na
projectile with a muzzle velocity of 3800 f ,s. in Jixhibit T was
oopied from Jixhibit A-6. -"-

Qi) St&&M&J&l$&S!eSfA iSMH, JMEfiSUfficotJLpe results.
Since sufficient data cased on aotuaTFirings wora%Yalia\To~only
for the 3-inoh antiaircraft gun, hit oxpoctancy curves for all
other calibers necessarily were based on the 3-inoh curve. The
lilt expectancy curve ehown on Jixhibit 0 was based on firing
table probable errors and the present target practice hitting
volume for tho 3-inch gun. Points corresponding to the uverage
slant range were plotted on tho graph against percentage of hits
obtained for each 1030 target practice course, omitting the Port
Brags firings. Data were thus available, based on 147 courses
representing e to^^fjyMjvugds fired, which approximately
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confirmed" tho firing tnnlo hit orrectwoy eurvo betweon iX)00 and
8000 yards slant range. Since thoae data confirmed tlie Bhape of
tho curve and tho magnitude of tho curve ordinatos within tho
lJUltB iaontion?d, the remaining sectlono of tV.o target practice
curve were mnde to conform in nhape to tho firing tabic probable
orror curve.

(*) Ooraputntio)! of hit expectnnoy curves. An not forth in
,;oforoiioo 2 (Ooerot letter, OADourd 471.11, Jnminry 5, 1939, to chief
of Coast Artillory, subjecti Ifitting volume 3-lnoh antiaircraft sholl),
the Coast «rtlll«ry Toard bollovoo tho target pr»ictic« hitting volume
used ut proaent is too largo, and consequently givos r, hit ©xpootanoy
ooneidon\bly higher than reasonably con bo oxpootod. Afloopting tho
now hitting volume an being suitable for comparative purposes, ordl-
natos of the -j-inch eurvo shown on Hxhiblt I woro doto mined by re
ducing the ordlr.utes of tlie 3-ino)i target practice hit expectancy
curve, on :-,*xbibit 0 by an aiaouat proportionato to the difference be-
tvioen tlio prusunt target practice hitting volume arid the woightod
hittiiit; voliBtts usaumnd in :leferenoe S and nhown or. 'Ixhibit II. From
tho wuightod 3-inoh hitting volume shovm in tho 3ant named exhibit,
it was found tnat tho probability of one shot being a dostructlvo hit
was about 10 percent of the probability that it wouK full in the
presont 3-inoh tan;ot pritOtioe hlttin.; volume. The 3-inoh eurvo
shown on inhibit I iu bused on this reduced probability. Che ordinatos
of other curves on .Exhibit I were based on tho 5-lnoh eurvo thoroon.
Tor inatanae tho valuo of tlio ordinate for the 105 m eurvo oorraflsond-
iug to the X abacinna for 7000 yards slant range was obtained by tlie
following Mathematical oporatiom

0 e a x b x d_ ,
o" e

whore 0 z Y ordiiuito for tho 105 nw eurvo oorrosporaing to
tho abscissa for 7000 yards oltint range*

a a Y ordinate for tho 3-inoh curve at 7000 yardc slant
ronne, tukon from Wxhiblt I,

b s Timo of flight for tho 3-inah projectile for 7000
yards slant range at 800 rails angular height,

o 2 Tira of flight for 103 mm projectile for 7000 yards
slant range at 800 rails angular height,

d s Assumed 105 ram weighted hitting volume,
a s Assumed '-3-lnoli weighted hitting volume.

To tfuiaaarixo, it should bo notod that tho single shot destructive
hit expectancy curves cover all ranges within thirty aeoonds timo of
flight for tho calibers in question and incorporate probabilities oni

(ej Prediction errors, whioh were assumed to vary directly
with time of flight.

(bj Hitting volumes, appropriate to eooh caliber, which
"SECRET"
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were computed on the basis of number of effective fragments,
(o) other fire control errors inherent In the 3-inoh gun

syetem based on aatual target practice results.
The single shot destructive hit expeotanoy, or probability that a
particular ehot will result in destruction of the target as taken
from Sxhlbit I, horcaftor, will bo referred to as field probability.
At an averago range of 9000 yards for the 3-inoh gun it will be noted
from iSxhiblt I that tho probability of a destructive hit is 3/10 of
one percent, or that 333 rounds would be required to destroy the
target. Uuoh figures seemed to be within reason and therefore the
3" ourvo on i-^thlblt I was uooeptod as a conservative basis upon whioh
to build a comparison of larger calibers.
&• J^J&PAR^iPa £f-W5*X £f-*SJ5$s £*£»£• From the shape of the

trajeotory envelope it is apparent that a target may be token under fire
for progressively shorto.» time intervals as the altitude inoreases. The
length of time during whioh a 3-inoh Mitiairoraft gun can firo at a 500-
mllo-por-hour incoming target, before It reaohou tue overhead dead area,
woe computed for various altitudes and Is shown graphically by Exhibit L.
Using a rate of fire of 85 rounds per gun par minute and liorlnontol dis
tances obtained from the breakdown chart marked Exhibit J, the number of
rounds whioh can bo fired by a 4-gun battery was computed. Tho same data
for other calibers were computed using applicable rates of fire and charts
similar to Exhibit g, and from these data were drawn tho curves on Exhibit
K showing maximum cumber of rounds whioh a 4-gun battery of given caliber
eon fire on an Incoming target, It will be noted that for altitudes up
to 10,000 yards the 106 m gun exceeds the other calibers in number of
rounds fired but that above 10,000 yards altitude the guns soon arrange
themselves according to magnitude of caliber. If a minimum of 10,000
yards altitude is considered the 105 on is obviously indicated as the
optimum caliber from the standpoint of possible rounds fired. However,
the effeetlve volume of burst also must be. token into consideration in
order to determine a more nearly oorreot measure of hit expeotanoy. At
tention is invited to the fact that tho length of tine during which a
battery can fire on a directly Incoming target (ffe • 0) before It reaches
the dead area above tho battery is found as follows i

X 9 SO 4 a - b,

where x equals the time in seconds during which battery is firing!
a equals the time in soeonds tor the target to travel from

fuss range 90 to the intersection of its path with the
trajectory for a quadrant elevation of 60 degress,

b equals the time of flight of the projectile to the lnter-
sattian mentioned for "a* next above.

_, m% . iaSjtJaULii; »• brssmmom* chart (maxked Sx
hlbit I) was also used in conjunction with field probabilities taken

QECRCT--
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from iixhlbit I to find wnon Vu> Camillatlvo oxpcstod offoot of roimdfl
fired would amount to orm destructive hit for n 3-innh four-rnm bat
tery. In each cmno tho bursts of the firnt nnlvo were osounod to
occur at the inntout vihon the fcnr^ot anno within 30 eoaowln fuz-.
range, it will be notad that -She horizontal linos correapondinu to
altltudos at 1000-yard Intorralo have boon divided into aonon hotwoen
ulant nmr.'o intervale of 1000 yards, liy uco of a rate of firo versus
travel scalo tho number of wands for oaoh 1000-yard slant range ••'•one
wus found and to thin mis added the nunbor of rounds gained diiri?i.;
u timi intonml i*;uul t- tlx timo of flight difference for the Unit
ing'slant rrmgos,

la) locfttion^of ^r^ot_when obstruction m^ b/^ogpootwl.
Using Tho nverai;n" simit rongo* for a"aoYlobO~yiml eTunt rangw zone,
tho probability of obtaining a rtootruotivo hit in ofioh zone was
computed by multiplying the number of roundfi falling therein by
thy appropriulo field probabilities taken from ourvos on Srhlbit
I, lleglnnlng with the deotruotive hit probability for the 1000-
yurd ulant toiiro aono n«xt inoido the JJO-oooond fueo range curve,
the probabilities for ouch aonoe wore added uuoonneivoly along
each 1000-yard nltltudo level until tho sum equaled unity. A
eurvo drawn through tho points at which those aunts equaled unity
wau token no tho limit of maximum rilunt ranges at Which it could
be oxjiootod to dootroy an aircraft approaching in rootllinftar
flight at 300 niloo per hour, finch limiting ourves, both for
:j/10 of one dostruetlvo hit and aloo for one full aestruotlvo
ait, wore aor.putod fron charts similar to Inhibit y for four-
gun bnttdrieo of each dalihor under study and am shown on
Kxhlble h. From Mxhlblt M it will bo notod that the 3" gun
bat lory ;>iveo tho optimum hit expootnnoy., although It slums
ouly a alight advantage over olther tho 105 i*i or 156 tm guns*
The oliart indicates that, undor tho aauuraptlone of this study,
none of fch.i battorlos eonslrierod is onpable theoretically of at
taining an entire destructive hit on 'in Incoming target, nt
altitudes of 7200 ynrds or above, before it ruuohes a point over
the battery. Maximum altitudes at whleh a target may bo brought
under firo together with tho nwabor of rounds whioh can bo fired
on a 300-nlle-per-hour incoming tar^ot uro not shown on Exhibit
M but way bo road dlreotly from Kxhibit K.

(b) Firo effect nt V£rtous_aHUuuea, Jinee exhibit K
investigates only altitudes" below* To7oocTyarde altitude it Is
thought desirable to lnveetigate the effects of fire at higher
altitudes. In order to present a gmphieal comparison, charts
marked Exhibits JT-1 und K-£ wore propared from data available
on the brookdofln ohnrts similar to Exhibit J. From those curves
i»y be read tho cumulative fire street nt any altitude from 3000
yards to the noxious within range. Exhibit tt-8 deslo with alti
tudes above about 7000 yards and Xxhiblt N-l on a smaller scale,
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with all altitudes above 3000 yards. At eaoh altitude there Is
included tho entire cumulative effect of fire of a four-gun
battory engaging a 300-mile-j»r-hour incoming target (% » 0)
with initial bursts at fuss range 30 and firing at the assumed
rats until quadrant elevation roaches 85°, From these graphs
it appears that at altitudes between six and nine thousand ynrds
tho 105 mm, D-inah and 165 m calibers liave about tho seme hit
expeotanoy, with the 0-inch leading. From an altitude of 6000
yards down to 3000 yards the 0-ineh lilt expectancy increases
considerably over tlie ottier aalibers considered. Above 9000
yards altitude tho expectancy curves soon arrange themselves
In order of calibor bIbo, tho 165 an leading, Based on data
token from KxUblt H-8 there Juts been prepared tho chart marked
Jixhibit 0 from which en idea may be gained quickly na to the
relative efficacy of various cullhers at altitudes of 10,000
yards and above, It is readily apparent that no gun considered
gives hit expoetanclcs as groat os ero neodod at tho extremely
high altitudes and that an increase of caliber is essential as
the altitude of target Inoro&sea, On tho other hand It appears
that practical limitations In the Height and nizo of a portable
gun make it neoesoory to compromise by accepting a smaller cali
ber with a somewhat lower hit expeotanoy at the necessary high
altitudes, but whioh can develop comparatively high hit ex
pectancies throughout the remainder of its useful range.

IS) SPSJWS&L S^l'J'S.la0!*/ cffeotjK Iloforring again to
tho question of muscle velocity, \*lcVwas previously mentioned
in paragraph 5 5 (8) (b), it is possible that an lnoreased nuz
zle velocity nay be found feasible for calibers up to a oertain
size but perhaps Impracticable for larger calibers. Higher
muscle velocity is expected to give increased range nnd reduced
time of flight, two most desirable lmprovemonts in tho character
istics of any weapon. In ordsr to compere tho effects of hlghor
muBsle velocity on hit expectancies developed at 8800 f.s. under
the conditions of this study a graph marked Jixhibit P lias been
prepared. On this chart are shown four hit expeotancy curves, the
100 mm sad the 5-lneh £800 f.s. curves taken from Exhibit H-l and
the 3800 f.s. curves for the same calibers. The two latter curves
were constructed In the same manner as were the £800 f.s. curves,
utilising data from special charts similar to those presented by
Kxhiblts JP, I and J. It Is of special Interest to note from these
curves that the ordsr of errengensnt for the hit expectancy curves
developed on a basic of 2800 f.s. mussle velocity tor the calibers
eonsldsred, is not disturbed by a ohange In muscle velocity. A
gain of about 3000 yards in maximum vertical rang* also is indi
cated tor the 400 f.s* increase in mussle velocity, this chart
also tends to show that were cm increased mussle velocity attained
In a oaliber of about 100 mm and not tor a gum of approKljeately
5-ineh oaliber, the former mi^ht possibly become the mors effective

•SECRET
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gun, both as to maximum rango and hit expectancy. At the
present time It seems dlffloult to foresee what Improved mus
sle velocities may develop in the near future, or whether such
improved velocities will be attainable for all calibers within
the else bracket under study. For this reason It Is believed
that a proper aolcctlon of caliber, suitable for any heavy AA
gun considered necessary, aay he contingent on the outcome of
ordnance studios on Inoreased musslo velocity uontionad above
in par, 5 a (£) (b), The maximum caliber for tthloh an Increase
of muscle velocity is feasible may vury considerably. Further
more the amount by which muscle velocity may be increased foi\t
a given caliber also may vary, thus Introducing suoh a great
number of possible combinations as to mako Impracticable any
conclusions before toussle velocity limits aro known. It Is
therefore considered noceesary In this study to draw comparisons
on n basis of equal mueele veloolty for all oallbore,
(8) Targets at selected attitudes. on various courses, In order

to oxtend tho Investigation of comparative capabilities of AA bat-
taries of various calibers, hit oxpeetanoy curves at tlirae selected
altitudes were constructed as shown in Kxhlbite <l-l, a-2, and »-3.
Heretofore only directly Ineoming Courses have been dealt with and
It Is believed profitable to study other types of courses to insure
that other possible trends of hit expectancy curves will not be
Ignorod, The cumulative fire effect for each of sovoral reotllinear
jwsslng courses at various minimum boriaontal ranges was computed
for the entire time the target was within range. The value of tho
cumulative hit expeotanoy woe then plotted as on ordinate with an
abscissa corresponding to the minimum horizontal range of tlio course,
Tlie loci of suoh points formed tlie curves as shown for tho particular
oullbers. From the method of constmotion it Is anen that ordlnetes
of each curve shoe the total cumulative effeot of fire by a battery
of given caliber on courses whioh come nlthin range at the particular
altitude for which the graph was prepared. Altitudes of 7000, 10,000
and 12,000 yards Here chosen to mako comparisons possible at higher
altitudes. From these charts it should be noted that the results
of the comparisons based on incoming targets as shown In Kxhlbite
N-l and N-S are oonfinatd by a consideration of all other rectilinear
courses. Exhibit Q-l also confirms the indication by previous ex
hibits that fire effect for the 8800 f.s. ICO ma gun will be negligi
ble aft altitudes of 18,000 yards and above.

8. The u,——.
a, nation%' 'eMjk&s of attack^ By utilising data taken from

ourves presented in Exhibits li-l and H-S it was found that curves of equal
destructive hit expectancy could be constructed as shown In Bxhibit n.
For example, by taking from Bxhibit n-fl the altitudes at which various
oelibers show « destructive hit expectancy of 100 percent, replotting

-SECRET"
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caliber against altitude, and connecting these points, there can be
formed a smooth curve from whioh can be read tho maximum altitude of
attack at which a particular caliber may expeot a full destructive
hit. In otltor words, this curve shows tho Maximum altitude at whioh
a particular caliber four-gun battery uay expect to destroy a direct
ly incoming target by the time it reaches a quadrant olevation of
85 degrees* From an Inspection of Kxhiblt I? It will be noted that
for altitudes up to about 10,000 yarde tho ourvos of equal hit ex
peotanoy show a point of rnxlmum altitude value, or hump, near a
caliber of approximately 5 Indies. Above about 10,000 yards alti
tude it will be soon that the curves contain no humps and that if such
maximum points occur they would be off tlio ohart toward a higher cali
ber than 165 an, if tho points of maximum ordinate value for those
curves be connected by a smooth curve It Is obvious that such a curve
will Indicate tho optiaum caliber for any particular altitude. This
curve is considered to indicate thati

(1) The optlraum caliber gainst attacks between 3000 and
10,000 yards altitude varies betwoen approximately 4,5 and 0,5
indies,

(8). For attacks above 10,000 yards tlie optimum caliber
Increases rapidly from about 5,0 inches to an undetermined
limit.

£• Rel^l^SPLpL£Pl^3^^A^£.l0^Q^iS^oaXi^9VBt An optimum
caliuer having been accepted aV"appr^^^ly"that indicated by the
optimum caliber curve constructed on Sxhibit R, It is now possible
to compare the efficacy of j>artleular oellbers with that of tho
optimum. Since the optimum ealiber has been shown to vary with the
altitude of attack: the comparison Hill necessarily be made throughout
the altitude cones which fall within range of a particular gun. This
comparison has been effected graphically on the chart marked Sxhibit
8. On thleobjut has been drawn a curve corresponding to oaeh of the
oellbers treated specifically in this study. From the graph marked
Sxhibit H was taken the fractional part of one destructive hit by which
the caliber in question was exceeded by tho optimum caliber at a par
ticular altitude of attack. This fractional i«rt of a destructive
hit was rsplettsd along the abscissa In percent, with an ordinate
equal to altitude of attack, as a point on a caliber curve of axhii.lt
S. The curves constructed on this exhibit nre the loci u$ similar
points for which data were taken from Kxhiblt R, The optimum caliber
on Sxhibit S is, of course, represented by the vertical line at the
acre abscissa. An Inspection of the Ust named exhibit further assists
in the Interpretation of the data presemted by Exhibits K-l and K-8,
the seme data being presented graphically In a somewhat different manner.
Kxhiblt 0 also Indicates thati- '
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(1) Tlie 5-lnoh caliber la nearer to tlie optimum than the other
calibers shown when an average loss in offioeey is considered through
out the altltudo rnngo,

{£} Calibers larger thun five Inches are nearer tlie optimum
only for attacks above 10,000 yards altitude,

(3) Below 6000 yards altitudo the 5-inoh caliber la nearest the
. optimum by a wide margin, ooimidoring only tho oalibers for whioh

curves are drawn,
0. ^tl\xmcor^tJ^nj^^i^^ttJioy^Q^^^ijU It is vory obvious

from a* ooMrdera*tTon oY\1fo"da"ta"^msnfarl)resontod, that future improve
ments In aircraft porformanoo may force the adoption of spoalol weapons
selected to give ranges long enough to roach tho turgot ovon at tho
sacrifice of officiant performance at medium ranges. Tho maximum alti
tude whleh can bo reaohod by the 5-inoh gun, even with increased muzzle
velocity, and u fu2e rungo extended beyond 30 seconds, may not be enough
to take under firo bombers of the future, tTntll that time cones it booms
logical to consider tho longest rnngo weapon giving aooaptable performance
throughout its effective range, provided that range reachoo above present
ceilings of bombing aircraft by a reasonable margin. In tho opinion of
the floact Artillory Board, flvo inches is approximately tho caliber of the
antiaircraft gun whioh fulfills those oonditlone,

9. Need for a, mobile heavy antlaJLroraft pun. From standpoints of
economy, ease of namnbotoiraand Wotleal organization and control of anti
aircraft artillery, it would be highly advantageous to employ only ono
caliber of antialroraft gun. Since now wo are to have two guns, the 3-inoh
and 90 mm, it is tho more laportant to avoid o third caliber if praotioable.
However, a study of the comparative data presented is convincing as to the
need for a weapon more powerful than tho 00 nm if attacking aircraft are
to bo taken under fire at the altitudes visualised. An inspection of
Kxhiblt 0 and Tf-8 oeema amply to indioato tlio necossity for an antialroraft
gun of larger caliber than 90 mm. From these charts it 1b seen that the
90 mo and 100 mm guns reach maximum altitudes of 11,000 and IS,000 yards,
respectively. If aircraft flying at altitudes of 12,800 yards arc to be
taken under fire, a gun of less than 5-lnoh caliber with 8800 f.s. mussle
velocity cannot fulfill the requirement unless a time of flight longer
tho* 80 Seconds is employed. All points considered, it is believed
preferable to accept the increases Implied by a larger caliber w*apoa
rather than to employ the longer time of flight required by a smaller
caliber. While it la true that large increase* In maxloua range at high
quadrant elevations are not attained by an increase of caliber from
about 103 was to five Inohee, a small extension of rang* at the
altitudes in question assumes groat importance when aircraft ceilings
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are son*Id*red. It Is known that avery 1000 feot added to the ceiling
of a loaded bomber introduces additional teehnioul difficulties In
aircraft design and operation, If tho defense oan develop an AA gun
with a ranee long enough to oxtend into tho future suoh difficulties
for the aerial attacker, it io believed worthwhile to acoapt some of
the objectionable features of a heavier AA gun. For the defense of
large area targets the Cosst Artillery Board believes that a heavy AA
gun having a longer rawo then tho 105 mt 8000 f.s, weapon is defi
nitely Indicated,

10« Height. a. .linae high mobility io not essential for a gun
with tills tnotloal role, tho overall weight of tho gun and carriage
Is not bolleved to prohibit a caliber as groat no 155 raw, corajwnent
loading could be resorted to if tho weight of a single unit mount
became prohibitive for roett moveiaonts. Although an lnoreaee In muscle
velooitlHS above 8000 f.s. Hill necessitate somewhat heavier con-
stauation of guns and mounts in order to cope with resultant increases
In mucBle energy. It le believed that suoh addod wolglit in Itself will
not make impracticable a caliber as greut an 155 en. No data are
available as to what maximum rautusle velocities may bo expected for
various caliber AA guns within practicable wolght limits, but It is
understood that should higher muzsle volooitien be attained for a
tflven caliber, equal velocities may bo practicable for larger calipers
without reduction of aoouraoy life beyond an acceptable nlniraum, Tlie
overall woi^ht of the gun and mount thorefora has not been considered
to Impose a restriction on the size of caliber for AA guno up to and
including 155 mm,

£" /SW&a^SPa iJcrvioe of tho piece and acEmnition supply should
be oonoidered. as tho caliber lnoreasos above a curtain point it be
comes neoessary to resort to separate loading amunitlon because of the
greet weight of a single round, Howovor, tho assumed rates aro expoctod
to be met through Improved mechanical ranwlng features, whether fixed
or separate loading ammunition la used. As tho caliber lnoreasos,
fewer shells arc expended as a result of a reduced rato of firoj hence
the total weight of aiotunitlon used la not exported to dwaif* greatly,
nor is ammunition manufacture and supply expected to be imdo more
difficult.

movement of the gun in one or more loads over good roods'and at low
speeds, is considered acceptable for weapons of this type, Tho employ-
mesft of this gun as now visualissd probably will not require rapid road
noveawmta and sufficient time will be available for emplacement. Spe
cial preparation of emplacement positions probably would be aoocptable
if not extensive, targe ares targets of such importance as to make
AA defense imperative will not be subject to frequent change of status,
hence the defending guns, having once bees assigned to an area, will
bo required to move infrequently.

ibmtpr. A design whioh admits of portability} that Is,
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18. aunaary,
a. Given the problem of determining tho adequacy of existing and

projected antialroraft artillery and of deciding on the nature of develop
ments In tho Immediate future to meet such inadequacies as might be found
to exiet, the Ooaat Artillery Board dovlssd a toohulque for pradiotlng the
destructive effect of any antiaircraft cannon under any given set of con
ditions. This technique la laaed on the following facta and aosuwptionai

(1) Rate of fire and weight of projectile.

Caliber .?elnht of projectile

3-lnoh

90 am
105 mn
5-lnoh

155 mm

12.5 lbs.

22

33

54

96

Rate of fire
[Rounds Per minute).

85 (Hand loaded)
20 " tt

80 Uutomutlc ranmer)
15

10

(g) destructive effort of one projootlle. Gonsidprine one frag
ment por square yard' {'cumulative) to be dostructlve, available frag
mentation data wera extrapolated to include the shells under consider
ation, the areas covered by each with various fragment deities were
integrated, and the resultant weighted danger npaooo oonpored with
that of the 3-inoh shell Uark IX (assumed to be unity) no follows*

Caliber Hatlo to 3-lnoh shell
3-lncn 1.00
90 mm 1,38
105 mm 1.79
5-lnoh 2.60
155 mm 3*21

(3) The, target. This was assumed to be a bonburdiaont airplane
flying at 300 miles por hour on various ooursoa and at various alti
tudes up to 40,000 feet,

(4) The probability of hitting. Target practice roaulta with
3-lneh materiel were ooapared with firing table probabilities and with
the destructive effect of one projootlle (subparagraph (2), above) and
the probable number of rounds required to aesure one destructive hit
by a 4-gun battery was established for various slant ranges. Time of
flight data for the various projectiles under consideration were de
termined from ballistic tables. Then, for any projectile under con
sideration, the probability of one destructive bit at any range was
considered to bo the probability for a battery of 3-inoh guns multiplied
by the ratio of the time of flight for the 3-inoh projectile to the
time of flight for the other projectile under consideration and further
by the ratio of the danger spaces as listed In subparagraph (8), above.
On any given course, the number of rounds bursting in the vloinlty of
the target from the battery under consideration was readily establlehed

- 1G -
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frcai the time of flight, rate of fire, and target epeed data available.
From the probability of hitting data, the number of dostructive hits
to be expected at all representative altitudes on all representative
courses was determined for each type of weapon under consideration.
These data are shown graphically in the exhibits attaohed.
b,. The ideal antiaircraft cannon, or that one whioh will assure the

maximum number of destructive hits, is found to be elastic, varying in
caliber as altitude increases. Above 7800 yords altitude no battery of
four guns oan fire enough rounds to assure positively one destructive hit
In the tine available before an Incoming 300-mlle-per-hour tarrist reaches
a quadrant elevation of 85 degrees. Above about 10,800 yards, no 4-gun
battery can fire enough rounds In this available time to asaure the destruc
tion of more than one In five of the targets token under fire. This de
structive power doorcases rapidly above 10,000 yards altitude, becoming zero
at the maximum fuze range of the gun under consideration. This was takon
in every case to be 30 seconds,

3s i^^iP^^—Oannon for fuj^urojievelonaent, The Board thon con
sidered the foregoing data and decided ThaV"the~probablllty of ultra-high
altitude bombing in the near future up to 40,000 feet was ouch as to mako
necessary the development Of a cannon capable of taking under fire targets
up to approximately that altitude. Riamlnatlon of the capabilities of
various weapons Indicated that a 5-inoh caliber firing at 2800 f.s. muzzle
velocity Is the minimum oapable of reaching about to that altitude with a
30-second fuze range. At 8800 yards altitude, five inohes represents tho
ideal caliber. Below 8800 yards, the difference in destructive power between
a 5-inoh and the Idoal caliber is negligible. The Board therefore believes
that development of a 5-lnch gun should be initiated. In arriving at this
belief the Board took into consideration the probability that fire control
developments under way will make practicable the utilization of the range and
power of such a gun. The Board considered also the importance in the aoouraoy
of antiaircraft fire attributed to a short time of flight to any given renge
and believes that tho muzzle velocity of the proposed gun should be increased
above 8800 f.s, to as near 3200 f.s, as praotioable. The conclusions and
recommendations of the Board are presented in detail in the succeeding para
graphs,

IF - GONCLUSIOHS

13, The Ooaat Artillery Board oonoludes that!
a. In the near future effective bombardment of large area targets

from altitudes as high as 40,000 feet may well be feasible,
b. Frcsont antiaircraft guns either built or projected are not effec

tive against targets at suoh altitudes,
£• A need will exlct in the near future for an antialroraft gun

capable of taking under fire targets at altitudes mentioned In &t above.
d. It is both desirable and economical In the long run to develop a

weapon with ample range to meet expeoted advances in high altitude perform
ance wboabing aircraft for eeveral years to come.
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e. The important characteristics of ouoh a heavy antiaircraft gun
are as* follows!

(1) The gun should bo roaoonably affective against targets at
extremely high altitudes.

(8) A comparatively high hit expectancy is desirable throughout
tho effective rnngo of the weapon without sacrificing efficiency at
short and medium ranges.

(3) limited mobilltyj i.o., portability, Is acceptable.
(4) Tho highest- practicable tauzzlo valoolty compatible with an

aoauracy life of at loast 1000 rounds la desirable,
(B) >/echanioal roaming and separate loading ammunition raiy bn

necessary and are considered acceptable.
f. when over-ell hit expeotancy Is oonsldorod, both above and below

9000 7arda altitude, a 5-inoh gun Is noarest tho optinum oallbor, guna
being oomparod on the same mizzle voloolty basis. '

&. Since tho 5-inoh caliber is nearest tho optimum, nil calibers for
whioh data have boon presented being oomparod on tlio baols of tlie oamo
muzzle velocity, It follows that some other caliber may prove to bo noaror
to the optimum If that other caliber can bo raado to utilize a higher
muzzle velocity than Is praotioable with tho 5-lnoh.

h. If tho rosearoh now boing oonduoted by the Chief of ordnance in
dicates the possibility sot forth In subparagraph £, next above, then tho
study contained In this report is Inadoquato to determine the caliber
nearest tho optimum and additional studios should be uuthorlzod based on
the facts then apparent,

7 - !US00WsB»DATl0K5J

14. The Coast Artillory Board roooaaondo tliat:
a,. Pending the outcome of investigations montloned In tho next suc

ceeding subparagraph, five inches be ooneldored tho most desirable caliber
for a lieavy antialroraft gun.

b. The Chief of ordnance bo requested to expedite the Investigations
outlined by him in paragraph 8 of his lottor of January 19, 1939, Included
as Exhibit A-l, with a view to increasing tho rauzzlo velocity of the anti
aircraft cannon from 8800 f,s, to as near 3200 f.s, as may be practicable,

c. In the event that any feasible Increase in muscle velocity for
the 105 tea gun iff also found practicable for e-inoh guns, the Chief of
ordnance be requested to initiate development of a heavy antiaircraft gun
with the following general characteristics!

(1) Oellbert Approximately five i nohoa.
(8) UUasle velooltyt Not Iocs than 8800 f.s, (See subparagraph

b, above,)
*" (3) Ifebilityi Limited. (3ee paragraph 11, above.)

(4) Date of fire: At least 15 rounds per minute and higher if
praotioable.

-SECRET1
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(lij Zilovationi Oun tq^uoapublp. of firing from 0 'h^rees
to 85 decrees and to bo stable at all elevations above 300 mile,
d. In the event that such increase in auzzlo velocity ubovo

2800 f.s, cm inoy be found praotioable with tho 105 ram gun cannot bo
applied to the proposed 3-inoh gun without greatly inoroasing its
overall weight or decreasing itc aoouraoy life to lose than 1000
roiinda, tho question aa to thu caliber of tlie propoood woojjon be
rooponed and again referred to tlie Coast Artillery aonrd for study.

Exhibits a to 3, inclusive,
acoonpanying.

... v., iic...^:t
Colonel, Coast .jMsillery "orps,

'raoldont.

Authority: EO13326
Ghief, Records &DeclassDlv,

NOV 2 3 2016
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KXJIIBIT A-l

Co«et ..rtillery Board i»roJoot 1153
Henvy Antiaircraft Oun

'ffioo of tho chief of ;!rdnanco
'.rashington

NOV 2 3 2016

#0 472,93/6048
January 1(J, lu;i9,

•Uli3:r,^t i'oavy .ntlalrcmft -un, :'ob.llo Typo,

\)i chief ;jf "uafit .-.rtlllory.

1. Tho design of ti*o 'JO rxn .ntinireruft robilo Oun and i":orriago lias
advanced to ouch a point it 1» now posaiblo to start tho design of a
larger caliber untiuircraft ,;uii and mobile uount,

2. Comparative studios have boon made of antiaircraft gunH of calibers
above 90 ma, an follows;

105 m Gun

8-Inch.Navy f-un
155 mm dun

In these studies, the following factors Imve boon taken Into consideration;
a. Tine of flight of 5", 105 mm end 155 nn pro.lootilos - Chart il.
b, :iatoo of fire.
a. Ilunber of offeotivo fragments per minute for above eallbars -

Chart J&»
_d. ilstlmated weight In traveling position mid ooatfl of the above

units.

e. Probability of hitting vs. tine of flight - Chart '3.
jf. Travel of piano between shots vn. baliber - Chart >*4,
«. Time of flight - 105 ma A„A. nun opeolal projootlle - .Muzzle

Velocity 3200 f/s - Chart <?5.

3. Referring to Chart ^1, showing the time of flight as o function of
slant range, it will be noted that the Navy 5-lnch 30 caliber gun gives
longer tines of flight for various slant ranges than the Army 105 m A.A.
Oun. The Wavy 5-inoh gun was therefore dropped from further consideration.

4. A study of tho tlno of flight data (rieo Chart <*1) for the 105 ma
and 150 guns, indicate that there la little or no choice between the two

- 1*.



weapons up to o slant range of soma 8,000 yards, lleyond thie range, tlio
165 mm gun glvesi inoroaslngly ehortor tluos of fllglit until at a range of
say 14,000 yards, tho difference boeoraes 5 seconds In favor of tho 155 an
gun.

5. Tlie rates of fire as estimated for tlie two calibers are - 80
rounds for tlie 105 rai antiaircraft gun, and 10 rounds for tlie 155 ma anti
alroraft gun. In both oases, it is assumed that uechanloal loading deviees
would be used, Molle the rate of firo of the present 105 mm antiaircraft
fixed gun has been somewhat less than the above figure [XV. to 15 r.p.m,),
it is believed that with improvements which can bo raada in the rammer
system and the scheme of loading a rata of fire of £0 r.p.m. Is feasible.
In the oaae of tha 105 ran gun, it will be necessary to use ucial-flxed am
munition, ns otherwise tlie length of the round would bo too threat. Jallo
undoubtedly difficulty would bo experienced In liandllng tho heavy 155 ran
round, It Is estlmtod that a rato of fire of 10 r.p.m. could be obtained
through tho use of nochanloal devloao,

6. Chart tfn indloatos tho nutabor of effective fraguonte per minute
an a function of tho caliber of the gun,

7. Tlio weights and coats of those guna nountud on mobile oarrlaroa
would be ae shown below:

Total ''/eight in
Truveling Poai- istUmtod

tion Cost

Authority; ED 13326
Chief, Records &DeclassDiv,

NOV 2 3 2016

105 iam A./.. Oun 85,000 lbs, #50,000
188 m Oun 45,000 lbs. 290,000

It is estimated that tho comparative Heights given In the above table can
be met* The weight of the 155 mm gun was obtained by a consideration of
the changes whioh would have to be made In tha preunnt 15o m Hold Oun
UX which mounts a 155 ma gua with a muscle velocity of 2800 f/s and weighs
30,500 pounds.

8. A study la also being made of tho possibility of increasing the
mussle velocity of the 105 mm gun to approximately 3800 f/s. The present
108 mm gun ceo designed for a mussle velocity of 3000 f/s, but has boss
used in service at a mttcslo velocity of 8800 f/s. It Is planned to con
duct experimental firings with the 105 ma gun at the Proving around to
determine its life when fired at 3800 f/s and the rate of decrease In the
mosaic velocity. There is also a possibility of improving the present
projectile for the 105 m antiaircraft gun. If these improvementc eon bo
made the time of flight for various ranges will be reduced as shown on
Chart **4. Thus, ot a slant range of 14,000 yards, tho time of flight for
tha high velocity 105 ma gun would be 84 seconds, oomparod to the tine of



r ." >;/
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flight of 86 seconds for tho 135 mm gun with a velocity of 8900 f/o,

9. on Chart ,/3 is t&ssm. tlie probability of hitting as a function of
time of flight for the 100 oa and 155 mm guns. These probabilities are
based upon gun and aaaunitlon probabilities and assume pcrfoot firo control,
The probability of hits per gun per Hinuto oppoars to bo in favor of tlio
smaller caliber.

10. It is requested that n study be mado of tlio collbor desired for
tho heavy antiaircraft gun and that your recoiaaondntlono bo forwarded at
tho earliest praoticablo date aa it la deolred to proooad with the design
of n larger caliber gun.

G Incloauroa (churts]

'•'. li. ..onson,
l/ajor Ooneral, <:hiof of Ordnance.

478.311/BO lot Ind.

var Department, Offloo, Chief of ^oast \rtlllirry, Junuarv "7( 1939 - Toj
President, Const artillery Board.

1. For commont,

2. As now visualized tlie larger caliber gun proposed herein would bo
utilized In the defense of largo area targets ouaoeptlblo of attack from
extremely high altitudes,

3. High mobility for such a weapon would ho unneoossary though tho
weapon should be of the mobllo typo.

By order of the Chief of Coast Artillory!

J. A. OWHflf,
Colonel, C, A. C.

iteseutlve.
0 Inola*—So change.

•nWtfc-f
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166mm

10000 YARDS

000 YARDS

12 000 YARDS

13 000 YARDS

14 000 YAROS

8 INCH 105mm

, 'NONE ,..
[OeSTRpYgOj

90mm

• HONE
(DESTROYED,

CHART SHOWING PERCENTAGE OF TARGETS
ENGAGED, AT ALTITUDES OF 10 000 YARDS AND
ABOVE, WHICH WOULD THEORETICALLY BE DE
STROYED BY ONE 4-GUN BATTERY BEFORE
EACH TARGET REACHES DEAD AREA ABOVE
BATTERY.

EXH'SIT 0
CAB PROJECT 1153

Authority: £013526
Chief, Records &Declass Div, WH!

NOV 2 3 2016



Page determined to be Unclassified
Reviewed Chief, RDD„WHS
[AW EO 13526, Sectionl5

NOV 2 3 2016

EXHIBIT^TO C.A.B. PROJECT UO.-M^L



Authority: EO 13526
Chief, Records &Declass Div,.
"": NOV 232016



s-

Page determined to be Unclassified
Reviewed Chief, RDD, WHS
IAW EO 13526, Section 3.5

NOV 2 3 2016

EXHIBITSTO CAB. PROJECT NO.-iA£^L



Authority: £013526
Chief, Records &Declass Dlvt

»= NOV 2 3

CAB PROJECT USA

COMPARISON SHOWING RELATIVE HIT
EXPECTANCY Cfl HASHING TARGET? AT !
VARIOUS HORIZONTAL HANGER.

H-j-12000 YAROS-
300 MPH TARGET
4^ GUN BATTERY
MV : 2800 FS

MINIMUM HORIZONTAL RANGE -q*m> - YARDS

UMEftP ;

o -. - td5mm

. — — — 105mm
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