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DEPARTMENT OF DEFENSE
WASHINGTON HEADQUARTERS SERVICES

1155 DEFENSE PENTAGON
WASHINGTON, DC 20301-1155

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
itin 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.

George R. Sturgis
Deputy Chief, WHS, Records, Privacy, and
Declassification Division, ESD

Attachments:
1. MDR request
2. CD

W®



DEFENSE TECHNICAL INFORMATION CENTER
8725 JOHN J. KINGMAN ROAD
FORT BELVOIR, VIRGINIA 22060-6218

rererto. DTIC-R
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 || R
(attachment 1)

Attached you will find three Mandatory Declassification Reviews from || EEIEIN:
We here at DTIC do not process MDRs; therefore we are forwarding his requests to you

for processing and direct response back to [ | | EEE

The category of request was “other.” To date, || | |  JNEEE 25 incurred no
assessable fees for services from DTIC. Please call me at (703) 767-9204 if you have
any questions.

FOR THE ADMINISTRATOR:

Michael Hamilton

FOIA Program Manager

Attachments:
As stated
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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 a non-Department of Defense emall account, Please verify the identity of the sender,and
confirm authenticity of all links contained within the message.

To whom it may concern,

This is a request for a mandatory 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, | request that you nonetheless
exercise your discretion to disclose them. Please release all reasonably segregable nonexempt portions of documents.

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

Sincerely,
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FORT MONRQOLE, VIRGINIA
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HHIBI
A=y = A=8 = Lotter, Ciief of Ordnance to Chief of foant Artillery,

Junuary 19, 1039, subjeot: Heavy antiairoruft gun, rmobile type,
{ocea 47a.su/no) with one indorsement and five churts,

B = Lotter, Prdsident, Comst Artillery Noaxd, to Chief of Conet Artile
_lory, February ¢, 1539, subjeot: Hoavy nnt!.ulmmrt gun, mobfle
type, (CABourd Project 1153; 0CCA W72.311/B0-2) with one in-

. Gorsenontg,
C = Chart -~ Trend of ooiling and -paod ror Vs 8 bombing airoraft,

D « Chart - Juzs range ourves,
= Chart » Slant range linit where tmklng mued begin,
-chu't = Time of flight va, slant rangs,
. O = Chard » Target petice hit expectansy, J-inch rmtluircmft Gun,
. H = Chart = Cross ssotions of histing volueses,
I = Olars - Destruotive hit expectancy for single rounds.
J = Swple bywakiown chard - number rounds possible at varions ntitudu.
K « Chart - Humber of rounds fired on inoomding daryed,

L = Chart = Tims inooming target is under fire for wrious guns,
M = Chart « Looation when ouwmlative fire offoot
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squale ons destruotive his. )

Y=l = N=f « Charis « Porcentage of ono destruetive hit expastsd on
ineoming tavget. .

0 = Chart = DPexoontage of targets thsorotioally demtroyed above 10,000
yards altitude,

P « Chart = Persontage of one destruative hit oxpeotsd for 100 mz snd
Befuch guna with muzele velocities of 2800 f£.4, and 3200 f.s,

Qo] = Qe8 « Charts - Relative hit expeotancy on passing targets.

R = chars - Optimum caliber. _

B =» Clu§ « Loss in destruotive hit expeotanoy as compared to optimm
Ollib.ro

REFLY
§ = Coast Artillexy Noard Projeot No, 1118, "intialroraft Armomont.”
2 = Const Artillary Board Scoret Letter, 471.11, January b, 1839, to
Chief of Conat Artillery, subjeet; Hitting woluro, 3=inoh A4
Shell,

I » B0 PROYLIM PHEIUNTIAD

1. Objoo% of n!%t Emﬂoog. The objoot of this hroject 1si
%5 To de ) oy a mobile antialreruft gun of oaliber heavier
than ma 40 roquired in the dofonso of large area targets eguinst aorial

aktmok from oxtremoly high altitudoa, :

b. To seleot the most suitable onliboxr for any auoh udditional
weapon requived,

II « FACTS BRARING ON THL PROBLEN

2. mnoF g.‘f Ahe pmicgg.
reetive initiating thio study im containod in lat Indorse-

mt.aocc,\ 473,311/80, January 87, 1989, on lottar, Offioe, Chief of Ord=-
nanoe, %o tha Chief of Comas Artilloxy, (00 472.93/6048), Janwmry 19, 1939,
subjech: Heavy ansiairereft gun, wobilu type {(Jeoe lxnibi$ A=l)s This
projech is related to ihe study oontained in Coast Artillory Hoard Projeot
1118, Ansfairorart Ammwns, liated as Heference 1 horeto, which dealt ""‘—"a"'
with the 90 mm antisiverats gm, = ) o

Oonoideration of & heavy antisirorafs gun was prompted by the E)/
progrens in desvelopmsnt of modern bombing airplanes of higher spaed mud
greater esatling, In the defense against astack of large area ¥argess from oo
high sisitudes, possibly from above 40,000 foet, mple runge and minimm
tine of £light for tho antlairersfs guna ave highly dssireble, If prmo= ..
S{eadle, modile guna ussd in the defense of lawge area targeis, sush as
eftfon, should be oapable of #aking under fire any hosfile bosber a¥ 1%s y Codes

onlling, T
_ | it and for
Dist Special
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3« Calibers %ar sonsidexmsion. In the gelootion of a oalidor for
& hoavy antiaire gun it 1s understood that 1¢ is not necosmary to ade
lere to the exadt sime of any one of the various calibars for whioh date
ars progented, #sinoe a deviation from existing osmiibors will not oomplicate
greatly the manufacture of the gun, Homever, this study deals only with
culibers of gqune projeoted or now oxiating in the United Ttatos, sinco
thesa guns are bolieved to offor a sufficiently wido oliolos of oulibers
and algo bocause a certsin amoynt of datm concerning these particular
weapons are available. The cualibers considerod avre the 90 i, 108 mm,
Beinch, and 165 mm, It 13 belfoved that any onn of theme antieircmmet
guns probably cun be developed and manufagtured ng readily us another,

4. Issentinl ol t8 to bo considered. In approaching the question
of the rost effeotive oaliber for a meﬁa antiairemft qun there appear
to ba gertain essential and csontrolling factors to be woighed and evaluated,
Jome of the conaiderations related to the effectivoness of suoch a qun are:

laximgs runge required,

Limitations imposed by tho fire ocontrol ayuten,
Time of flight,

liate of fire,

Lffeotive wolwse of the sholl burat, .

folght of gun and ammunitfon, and

Mobility,.

B. 8ic aan ons, To fucilitate u study of this charaoter it is
nocessury to make gertuin usswptions where vssential date bosed on past
oxperience ave not awailable, It 48 fuily rucoguized that tio cutgome of
this study is dependent to a largs degree on the soundness of these assump~-
tions, ianoh usswniption has therefore baen oarefully donsidersd with a view
% muking it consarwtive within reason while facing future probable teshnie
oul wdvances, Several of the wost important nsvwxptions are 1latod balow,

| & Fire oongrol, .

' ITMD&WMWM are ussunad to bo pract{cable
in aire detnotion e 8 which will enuble fire control tolssoopes
to be pointed a$ the target, eitler at night or by day, so that truek-
irg may begin in time to meet the turget with fixe at a fuse renge of

. 30 seoonds. - =
: SR (3&1 Jun runge. - The heavy antiaircraft gun must nacessarily

. be oapable of targets at any nit{dule from whish hostiloe

“airoraft may ba able to duwgs ho mrea defended. If larpe area

-Sargess, such as oities, wxe to bo defended, it is highly desirmble

4bat sha gun in question should resch ¥ least 40 the service

- aeilimg of the beat bombing airplanes in existenes, It would be
- preferable to develop a weapon whome xunge oayabilities extond
woll above She highost service ceiling, in oxder fhat aircrafs
development in the immedinto future should not oubrange the gun

SECREL
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(b) Of, Tirs goptrol systema.
~X.7 Xt is ok onoe appaxwnt that no antiaireraft gun
san be utilined effectively bheyond the range of its fire oone
trol syatem, The range of the prosent fire control system
fa 1imited by its depandense on visual and deund detection
of the target, to an extent which does not pemit full
utilimation of the range ompabilities of oven the 3-inech anti-
niForart gqun, However, it is belleved that the seleotion of
a heavier caliber antiairoraft gun should not be influsnced
unuly by linitod eapsbilitieo of the presont five control
ayntem, It is desirable to look %o fubure advuncenwnt in
moans of fire control which will make 1% posaidle to detoet
and Syuok turgets ab extrensely long rungos, By suoh foresight
1% should be possidle to provide a woapon whigh will be use-
ful for several yuars, mmking due allowanae for development
in both airplanes and fire control equipment,
2. The quoation of fire conixol at long mnges prosents
n sarious problem, Oms of the ohdef difficulties exporienced
in torget prmotice firings dwring the 1938 Fort Brogg exer-
olses conoerned dotection and visunl tracking early enough
$0 mest the tarpet with fire at the Blwmoecond fuze vange with
tho 3=inch gun. +Jith a larger oaliber gun of longer range
weing the 30-gocond fuve 1t usually will not beo posaible to
deteot an alrplane at distances neopasary to utilige the
maxison fugo renge. Attentlon is invited to Kxdbit L which
shows graphically the slant ranges at which it ia necussary
to begin traoking a 300-mile~por-hour inconing target it
initinl bursts axe $o moat thut torgot at o fure rangs of
30 geconds. .llowing only 1B saacnds to oatablish a smooth
flow of data, tracking must begin at about the followming
slant ranges: B
an jn 0w - 18,000 to 17,000 yaxdo,
90 mt (nn = 14,800 to 18,000 yards,
7106 ms Cum « 18,700 to 19,700 yands,
B-inoh = 17,800 to 80,000 yaxds,
188 e~ 16,000 to 8),400 yards,
Peoauss of these long slant ranpes 1t wan vonsidered neoccsaury
to uosume that adequate detestion methods would be devoloped
which would pomsui$ she £ul) usilimasion of tho muxirum rango

“of a1l woapons oconsidered, It is ballaved thab dovolopmont
“of a detastion device hae progressod far onouwgh to warrant

(8) -

this assusption, : .
3 ) 9 “Exoapt for predietion ex-

yore, fire oontrol errors for antieire guns of a1l ouliberxs axe

asstaed t0 be the same ws for the Beinch antiairorafd gun. Prodiotion
oYTOrS ure asmmed %0 vary direstly with dime of £iight, an asouption
whieh has been genexelly uccepbet Loretofore.

-l e

. o+
— e . —
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fixo _control wimors ap rolatod to omliber, No adequate
data woro avallable on whioh to base any assumptions ar to variee
tion of fire control emvxrs as a whole for various calibors. Hxw
copt for prediction orrore, the aenumption that errors equal to
thoso precent in the J-inoh fire control systom exist for all
ouliders is not expeoted to introduco eny sorious distortion of
tho sewsral caliber comarisons presented.

() Lims of 310’-.@'.'. i ahort time of f£iight in obviously
vary advantngeous in keeping the prodietion orrors low, For this
rasson it in believed ifmportant to mesk a reduction in tiwe of
flight ao far as proticable. e vital relation betwoun time of
flight and muzzle veloeity makos tha latter an ossontial cope
afdemntion, It Lo evident thnt both must bo weighod oarefully in
order to nrrive at any sound conclusions, Timo of £lipht having
boen nocoptad us being Aireotly related to prediction orrors, 1%
wWill be rogognizod thut for fast moving targota thoso errors ape
swse 0dgable proportiony if 4 long time of £licht 45 involved,
For thims renson it is conaidersd inndvisablo to attemps an exten
sion of range by ucoopting o im0 of flicht longer than 30 maconds,
The vitel importance of a nminimm time of £1ight in antinirorars
fun fire, partioularly at long manges, mukes the outcome of studtes
on lnoreaned rurxle veloolty recontly undertaken by the Chief of
Ordnance (parngmph 8, letter, Chiuf of Ordnunce, Janunry 19,
193¢ = ixhibit A=1) of utoont oommequence in the developmont of

any nem antinirormft gun.
b, llate of Lire., 'The rates of firo aesumed as protianble for pur-

poscs of Thin study confom to thoce shonm on Lxhibit AsB and for the pam
tioulay onlibers considered herein arw ns set forth hoelow: '

liaad Joating-
NOfssvseessss I roundo par pinunte

0 Mesveovrnees 20 Mounds bar minute

Haohaniosl Joudingse
Fllvsaveersne 80 roundn per minuto

5'-1!1(311-....-...- 15 rounda por uinute
A8 Ml eeeresane 10 rounds ner wuinuto
~(1) Jesd for high mmte, A high xnto of fire is nocestary to

mnbject targot $o0 tho maxiam ohungo of deatruetion within a very
short period. The high spssds of alroraft vhich are increasing stesd-
ily make it ovident that Sargets will bYo within rango u very ahort
time a$ the mos%, The boxd eighting opemmtion which now requires only
about 40 sesonde may be further shortensd, thus requiring veotilinear
f1ight by the target for u 4ime ne shors an the maximm time of f1ight
for she antiaireraft projectile. Those possibilities mmke bosh &
short 4ime of flight and high rate of firo cssentia)l in a defending

woapon, - : . o . :
© o {8) - Asmumed rabes based on aotunl %eg. The mutn asaumed for
the S=inoh gun is based on oxporioncs, mie of 20 rounds per
minute naswasd for the 105 s hag not byen attained in service but 14y
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1g boliaved thnt tho moohanionl louding feature can be improved suf-
fiolently to insure tho asswend rate. The rutes assuud for both the
106 trs and Beinoh mre based on those attainod by the Mavy for ita
Seineh antiaivorafd gun, which nccording to officlal ruports has been
fired from 15 %0 28 rounds per minute wiing ¢lthor £ixed or gepurute
loading ammnition (ses Kxhibit D). .hile it 18 conceded that fixed
mums, with a conveniont ammunition gupply such uy obtains gboard ohip,
have an advan$nge over mobile guns as to rato of fire, it 18 Lelleved
that for short porlode, aerinl targote onn bo tuken under fire by &
Beineh mobile ansiuiroraft gun with a rate at least equal to the Navy
mintmum of 10 rounda, Jeoause of the Lighter cmmupition 1t 1s thoughi
that a ruto of 20 rounds for the 106 rm sooms roagonable., The same
rato for 90 ms, though hand loaded, 18 baged on actunl tusts using n
3einoh gun with 40=pound drill oartridgos, approxiuntely the noight
of a 90 ma xvund. Judging from these tosta a highor rate of fire for
the 90 w1 gun is doubtful., (Seo page 8, paxmgreph 6 g, Aeforonce 1.)
A mMto of 10 rounds par minute for the 155 ram fun wae based on & oon=
sidoration of tho relative inoxeaws in projootile woight over thut of
tlie Beinoh and also the rate of slx rounds por ninute which has been
attained wish the 155 wm OFF, A rate of six rounds per minute has beon
nttained for tle lattor with hund loading where projectile and powder
it be rermed mepsintely. In viaw of this fuot, it ceems within
roason thut mechanical ramudng ulould Mice the rate 0 ub leust 10
rounda per dnute when both powder und projectile cre louded together,
9. Hpesd and geiling of turget. Throughout the ontire study u speed
of 300 milos per hour was mesumed for tho turget. It was further wsoumed
that bombing attecks from an ultitude of 40,000 faet would be pomuidlo within
the near future. :

(1) Ponsible hostile targetu. In any of2ort to gelent sultuble
waapons for aefense it seems logienl first to investigate the type of
targets to bo takon under firo and the capabilitios of thepe torgeta, -
By such & prooedure 1t is possible to detemine the ninimm require~
mants for a sstisfaotory weapon, Considoratior of weapnns having in-
suffiotent range can then be droppod und attention fooused on those
gums whioh at least weet tho range requirerionts, The ocapabilitien of
bombing airplanes are of sriuary intorest ko this type ciroraft is
sxpaoted 40 be the most usual of hostile targota for a hoavy antlaire
orafé gun, Inoidensally this typo of U, G. mAlitary aiveraft appsara
$0 bs most sévaneod in 1%a dovolaprent, being capnble of both high
speed and bigh eltitude, Tho pust 10 yoars have marked en lnorenao
in meximm sl¥itude from about 10,000 faot to over 30,000 feet. ~Recente
1y an unloaded, experimontal, twoemotored plane in ths borbar olues
flew & ‘mission for the Coast Artillery Hound during which an altitude
of over 33,000 faat wus reaghed, In the 1938 Fort Bragg Alr Corps «
Ansiairorafs oxeroises, bombing missions were flown on sevarel ovoa-
slons, aseoxding to orfioial xeporss, at B7,000 feet, Hithiv the sexe
10~year period apesds for U, 8, boubing alrplanes have inoreassd from
approximately 100 miles per hour to over 350 miles pexr hour, Othar

SECRET-
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typos of eiroruft have had difficulty in nutehing speod vith bombors,
Prom presp reports snd infonsl oonversationa with Aty Corps oficera
1t 18 underntood thut tho ordur for 418 iipht bonbars Yocently plaoed
in the Unitod Utntes by the ¥renoh Govermusnt was oontingont upon &
porforrance test whoroin the plane was required to develop a aposd

of at lonot 30U milos por hour with nomml load, This $ype of bomher
aus undorssood to ourry u loud of oighty 40=pound bomhse, or 3200 pounds,
With world nttention foousod on nilitary aireraft develoymant, another
10 yoaro probably will ses bombing planes sapablo of opemting from
altitudes of 40,000 foet at mpasds in axcess of 300 n'les per hcur,
ixhibit ¢ shows the trend in speed and celling for U, 9, bombing
eireraft sinco 1928, _

(2) Bombing ndouraey. It properly may bo vensonaed that inoronsos
int opexating spoed and altitude deorcase bombing scourmoy to & high
dogrow and that the difficulties of looating borhing objeotives are
also :mltiplied, It should be regopnized, however, that large area
targats for the defonse of which a gqun io being selectad, do not ro-
qure o high degree of bombing acournoy and that such targete are ndt

diffioult to find. .
- &» hell bursg hitting volumes, Jiitting volunmos are easumsed herein
to vary in a partioular manner with the number of usmoful fragmonts produced
by tho sholls. A woighted hitting volue was uorputed for snch calibap
considored, based on ths apsumption thut o fragment density. of one framsent
por mquare yaxd fn requirad to csuse a destruative hit, .
(1) Jiom gomputod, It 18 ousily moen that the shancw of dernging
a target with any gun im direotly related to tlis voluwm of 1ts shell
burat, That the volumes of burwts vary with tho eimo of the projeo-
tilem and axn of the same genornl shapo ism gonerally moospted, though
the exmet relation butwoon bursts of difforent culibers probably is
not knowm, From a conaidemation of busat volumor tlone, tho lamgent
smationdlo cnlibor updoubtedly would bs sought as a means of ine
oreasing hitting probability, The data on sholl Crngmentation for
oalibare wp to und inbluding five inchom vere obtained frox Ordnanco
Technigal Jtaff studies dated Junuary 2, 1946, and were tho same as
used in complling Lxhibit 1 of Rofavence 1, The number of usaful

Srmgzants used are ahown in the folloming tublei~ ©

Ke ’ K
. &&M shell . 18.0 - T §
80 mm ) - BB o - BYE8
105 a3 = i < 708
3’ Beinoh - . B8.08 R o 90R - :
' T 10 : as 17 - R

For purposes of thia atudy the Rf~pound, $0 ma projestile and the
pound, Beinoh projectilo wors asmmed %0 give the s nusber of ef-
footive fragpuents as those tabulated above, Aseondingly, she lass
amtionsd weights were used shroughout, The nmusber of frugmnts for
ths 108 aliell was obtained by sxémapolasion based on affsstive fragment

T Chief, Records & Declass Div, WHS
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umm%d 40 oonfoIm goneyully to the shaps of dhat for the S=inch gun and
40 bear a rolation sheroto based on $ime of flight xutlos and shell hitting
volumo ratios, Insufficiens data wexw available on firings ¢f guns other
$han 3~inch on which 4o bawe hit expsotancy curves, hense the use of the
Seinch ourvs as & basis beoowme & necosaiéy. Two variables affesting the
overall soourssy of the entire system, $im» of flight and hitting voluse,
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differoncos betweon oalibers up to five inches, The goneral form of
burst pattern in fragmantation teots, upon whioh s bused the present
target praatice hitting wolume, was aogepted as corroct, Heotions of
the volume then wore welghtud according to tho numbexr of (ragoenie por
squars yanl of orods seotional arens in the colum and aosording to
mmber of fragoents per aquaro yuxd of surface on eylindoms of diffore
ing radil outting the plinthk, asswing the axes of guch oylinders to
bo oofnoldont with tha tmajectory, or columm axio. Ahout )2 percond
of the waight of high oxplosive shells is lost in Jerge Imagments of
tho bago which axe projouted rearmiuni at low veloolty. This faot in-
£luonoes the weighted volumes very little beoause tho modber of lurxge
buse frugmants which aro not effostive i low, pirobubly loss than eix.
Sinca the woiputed yolumos are computed from the total aumber of ef-
feotive fragmonts ranging from 400 to 1100, & reduection of thoos
nunbort by only five oy aix is negliglble, The frugmenintion testn
thexselves have not hoen sg oxtensive as desirable to eavublish an
soourate relation between vurious calibers as to number of offaotive
fragnanta, but error in fragrontatfon estimates herein should not dis-
tort sertously tho size relation of varioun woighted hitting volumes.
A soationul view of half the usmmed hittipg voluno is shown by Exhibit
Ha )

{#) Fragment domsiyy vegrired for deniructiva effnob., The aspumpe
tion thnt a Cragment density of one effeotive Cragment posr equare yard
will result in the destruotion of an airplana wng borroved from & con-
fidential Kavy Board iteport No, 16 « "AA Qumnery, Damage ..flect as
Datoruined by Tests againat XF7i~l Alrplane (Navy) ," cated 27 Ootober
1937 - rhich covered motual tests whorein Ueinch antiaireraft pro-
Jeotilos were mtatloally detonated near a modexn all-umotal alrplane,
From theso tes$s 1%t wams found that futal daunge which will bring down
an airplnne either limsndintely or later rogquires on tho average un
acowmlation of 1.0 fragment hits pur gguare yard, a figure widoh La
in agresnent with resulta of teasts vonductod by the /my with 3-inch
antialroraft projustilos about 10 yenrs earlier, - In the Nevy teats
fatal dunego offucts wore olassified an elther Claas i or B, - Olags A
futul dumge wns talan as that type whioh will bring down « plune
froadiately and was found to roquire on the averege an hoowmiladion
of about 2.8 fragmont hite per aquare yarl. Class O futal daxmge was
takoh a8 that type whioh will bring down %he plone either tmuediatoly
or latsr and was found to require only the acoumlation of 1.0 hite
per square yad, The Clama B type of fatal dmsago was adophed as the
basis of comparioon usad throughout this atudy. B
s expestandyy 1t expestancy ewrvue for varlous calibers were
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wore bolioved to aduit of falrly aocurate detormination and hence were
used ay a moans of deriving oxpsatuncy ourves for the various oulibers
from tho 3-inch vurve,

ITI - DISANAION

6. Deptruabive it oxpoctancy.
&, sefipdtion, . ueuny of corparing enlibers Las Liun dovisud, baged

on & stundard of weasure which will be callod dostructive hit expectanay,
Thin oxpestancy, also mentionod above in pursgreph & 8, L6 expressed in
peraont. One hundred pereent hit expoetancy 1o taken to mwen that the
target has boen subjoctsd to mun fire, the amalative effect of whioh hnu
equalled  fragont donaity of one per square yard and that destrustion
“of the turped is expacted 0 have been aocomplished,

7. lothod of sbtaintng uit exnootaney,

8. "o first ntep doemed nesessary in obinining destruotive Wit oxe
pegtancy ima the conobruction of it expootuncy curves for single roundy
in conforalty with the proper bagic assumptions, “hewo aagwptions will
ba reonlled ant “rediotion errors vary dirvetly aas the time of £1light,
and othor fire control arrvrs are asswaod to e tho smre us for the d=ingh
antinireraft ;.

{}} Youroe of busio dntn.

{a) Iime of Liight, The alent rngo 1'mits of the $0=second
S0 of Liight op warlous oullbers are ahown on u ahart marked
sxhibib U The date for the defneh und 105 ma curvos on .thiblt
i? wore obtulned frum avuilable firing tubles and trajectory ohurts,
Time of flight for calibers for which no firing tubles vors availe
ubla was obtainoed frvm curves ahown on “xhidbit 3 supplonsuted by
datn oxtraoted fram Lallistio tables, he Araphionl ehiart marked
uxldbit ¥ was conntructed by interpolation on C'hart 1, inoloned
as Ehibit S«8, At lewst one point on enoh interpolated aurve
wna ohesked by means of ballintie teblos, usswilng fomm faotorn
for all projectiles to be the sume no for the 106 1 44 Shell
338, These curves therofore are belleved tu be sufficlently noe
ourate for purposss of this szudy, Tho curve for the 105 mn A
profectile with a muzzle volooity of 3200 f.5, in Uxhibit F was
oopiu? ;.'mm Ixiiibit Aed, ' o

b) [hrve=inch antiniroraty turpot practioe reaults,
tnao SUEFloloms dnth Dabol o ashiny Ty nine K
for the J=inch antiairoral$ gun, hit oxpooSansy ourves for all
obher valibors nacessarily were based on the Iwineh ourve, The
hit oxpestancy ourve shown on ibi$ O wae bnsed on firing
table probeble arrore and thu ) ! rgot prackioe hitbting
voluwss for tho S-inch gun, Points corresponding $o the uyaruge
slant rangs wera plotied on tho graph ugainst percsatage of hits
obtained for anch 1938 target pmetice courws, ol tding the Ford
Bragg firinge, Data wore thus availedle, based on 34Y courses

represonting a tow fired, which approximately
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confirmod the riring tohle hit erpectancy cuwrve betwecn 5000 and

(000 yardp slant rorge. Since those dutn confinied tiic shepe of

tio ourve ond tho magnitude of the curve ordinatos within the

1iudts mentioned, the remmining seotions of the tnrget practioe
curvo were made to conform in shape to the flring tuble probable
arroy curve.

(%) Computntion of hit expeatanay curves. .n et forth in
Jofurenos & (pooret Jetter, cadourd 471,11, Janunry 5, 1939, to Chief
of Coast Artillory, subject: iftting volume 3-inoh untiairoreft shell),
the Gonat .rtillery Soard belioves the target pruesice hitting volume
ugad at present is too large, and consequently givea o hit expootancy
oonsidembly higher than reasonchly oen ‘be expootod, Lcoopting the
pow Litting volux ne being suitable for corparabive puvposes, ordie
natos of the Zeingh curve shown on Hxlibit I were (ctorndned by re-
duoing the ordinutes of the 3-ineh tnrput practice hit expectunoy
gurve on sxtiblt G by an mwount proportionnto to the difforence ba-
tuoen the prusent target praetice hitting volwse and tha welghted
hittin volwse umsumod in ‘leference 2 und showm on orhdbit M. Foom
tho wuighted J~inoh hitéing volwgse ahowm in the lant namd axhibit,

1% wus found Lunt tho prohobility of one shot welng a destructive hit
wag about 10 percent of the nrobebility that it would full In the
presont S-inoh tarpet pructice hitting veluw, The 3=inch survy

ghown on ahibit I 10 bused on this rodused probablility. The oxdinatus
of other unrves on .zhibit I weyn bosed on the $=inoh aurvo thoereon,
For inotance tho valuo of the omdinate for the 105 m1 curve correppond-
ing to the X absciana for 7000 yaxds slent ruuge v obtained by the
following wathematioal oporation:

vsaxbkxd,
o e
whore ¢ 3 ¥ ondinato for the 105 ma surve carresporiding to
tho nbacipse for 7000 ympds alunt range.
s Y ordinate for the 3=ingh surve at 7000 yardc aluni
. " range, tuken from sxhibds I.
b 5 Time of fiight for the 3~inah projectile foxr 7000
- yords alant mnge at 800 mils angulux helght.
0 2 Tina of filght for 108 i projectile for 7000 yards
glant runga a$ 600 milas angular helgit.
¢ & Aoouwed 100 raw weightod hitting volwwo.
8 3 jopunad S=incbh vielghted hitting volwwoo, -
fo swamrige, it should bo notod that the sipglo shot destrustive
hit sxpootwity curves eover all ronges within thirty seconds time of
£light fur tho ealibers in question and ingorporate prodabilities ony
_ I'reéiotion wrrors, whioh were mssunod to vAry dixeatly

with tluwe of flighte . . . . |
(b) TNitting volumes, eppropriute to sach enliber, which
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were ootputed on the basis of number of effesctive fragments,
_ (g) Other fire gontrol errora inhorent im the Seinoh gun
aysten buased on aatual target practice results,

The aingle shot destruotive hit expeotancy, or probability that a

partioular ahot will rosult in destrustion of the tazged as Sakon

from ixhibit I, horeaftor, wil) bo reforved to ao fleld probability,

A% an avermgo range of 9000 yaxds for the Seinch gun it will be noted

from ixhibit I that the probabilisy of a destructive hit is 3/10 of

-one poreent, or that 333 rounds would be required %o destroy the

targe$. Suoh figures ceomed to be mithin reason and therefore the

3" ourve on :xhibit I waw nogepted ad & aonservative hasim upon which

to build a compariscn of larger valibers,

b. Q_o_go_ly%ng_i_gop_ of number of xounds fired. From the shape of the
trajeotory envelope it 1s apparend Bha$ & target may bo taken under fire
for progrossively shorts. time {ntervals as the altitude inoremses, The
longth of time during which o 3einoh sntiairoreft gun san fire at a F00
mile=pormhour incoming target, beforw it reaclws tue ovorhead demd aren,
was computed for various altitudes and is shown graphicnlly by Ixhibit L,
Using n rate of fire of 25 rounds per cun per minuto and homimontal dige
tanoea obtained from the breakdown ehart marked Bxhibit J, the number of
rounds whioh can bo fired by & 4=gun battoxry was computed, The same data
for othor calibers wore computed using appliocable rates of fire and oharts
simiiar to Rxhibit J, and fron these data wero drewn tho ourves on Exhibit
K showing naxirmm nusber of rounds which a 4=gun battery of given caliber
oan fire on an inooxing targes, IS will ba noted that for altitudes up
%0 10,000 yaxds the 100 mm gun oxoeeds tha other calibars in mmsbey of
rounds fired but that$ adove 10,000 yurds ultitude the quns soon Armngo
thomeelves mocording to magnitude of oalibver, If & minimm of 10,000
nans altitude in oonsidered sho 100 um 48 obviously indleatad as $he
optimmm onliber from the standpoint of possible rounds fired. However,
the effostive volme of buret also must br taken inso considerm$ion in
oxder to detormine a more nearly oorrect Hsasuy of hit expeotanoy, At-
tention is invited %o the faot that tho length of time during which o
battery can fire on a direotly insoming target (R, w 0) befoxe it reaches
the dead area above the batsary i8¢ found as follows; =

X850 4a=d,

whore X squals the $4ime in seconds during which bastery 1 fiving}
~a equaly the $ime in sooonds for the sarget %0 fravel from
ofuse rauge 30 %0 She interseetion of i4s path with the
tmjeetory for a quadrans elevation of 88 Gegrees.
. b.equals the %ime of flight of the projestile t0 the intere
[ sestion mentiosed for “a” nexé bove,

& 2l The reakionn clarh (marked Xxe
hibit T) v % on with field probabilities deken
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from Sxibit T to find whon $hn oumilitive oxpoatod affest of rounds
fired would apount to one deetruotive hit Cor n 3=inah four-min bate
tuxy, In each cato tho bursts of (ko Cimnd anlvo ners asmunod to
oaour ut tha inatnnd then the tarpot anmo within 30 moconds Puz.
ronge. 1t will be noted that She hortzontal linos eorvesponding %o
nititudos at 1000-wvard intorwmlo have boen divided inte zoned hebween
slapt g inServals of 1000 yuwis. By wueo of a rate of Clre vovsus
travel soala the humber of vounds for enol 1000-~ynrd slunt range vone
wus found and to this woag ndded the aumber of rounds galned during
u time lntorval eoum) £ the time of £lichs ¢iffavenee for the Jinite
Ing siant rangos, )
{a}) Loention of turpet whon ueptruation muy be_oxpooted,
Uping the nvermgn ulsud mongo for cach 1000-yend elunt rungs zone,
the probability of chtuining o dontinotive hit In ouoh Zone wae
computed by multiplying the mmber of rounas fuliing therein by
the approprlute £icld probabilitice token fon cvurvos on Rxhibit
I, ueginning with the dontyructiva Hit probabllity for ho 1000«
yurd slunt range zone next ingide tho Xmpocond fuze mange curve,
{6 probmbilities for pueh Zones vere edded sucoussively along
oaoh 1000~y altitudo levol until tiho pum equaled unity. A
curve drawn through the pointm nt whieh those gums equolod unity
wat talzen ng tho Yinit of mmcclram nlunt rangus nt whioh 1t could
be oxpectod o dostroy an alroraft appiosching in reodilinesr
fligbt at 300 miloe per hour. Huch Jiulting ourves, both for
" 3/10 of ono dontructive “it and also for one full Gestruative
©alt, waa camputed fron charts similar to Txkibit ¥ for foupe
gun battorien of ssch aalfbor under mtudy and are shown on
Fxhibit 15, Fronm ¥xhibit i 1t will bo notod that the B™ gun
vattory gives the optimum hit expoetanoy, although it shouws
ouly n slight advantege over either the 105 rm or 100 wma guna,
The ohart indioutes that, under the assurpiions of this atudy,
“hwne of the battordes considerwl iz onpnble theoretically of mt-
. taining an entire deptructive it on an Incondng target, at
altitudes of 7200 yamis or ahove, befora it roushwn 4 point. over
the battory. Maximm sltituden at whish & target way be brought
under fire together with the number of rounds which oan be fired
on & 300wmile-per<hour ineoming targot ure not shown on Axhibit
M but may be rend dirnotly fxom Hrhibit ¥, :
(b) Fire offoot at wvarlous altitudes. .jince sxhibit X
. Anvassigaton only altitudos TBolow 10,000 yards altitude it s
- $hought denirable to investigate thu effests of fire at higher
nltitudes, In orier to preeent a grophiocnl comparigon, charts
" papked Exhifbite Hel and M-£ wore propared from data available
on the Yroukdewn ohnrts similar %0 Kxhiibis J, From these ourves
may b read tho cumilative fire offest at. uny altitude fxom 3000
yurds to the raximum within xunge, Nxhibit YeS deals with ’lti-
tudes above about 7000 yards and Exhidit H-l on a Smaller éanle,
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with all altitudes mbove 3000 yards, At saoh alsisude there i
inoluded the entire owmlative affect of five of a four-gun
battory engoging a 300mile<per-hour incoming turget {8g » 0)
vish {nitfal burste at fuse range 30 and firin: ut the sssussd
rate until quadrunt elevation roachos 88%, Yrom these graphs
it apprars that at altitudes between aix and nine thougend yarde
the 108 s, Seinch and 105 ma calibors have sbous the same hit
expactancy, with the Oeinch lomding, From an altitude of 8000
yurds dewn to 3000 ynrds the Deineh it oxpectancy inoreawes
considorably over the othor oalibers considered, Above 9000
yuxds altitude tho oxpsotancy ourves moon arrange thorwolves

in order of oanlibor size, tho ABD mm leading, Duned on daga
taken fyom Ex'.{bit Hef there ias been propured $ho chart warked
7ixhibit O from which en ides may be gainad quiokly as to the
rolative efficacy of varicus oalihers at altitudes of 10,000
yards and above, It in readily apparent that no gun oconsidered
zives hit expootanoles mo great as aro neoded at tho extremsly
high altitudes and thas un inorease of caliber is essontinl as
the aitituds of target inomvases, On the other hand 1t appears
that pruceital limitations in the woight and nizo of n portable
gun make {% necemsary to compromime by nccopting a ammller o0ali-
ber with o somewhat lower it expsotanoy at the necessary high
altitudes, but whioh can develop oomparatively high hit uxe
peatanoies throughout the remminder of its useful rangs.

(a) Inoreased sussle velosity sffect, loforring ngain to
tho question of muxxle velooity, which was previously montionad
in paragraph 8 & (2) (4), 1% 1 poawidle thnt an fnorcansd muz-
2lo velooity my be found fomsible for oalibers up 40 a certain
size but porhaps inprmsticable for larger calidors, Iiigher
muzele velooity is expected o give inorensed rangoe and reduced
time of flight, two most desirable improvewnts in tho oharmoter-
istios of any wempon., In orer to comparo the offsots of highor
musglo valooity on hit expeotancies duveloped at 2800 f.s, under
the condisions of this study a gruph rmmrked Ixhibit I hys been
prepared, On this chars are shown fowr hit expeotancy ourves, the
105 s and the S-insh 2500 f,8, cw'ves teken from Hxhidbis Hel and
the 3800 f,s, ourves for tha mmue oalibers, The two lutser surves
ware sonstructed in the swms manner am weye tho 2800 f.s. ourves,
utilising dada fxom specisl charis siniler so those presented by
Exhibise ¥, I ank J. It s of special interest %0 nots from these
curves tla ¥ the oxder of arrungsment for the hi% exestansy ocurves
developad on a basis of 2000 £.8, munsle velooity for the onliders
eonsideved, is not disturbed by a change in suxsle welooisy, A
pain of about 3000 yards in naximm versisel »ange aleo is indie
ented for the 400 .0, increane 1n mmnle velosisy, This ehar
Also Yands 40 show {hat were an increassd mixsle velosity atmined
in m caliber of about 108 am and not for s gum of approximately
Seineh calider, $he former might poseibly beoowe the sore effestive
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g, both a8 to maxtimun rango and hit oxpeotanoy, A% the

prexent tfme it scems diffiouls to foreses whut lnproved muge

sls velooitiss may develop in the nenr future, or whethsr sudh

isproved velooities wil) be attminable for all oalihers within

tha sixe bracket under study, For this reason 1% ia believed
that a proper sclection of oaliber, suitable for any hoawy AA

gun oonvidered nadessary, may be gontingent on the outoomo of

Ordnance atudies on inoreansed muxglo veloolty uonkioned above

in paxre 8 & (2) {b)s ‘'Mhe maximum oaliber for which an incroase

of mumxle volonity ip feumidle may vary considerably, Furthor-

more the amount by which nusgle velooity may be inoreased for,

a given oalibar also pmy vary, thus introducing such a great

number of possible combinstions oo to make lmruoticable any

gonolusions before mumsle volooity limits ero known, It is
therofora connidored necessary in this study to draw comparisons
on n Lusis of aqual mssie velooity for all oslibers,

{2) fZuxgets at seleated mititudes, on various courses, In ordor
to oxtond the invemtigation of comparative eapubllities of AL bate
turies of various oulibers, hit oxpeotanoy curves at thrse seleotsd
altitudes were construoted us mhown in Exhibits =1, N=3, and =3,
Jloretofore only direotly ingoming soursss have Leen denlt with and
it is balieved profitnble to study other typss of coursaes to inaure
that othor possible trends of hit expectunoy ourved will not be
1morod. The cumilative fire effact for enoh of mevoral rectilinenr
pussing cournes at various minizmos horizmontal ranges was corputod
for the endira time the turget wes within range, Tho ¥aluo of tho
oumilative hit expectancy was then plotted apm an ordinate with an
absoiwsn corresponding $o the mindmum horisontal range of tho ocourse.
The loai of such points formed $he curves as shown for tho partioular
aulibers, From he method of sonatruosion 1t 1s snen that omMinates
of sach ourve sliow the %otel cumlative effeat of fire by n battery
of given oaliber on courses whigh coms within rangs at the partioular

_ altisude for whioh ths grwph wes propared, Al¥itudes of 7000, 10,000

. and 12,000 yards wore chosen %o rako acmpnrisons powsible at higher
altitvudes,  From dhese charts {% should be noted that the results

. of tho compurisona based on inooming targets as shown in Xahibite {
Nel and N2 are confirwsd by & consideration of all other reotllinear
oourses, Exhibis Q=1 wiso confires the indicasion by previous ex~ !
hibits 4hat fire effect for the 2800 £.m. 1G5 mo gun will be negligio

“ble At altitudes of 12,000 yards and above, .

g opiim S S
a W”’”‘ By WH1Lining duta Saken from
ourves presenisd in 1bita Yel and He3 L% was found that aurves of equal

destaosive hit expeotansy oould be constructed as shown in Exhibit R,
Yor exxaple, by taking from Exhibis Fe2 the alfitudes a$ whish various
onlibers shaw & destruotive hit expsctancy of 100 percent, replotting
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caliber against altitude, end connvoting whese points, there oan be
formed & amooth curve from which can Lo resd tho maximps altitude of
attaok a$ wiieh o particuler caliber my expeot a full destructive
hit, In other words, this ourve shows the imximum nl$itude at whigh
a partioulur euliber fouregun battery uay uxpeot to degtioy a dirocte
ly inoaming target by the tims it renohes a quadrunt olevation of

8B degroes, Frum an inspeotion of ixidbit R it will be noted that

for alsitudos up to about 10,000 yards the ourves of oqual hit exe
pootancy show a point of nexirams altitude value, or hwwp, near s
caliber of approximutely § inohes, Above about 10,000 yarnds sitie
tude 1% will be scon that the ourves contain no humps and that £ suoh
maximus points ocour thoy would be of? the chart toward a higher oali-

~ber than 188 1ma, If tho points of maximim ordinate valus for thoge

ourves ba connsoted by a mmooth ourve it io obvious tiat awoh a curve
nill indionte the optimum caliber for any vartiaular altitude. This
curve 15 considered to indioste that:
{1) ‘The optimm caliber ujainet attacks betwesn 3000 and

10,000 yando altitude varies botwosn approximtoly 4,5 and 5,5

incles, .
{2) Por avtacks above 10,000 yards the optimus caliher

inoreasos mpidily from about 5,8 inochen %0 an undetormined

1imit, ,

bs  Relatdon of optlmu culiber o other calivera, An optimim
caliver having boen ascepted aa ajproxiintely tliat indicated by the
optimus caliber ourve sonstrmioted on Exhibit R, 1t {u now possible
to conmpure the officacy of partioulsr calibers with that of the
optimun, 9inos the optimus oalider hms hesn shown to vary with the
altitwie of attmok the comparison will necsssarily be wade throughout
the alditude sonss whioh fall within range of a particular gun, This
soupurison hns besn offevted grephically on the chart marked Exhibit
e On thiwdirs han besn drewn n ourve oorresponding %o each of the
calibers troatsd specifically in this study, Frow the graph marked
Exhibit R was taken the fruotional part of one destruotive hit dy which
the caliber in question was oxoesded by tho optimun caliber at & parm-
tleular al¥itude of attack, This frmotional part of a deatruotive
his was replotted along the abseimsa in percent, with an oxiinate
equml to al¥itude of attmok, as a point on a calibexr curve of Exhibvit
Se The ourves construstod on this exhibi$ nve tha looi & similar
points for whieh data wora talen fwom Xxhibit R. The optimua caliber
on Nxuibié 8 is, of course, repsessuted by the vertical line at the
SeTe AbBeiasa, An inspestion of the last named exhibit further assists

“in s intexpretation of the da¥a presented dy Hxhibits N-1 and N-2,

the asne data being pressnted grphically in a somewhot different manne ner.
Rxhidi$ O also indisates thatss e
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(1) e Beinokh édaliber 1o nearer to the optlium than the vther
onliders shown when an average loss in officusy is ocnsidered throughe
out the nltitude mmngo,

{£) culibers larger thun Cfive inches are nearur the optimmm
only for attaoks above 10,000 yamda altisude,

(%) Delow 6000 yards altitude the Seinoh culibor 1v neurest the

. opbimum by a wide margin, considering only tho oalibers for which
our¥ves axre drawn,

8. Influence of future siremft devolopment, It is very obvious
from & oonslderatinn of tho data. thus far presunted, that futurc improve-
monte in airveraft porformongo wuy foroe the adoption of apenial weapona
seleoted to zivo ranges long enough to roach tho turgot oven ud the
saorifics of effioiont porformance at madiuwm ranges. The maximm altle
$ude which can bo raached by the Deinoh gun, even with ingreassd mmzzle
veloglty, and u fuze rungo extended heyond 30 seconds, nay not be enough
to tako under fire bombers of the future, Until that time comea it moems
logical to consider tho longest range woapon giving monaptable performande
throughout i%s offuetive range, provided that ¥unge veachen above present
oellings of boubing airerafi by a ressonable margin. In tho opinion of
the Conat Artillory Board, five inchea i8 approximately the ouliber of the
entiaireraly gun which fulfillas thase conditions, :

9. Houwd for bile hexvy airoraly I%g;. From ptandpointe of
econamy, ease of manufaoture and taatioul organization and control of anti-
airoroft artillery, &t would be highly advantageoua to cxploy only one
osliber of antiairoraft mun, 9inoe now wo ars to huve two guns, the J=-inoh
and $0 m, 1% is $he more lmportant to avold a third oaliber if practiosble.
However, a ntudy of the somparwtive date proventoed ia convinolng as %o the
nead for a woapon more poworful than the 00 pm Af attnoking uiroraft are
%0 bo taken under fire at tho alsitudes visunlixed, /An inspeotion of
Exhibit O and =2 saems amply to indloate She necopaity for an an$iairorafd
gwn of larger calibey than 90 cm. ¥rom these oharte it is seon that the
90 ma and 108 mm guno reach maximyq wléitudes of 11,000 and 12,000 ymxds,
rospestively, If aireraft flying atv altitudss of 18,800 yards are o bs
taken under £ire, a gun of loss than Beineh omliber with 800 f.s, musxle
velosity cannot fulfill khe requirement unless m tiwe of £1ight longer
than 30 seconds is omployed, All points considered, it iw believed
prefazuble to scesph the inorasss implied by a larger calider weapos
ratlior than %0 axploy the longor time of £light requived by a mullop
saliber, ihile it im trus thad laxge incroasss in maxisam Xwnge a¥ high
quadrent olevations ure not attained by an inorease of oaliber from
“about 105 ma %0 five inches, a sl extension of xangs at the
sltitudes in quostion asswms groat importanse when airereft ceilings

w 18 =
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ere sonsidexred. It is known thut every 1000 feot ndded %o the oelling
of a londed bombar introduces additional teohnioul diffioulties in
airoraft dosign and operation, If tho dofonoe can develop an AA gun
with & range long wnough to oxtend into the future such difficulties
for the aerial attacker, it is bolieved worthwhile to accayt soma of
the objeckionable festures of w heavier Ai gun, For tho dofenge of
large area targots the Coeat Artillery Board bolioves that a houvy AA
gun having a longer rango thw tie 108 wa, £000 £.0, woapon is dofie

nitely indioated,

. 10, Dheight. a. Since high mobility 1o not essentiul for a gun

with this taotionl role, the overell weight of tho gun und onxrdnge

is not bolieved to prohibit u aalibor as groat ao 166 w, Component ‘

loading could Le resorted to 1f the weight of a single utit mount !

becams prohibitive for road movenonts, Although an incrense in muzsle 1

velooities abowve 2600 r,.s, vill neconsitate momewhnt heavier con- ’

i

f

1

l

struation of guns and mounts in oxder to oops with resultaut inoreases
in musple energy, it is believed Shat suoh nddod welght {n itself will
not ke iupructioable & caliber as great am 188 mm, Ho datn ape
uvallablo as to what meximus mussls velovities nay be oxpeotad for
various caliber An gunag within practioable woight limits, but 1t is j
understood that should highox wmuzwle velooities be atteined for a i
given aaliber, enqual valooities may be pruoticeble for larger onli‘ers
nithout redus¥ion of ucournay life boyond an ncdeptable rinimm, The !
overall waight of the gun and mount thorefore has not besn conoidersd
to impose a restriction on the sfze of onlibar for Ai guno up to and
{ncluding 168 ma, .

b, Ammunition, sServise of the ploss and ammunition supply should '

AB the onliber inoreasen above a ourtain point it bee *

comeR necossary to resort to separate louding armunition bacause of tha ’
groat weight of a singlo round, Howover, tho aspumed rotos aro expacted !
to be net through improved meohanionl ruming fontures, vhethor fixed
or separate loading a:munition is used, As the onliber inereasos, _ ' f
fewor shells are expendad as a result of n reduded rato of firoj hencs :
the total weight of awmnition used 1s no$ sxpooted to change grestly, o
nor is exsunition manufnoture and supply expected to be nade moxe

di £fiouls.

I
11, ?‘Eﬁm' A design which adnits of portebilisy; thes is, !
movesent o £ 4in one or more loads over good roads and et low '
opoeds, is oconsidered wwoeptable for weapons of this $ype, Tho employ= ’
wing of this gun as now visualised probably will no$ require repid road
Hovements and suffioient time will be svatlable for emplocsment, Spee {
cial preparafion of caplacersnt posisions probably would be acospiable

1% not extensive, Large ares Sargeta of sush fmportance as to rake |
AA defange ixperative will not be subject %o frequens change of atatus,
henos the defending gune, having cnte hean assigned $o an avea, il

ba required %o move infrequantly.
w]l? -




-

e —— —

I e e e

.

DECLASSIFIED 1N FULL
Authority: EQ 13526
Chief, Records & Declass Div, WHS

Date: NOV 2 3 2016

18. Mﬁa

A, Given the problem of dotermining the adequocy of exiating and
projested antiairereft artillery and of dsciding on the nature of develop-
ments {n tho immediate future to meet puaoh inedequacies ag might be found
to exist, tha Ooost artillery Hoard dovissd a toohnique for predioting the
dastruotive offeot of any antiairoraft caomnon under any given set of cone
ditions, This taohniqus is “ased on the following faocts and assunptions:

{1} Rate of fire and weight of projestile.

Calibey gedpht of protlegtile

3=inch
90 m

106 m
B-1nch
158 mn

(2) Destrustive effoct of one proje
ment por square yard

Cualibex
B=inec
80 mm
X105 mm
B-inch
150 mm

(3) The !mﬂt.

12.b6 lba,
22
33
5¢
1]

Rate of fire

(Rounds por nimte)
26 (Hand londed

20 ™ "

20 (antomatic rarmer)
15 n "
10 "

otile. Conaidaring one frage

ative] to be destructive, uveiluble frug-
montation date were extrapolated to include tho shella under oonsidore
stion, the ereas covered by each with vorious fragnent defsities wore
integrnted, and ths resultant weightod danger spaces gompared with
that of tha Beinoh shell Murk IX (assumed to be unity} as follows:

liatio to 3-inoh shell

1.00
1.38
1,49
2.60
3,21

This wus assumoed to be & bomburdrent airplane

flying at 300 miles per hour on various oourses and at various nltie
tudes up to 40,000 faet, ) ' '

(4) The probability of hitti
3~insh maSericl were compared

with £iv

Target practice reaulta with

{ng table probabilitios and with

the desdructive effect of ane projectils {oubjuragraph (2), adove) and
the probable rmunber of rounds required to asaurs one destructive hit

by a 4=gun battery was ostablished for various slant ranges, Time of
flight data for the warious projestiles under consideration wars de-
ternined from balliatic tables, Then, for any projeotile under cone
sideration, the probability of ome destruotive bhis st any range was
sonsidered to be the probadbility for a battery of 3-inch guns miltiplied
by the matic of tho time of fiight for the 3-inch projestile to the
sine of flight for the cther projectils under consideration ond further
by the gatio of She danger apacos as listed in wubparagraph {3), above.
On any’ glven oourse, the mumber of rounda bursting in the vioinisy of
the 4arget from ¥he battery under consideration was readily ostablished

e JB =
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from the time of flight, rate of fire, and turget speed data available,

From the probability of hitiing data, the numbsr of dostruotive hita

to be expeoted ut all representative altitudes on nll reprosentative

courses was determined for sach type of weapon under ocoansideration,

Thess data are shown graphically in the exhibits attached,

L. The ideal artiairoraft camnon, or that one whioh will assure the
maximun numbar of destructive hits, is found to be elastic, varying in
caliber as altitude incroamsea, Above 7200 yords altitude no battery of
four gune can firs enough rounds to asaurs positively one destructive hit
in tha time available before an incoming 300smile-pere-hour targst reaches
a quadrans elevation of B85 degrses, ibove about 10,800 yarde, no 4-gun
battery can fire emough rounds in this available time to asaure the destruge
tion of more than one in five of the targets taken under fire. This de-
struot {ve power deoresses rapidly above 10,000 yards altitude, becoming zeroc'
at tho raximum fuze range of the gun under consideration. This was taken
in evary cass to be 30 gsconds,

8 antiaireraft cannon for futuro dsvelopment, The Board then con-
sldered the foregoing dnta and deoided that the probability of ultra-high
altitude bombing in the near future up to 40,000 feot wes nuch os to make
necessary the development of a oamnnon oapable of teking under fire turgets
up to approximately that altitude, Examination of the capabilitien of
various weapons indioated thet a B-inoh ealiber firing at 2800 f.s. rmyzzle
velosity is the minimum capable of reaching about to that altitude with a
30~sa0ond fuze range. At 8800 yards altitude, five inches repressnts ths
ideal oaliber, Delow 8800 yardas, ths differsnoe in destruotive power betwoen
a U=inch and the ideal callber is negligible, The Boerd therefors belisvas
that development of a 5-inch gun ehould be initiated, In arriving at this
belief the Boaxd took into consideration the probability that fire control
developments under way will make practicable the utilization of the range and
powor of such a gun. The Doard considered also the importance in the agouracy
of antiairereft fire attributed to a short #ime of flipht to any given renge
and believes that the muzzle velooity of the proposed gun should be inorsased
above 2800 f.5, t0 as near 3200 f.s, as practiomzble, The conclusions mnd
recommendations of the Board are presentesd in detail in the succseding para=-

graphs, o _ o _ _ _
. - R . .
IV = QONCLUSIONS : ) S ‘ o .

13, The Ooast Artillery Board oonoludes that! . -
A, In the mear future effective bombardment of large area turgst

from alsitudes as high as 40,000 fest may well be feasible,
L. FPresent sntisiroraft guns either built or projected are not offec-
tive against targebs at such altitudes,
8¢ A nest will exist in the near future for an matiairoraft gun
oapable of taking under fire targets at altitudes mentioned in Ay above,
8. It is both desirable and sconomical in the long run $0 develop a
wagpon with ample runge to meet oxpectod sdvenses in high altitude performe

anoe 8 boxbing alroreft for soveral ysars to ooms,

-39 -
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$8: The important oharaoteristios of such a heavy antinireraft gun
are a8 followst

{1) The gun nhould bo rengonably offective nguinet targets at
axtremsly high altitudes.

(8) A4 comparatively high hit expsctancy is doaimbla throughout
tho effootive rango 0f the weapon without nmaorificing effiolency at
ghort and madiun ranges.

(8) linited mobility; i.o., portability, is nocaptable,

{4} Tho highost practicsble nuzale veloalty compatible with an
acauracy life of at loaat 1000 rounds is desirable,

{8) Yechanioal ramming and nsparate londing mmunition way be
naceasary and are considered accaptable.
£+ When over-all hit expuotancy is considerod, hoth ubove and below

9000 ,mrdu altitude, a U~inch gun is noarent tiw optirmm oaliber, gun
being oomparod on the sawe imzzle velooity hasls,

» Jinoe the Seinch caliber 1 neursat the optlmwa, all ealibers for
which datn have baen presented being comparod on tho basis of tlie oamo
mussle velaoity, Lt follows that svise cther ¢nlibey may prove to be nearor
to the optimum if that other coliber oan be mede to utilize a higher
mugzle veloolty than 1p practioable with tho Beinch,

by If tho rosearoh now boing condueted by the Chlel of Ordnance in-
dicates the poesibility sot foxth in pubparagraph g, next ahove, then the
study uvontained {n this report is inadequato to determine the caliber
nearost the optimum and additlonal atudios nhould be uuthorized based on

the faots then apparent,
YV « RECOMOUNDATIONS .

14, The Count Artillexy DBoard recoisonds that:

. Pending the outooma of investigations montioned in tie next sucw
cesding subparmgraph, five inches be coneidored tho mont desirable caliber
for a heavy antiairoraft gun.

b. The Chief of Ondnunoe bo requested to expoadite the invostigations
outlined by him in paregraph B of his letter of January 19, 1939, inoluded
as Xxhibis A=1, with n view to inorearing tho rmzzlo velooity of the an¥i-
aireraft cunuon froea BB00 f.e. to a8 near 3800 f.u, aa may be practicable,

g. In the event thut any feasible inoremse in nxzle weloelity for
the 108 1 gun is also found practicuble for f-inch guns, the Chief of
Oxénance be roquosted 0 initiete development of o hunr antialreraf$ pun
with the following general oharaateristios:

{3} ocaliber; Approximtoly five inohen,
(») l)hmlo veolooity: Not lows than 2800 f.8. (98 subparagraph

-b". “bo"I T ! .

(8) dobility: limited, (See paragraph 11, above,)
{(4) Hate of fire: Ab least 18 rounds per minuSe and higher if
praoticable, T . _

i

P e - 4




{b) Zlovationt (un.ta bo.capuble of firing frown 0 lograss
to G0 dogreas and to bo stable ‘at ull elevations nbove 500 mile,
4+ In the svent that ouoh fnorease in mizzle velosity ubove

2800 f.4, ag my be found practiosble with the 108 ma gun gannot be
applisd to the proposed Seinch gun #ithout greatly ineressing its
overall weight ur desreasing ito ncourncy life to loss than 1000
rounds, the question as to Giw caliber of the roposed weapon be
reopened and again referred to the Coanst Artillary Boamd for study,

we Da BCLL,
Colonel, Coust ,atillery forpm,
Exiilbits » to 5, inclusive, ’ ravident,
weoonpanying.
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EXIIBIT A}

Coast . 2tlllery Hoaxd Srojoot 1153
Heuvy rntiniroraft Oun

M

O 2 O T S i w0 T

TRV 310 o
«ITiee of the Chief of oxdnanco
“nuhington

g‘o 472,93/6048
Joannuey 1%, 1U49,

TN ilenvy anblalreruft Jun, loblle Ayne,

T “hief of “vant .rtiilery.

1, Tho donign of tie 90 rm -ntinlreraft sobilo Cun and rarriape han
advanced to such a polnt 1t 1s now poasible to aturt the design of «
largor culiber untiuirerult ,jun and nobile wount,

4e Corparative studies lisve beon nade of artinirerart suny of eullbers
above Y0 ma, as folloun:

1086 1w G
S=Inch Havy Jun
156 mm Gun

In theae studies, the following fagtors have heen tikon into considorntion:
A. Time of flight of 5", 105 m3 and 166 rm projectiles - Chaxt A,
b. lates of fire, o
8. ‘Humber of effective fmgments per ninute for above caliburs -

Chart J8,
d. dstimated weight in traveling position wnd costs of the above

unite,
8. Probobility of nitting va. tinw of Llipht = Chart -3,
L. Travel of plano botweon alote va. onliber « Chart 14,
o Time of flight « 100 ma A.0\. Gun ppecinl projootils - iumzla
Valoa%ty 3200 £/8 - Chart 4%, o ' I
3. Referrng to chart /1, showing the $ime of flight am a funotion of
slant xengs, it will be noted that the Nuvy Beinch 30 culiber gun glves =

longor §mos of flight for various slant renges than the Arsy 105 m A.A.
Gun., The Navy D-inch gun wes thorefore dropped from further cmidomtion_.__

4. A otudy of the $iuo of flight dutn (Joo Chart 41} for the 105 ma
and 150 guns, Indionte that there is little or no choloe betwesn the two

gy
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weapons up %o u slant runge of somo 8,000 yurds, TNeyond this range, the
168 ma gun glves inorcasingly shorter times of flight wntil at a renge of
sny 14,000 yards, the differonce bagomas 5 swoonds in favor of tho 153 mn
gunis

B, The rates of fire ns estimuted for the two ocalibura are = 20
rounds for the 108 ma antietireraff gun, and 10 rounds for tha 166 rus anti-
afroraft gun. In both omses, it is nspumsd that mechanionl loading dovices
would bo used, while the rata of firv of the preaent 100 rm antiairoraft
fixed gun hues been somowhat loss than the above figure (17 to 16 r.puam.),
1t is belioved that with irmprovemonts vhioh oun bo wade in the rammar
syatom and the schoms of locding a rate of fire of 20 r.p.m. is feasible,
In the cmse of the 105 ma gun, it will be neceasury to use veni-fixed am-
mmition, a8 otherwise the langth of the round would bo too great, /hile
undoubtedly difficulty would be experienced in handling the heavy 155 mm
round, it is estimated thut a rato of fire of 10 r.p.a. could be obtained
through the uss of mochonloeal devloon,

6. Chart /2 indicutos the mmbor of effective Irwymonts par mimtto
as a funetion of the caliber of the gun.

7., The welghtas and dopsts of thess gune mwunted on moblle carzinces
would bu ap showm below:

Total “elght in

Traveling rosi- ntinated !

-tlon Copt . :
105 138 fiarie TAML 35.000 1hbs, 950.000
188 rs Gun 48,000 1ha, 200,000

It im ostimated that $ho comparative weights given in the above table oan
bo met. The weight of the 185 mm gun was obtalined by a sonsideration of
the ohunges which would have to be mede in the presont LYB rm ¥lold Gun
11 which mounts a 185 ma gua with a muxsle velocity of 2800 /s and weighs

30,5800 pounds.

B. A study is slso beinyg 1ade of the pomsibility of inoreeeing the
musrle velooity of the 105 mm gun to spproximately 3200 £/s. The present
105 na gun was designed for a mamsle velooity of 3000 £/s, but has besz
used in service at a musslo velooity of £800 £/8, It {a planmed to cone
duot expsrisental firings with the 105 mm pun at the Froving Oround o
detemuine 1%s 1ife when fired nt 3200 £/s and the ruts of dearwase in the
msule velooity. Thore is nlso a possibility of fmproving the present
projecsile for the 105 u antinireraft gun, If these ixprovenents can o
made the $ixe of flight for various ranges will be redused ms shown on
churs J4, Thus, at a alant range of 14,000 yamdis, the ¥imes of flight for
tha high veloeity 105 ma pun would be 24 seconds, caspared to the time of

:_E—'——_-——"F‘"
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flight of 26 seconds for the 158 ma gun with a volooity of 2900 £/o.

9. On Chart /3 is skesm the probability of hitting as a function of
timo of Llight for the 100 ma und 165 ra gunn,  Thowo probabilitics are
based upon pun and arpunition probabilitiocs and asoume porfoot fire ocontrol,
The probability of hito per mun por minute appouxs to be in fuvor of the

amallex ouliber,

1G. It 18 roquestod that o otudy be made of the oalibor deaired for
tho henvy antiaircraft gun and that your recomwndntions bo forwamded nt
tho earliost pruotionblo date as 14 13 desired to procoad with tho desiym

of n rlnrgur onliber gim,

o My .0080n,
lVajJox Aoneral, vhief of Ordinango,

5 Inclosures (Churts)

4A72,311/190 . lut Ind.

~ar DNepartment, 0ffies, Chief of “oust ‘rbillery, Junuayy "7, 1939 « Toi
Prenidant, Coast .ritillery Sonmd, '

l. PFor commont,

2. Ae now visualizad the largor enliber gun proposed lierein would be
utilized {n the defonse of larpe area taryuts nusceptiblo of attmck from

extromaly high sltitudes,
3. iigh mobility for auch a weapon would ho unnedossary though the
weapon should ba of the mobilio type,

By oxder of the Chief of Coast Artillery:

T. A OIEXN,
00101101. CO AI C.
lesgutive,

B Inela~edio ahange.




ouogs

SONVL - TSNV .h.!!.ﬂ.

owosr __ Gomw veany | weowr | ecotr | odewy seon goad =l SeoL ool e —
i “ _ ,“ i B
ecér 23a : _ H
FIILL) FINVNORD : _ RN
SIVID TWIIRNITL . “ _
\da,gu TTom o memormee e e _ _
i w 1
H 1 m
e
: st
_ L:Ill D F7l
= | :
= :
= e i e x
=
- &g i}
]
S.E 8 - R .
EreE s
Heme o :
123 on y .
= 3 o s . Lz
| Py o vﬂ-. '
o L o b !
gy = =2 —— —_— AU S bz
[T 2 O ] M A !
= a2 = % o 1A :
VD o " 4 ]
o~y ‘Gl 5§ ; 153
i b = Lol :
SEBE - S A AL R S S IR S
il == = _ :
ﬁmcnu STNINA orL T OO DY M s ' { |
sanomtl vur ——— SEF T - MDD i L o= P iease
SIHINE, C5P FRAFY o MAO P/ SOF : . i :
TRANGN ¥ EFE oW L T : : : : -
' : . i ! . {
i : ; : i ;
‘ LSRRIV Y SOV TR - : - “b¢
: : : 04 . : i i !
R S INSITS 20 FWLL A IOMVY LHWTS | M .
' : . ; : [ : ; : hd
m w ” L | |
M = t T #- - = .lmn I|¢_. — - “' I ...“ Bttt | 5 J
. ' B M
L A : | i | i ;
S+

S SR S —

SONOIIS L HIITS £ FWiL




-

j,L :

;]

L, . i

5]

| o

§ 3

| |
i
|

DECLASSIFIED IN FULL

Authority: EO 13826
Chief, Records & Declass Div, WHS

Date: vov-2'3 2016

m
w
o =
<f
b |
moO '
530: i
3¢ '
u o
<t
o
|
!
i
i i
! .
! i
e |
O
NG

1

8000

f

!
{
zobo

Jjw.mw ysénva

1000

30
20 ...

.

No. 317 N

.




L
" ;
|
\
¥r o7 g L
A i
, : i
i1 o
: tm *
-4 E B 4
2
: .M.m
o ¢
k3 IJ i
i
B i z
X =
13 :
, 4 zowy woussiOsy do SHVSKTWIG N
Py N ! S IR A
; : m RIGVY %X s
I H a H
: lﬁ. 81
_ “o7
: ﬂ 1
L _ »z g
o kﬁ.ussnmdmuﬂ .E__q hﬁs....ui INL : i :
TR T WRIFFI FHEL SIWIISSY SIFL *TION T 3T
i | OV SO7 P .
LT RT IFILLR A0 ALTIVTOE,] = ) : 82 :
. : ﬂ PE n e e ‘—QM m

002 €L AN g0

SHAM ‘M@ $521290 3 SPI03BY ‘Ja1)
97651 03 Quopny
Ti03 Hi GIHISSYI0AC




L 4 Gor 001
. - RN : - H : [
: T . W,Mhl.w -
L..l.liu b b : ) ' w
: .. I‘MO.*

i
i
i
}
|
i
I
1
i
!
|
*

- r..wr—»*—v-ml.m ey aag e

P,

-3
stu@htc

g\\q FNYId

tﬁ_.a Iy .« £OUS
a9 sﬁ.vhkk
u__uw TIAVIL STAID Haous s
:ﬂs ﬂﬂﬂ«nﬁ.ﬁo&

5&65

nw§ A §}E b/ 1#& 0 TIAVYL

ﬂ,‘. d

I No. 317.N

Chief, Records & Declass Div, WHS

Date: Noy 2 3 2016

DECLASSIFIED 1N FULL
Authority: E0 13326



N

902 €2 AN gpq

SHM ‘Al ssejoeq g spiodsy Jamg
9zGET 03 Asoywny
Tind ¥ g3ASSYI030

.. 0004  oooRl OO0l o0ew Sgoss coors o0y ovolr FooBr oo} oveg oooL 003 ooos.
T gé T T , T =
m . i m t : ¢ b \\
FVIS KL THIKF TIOONCHO : ! : e S S : R e R b
SON v) “ y . HE : P Lo
R il : : 6
mmz Fomﬂomn_ md_O ! I i

H

- 9-v LiSiKXT - NE

n o -

tru QA3

T ey 4

S SO —
i
1
\

e e g

i
|

SRR S PR SN Y
i

R —

e

i

Lr

!
40 LM'.(
<

e e
_ F
m P e
Pl
LRI -
.“ - DHN
' [T}
N 1
R
e o Y AN 1Y
i
——— o — *
e - —— nn
; |
; remet g -
i ] _ i
N S S _ I s
' u.._a.o 4._9.400 AU g!q:un“wu. ﬂuu\huuhok\ .g_l -.q.ﬁq ; : :
. - . - ﬂ. B e v e . e I_l ibE
: aboou.n “FLI5OTIA ITEENN _z.N._u uq..nh M AT i _%chn. A : . : d
: ) T T e SO T w ; . - el g
; ! . . W , : : i ; :
M m : - H ' . 2720 ca SUNEERE IR Sl R R iE¥
r.. H . . . u } I - ‘ _ m




Page determined to be Unclassified
Reviewed Chief, RDD, WHS
LA\:! EO 13526, Section 3.5

ate:

NOV 2 3 2016

EXHIBIT.Z.TO C.A.B. PROJECT NO./AS




o g B -

RaiInIt B

Go ot Tl ary Bo o odrojeet 1IE
Larvy watl lrere 't Oun

L

g BERILITGRERD
vord Hoares, Vir-'nde

[T AP

roloct 110
tabin vy ow, 1009,

boad et Noovy «ptl o lrer-Dt fum, CoLble Tyra.

At [of SEOCre 2l apblliory, R W £ T

b
[+
ry

In son-ection  1ii tiae tudy of neiclrerft wm e !lbore
undortukon turtwant to 10t Indoree ant, DCSi 475.311/80, Jaury D7,
193¢, on laettor 2friece, Clief 1 irdnrmec, 0 W Chilef =l Const
crtidlery (GO 472.93/6048 , Jnuwery 19, 1939, -oubject: Heavy wnil-lre
ersft gun, nobily tope, !nforiation I+ ro. vested .8 %o arvioe rotra
of fire *rosuribod for ad <t foed by Ve Sednch 20 ¢ “iher id B-
faoh 3 ¢ 1iber {w:md Delugh B0 enlider, 1f ny] iwvy -nti lrer 4 eno,

o,

O lonse, (.J'r.-:'t .rtii‘.:::'y Coro,
yroaidents
DECLASSIFIED TN FULL
Authority: EO 13526
Chief, Records & Dactass Div, WHS

N |




DECLASSIFIED IN FULL L

Safarattos cooernt 1

‘.‘!72 .311/’1)-:-’ 11 Ind.

Lo, Cdef of O oyt ity W, Febro G, 18 - o

- verrhoont,
irTosldent, Co: st 1t ller 9y pd

PRI B T Y o
1o owedlsbls Ingfor-tion {nile tc  » trates of Plee of froe 1T
to &0 rounds ver dnute re ntin et noranlly AALh both the Belnel 25
e.liber md ite Beinel 30 endiber ! avy ntialver £t an . It 1- sl tod
el r dos of flre w W 30 rowndn ver “loute . ve boen ttaiined in

isolitac enrog

2. The JE e.liber -un user £ xod wuwsindiion po o the U oe libor ~un
uses pop ity low Ine cmramition, T .o letier L el lrsd ¢ by 1 Jorat
A fist -8 the farmoy,

Se 8 m -tter f Sonarel Interest, Cr. tin ohuyler, Hupseu of
Ordn nea, lsvy forarteent, o oiro eed tio bullof th L v r.isg of

fre oiv idee Treatly by the uge of thregepot e catiers, utlai.tle
firlne, nd nover rooseps,

4o It 1: 'mdergired t.4 e pobew o f fie. e meetbod by i.ae
Luvy Do optont nxeest I thw egso £ o apt ¢ oon by sl vrnetice ere

Bn urror At | s orotloer boen agtab il ior 4 ool tergat ' s-lat ,
It Is bdeved £ 4 Lo o of  uel 104t Lion ] ve. emivorsl, o
OV L ve beon o ged e 0§ b el tnod,

v

By order o Do Cdaf L 0 gt ptYT apes

.

Authority: EO 13526 cm-ul,' “oiCa,
Chief, Revords & Daglass Div, WHS XOOUL IV,

Date: vy 2 3 2016




EXHIBITL_TO C.A.B. PROJECT NO../AC=2—

Page determined to be Unclassified
Reviewed Chief, RDD, WHS
IAW E0 13526, Section 3.5

Pate: oV 23 2016




ht . Jﬁéﬂw M i '“

b-ica
ManTiw

<
_—

"~
BOEIN

siliens

O -‘ : & . ...
Lidinid$ts S @nitne iz L

1942

a0

>

T 32 L LB 134 s 1936 D57

3

TLAR

DEGLASSIFIED (i FULL
Authority: EO 13526«
‘Chief, Recards & Declass Div, WHS

Dats: NOV 23 9016




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

Date:
NOV 2 3 2016

EV”!BiT,JZ_-TO C.AB. PROJECT NO.£452 —




s e e DECLASSIFIED I FULL

Authority: EO 13526
Chief, Retords & Declass Div, WHS

Date:  \ov 23 2016

| A , _ T{i-m . ,..,_,Af[_... T . :_‘ ﬁ]_ . 7
- ‘ f '
,f I ! | | l |
! ! | z \ ! ;
€000 . A
: f CEXHIET |
. a4 B PROJEQT 153
; . 50 Sec d Fuze Range Curves '
Y e : - e ~der S
L T |30 o0km, 108mm, 5" & 155mm
— : ! B Gung | .
- T‘m,_ t§% , . MV = 2800f s, !
| . R e : : {

.'”‘-\..___“ ’ . %'54 <( |
? T8, \§Q¢k N
0000 . ' 4 g,
_ﬁ*&'—*“--—g__ﬁ__b_ i \
: ~. 93 44 : &y, .
oo ﬁgws f@
8000 | LS - ;
j : “\g o 1
L \\7*55» |

\ . < .

-1
4 !
> . g0inm] 5" AND. 155Mm CURVES
| EBTIM ao BASED ION SHELL FGAM
w smu_.a TO f05mm| AR SHELL W38
400 =1 {
& ,
2000
‘____O N - N ’ i - . . - . I PO . b . 7 ;
©+ 2000 4000 6don 8000 i0goo0 12 -14905 ;
N | ‘RANGE - vARDS SR
| . o ‘ ¢ '
P E I ]
I ; 3 ' M
" : ! : f 1. ] |




Page determined to be Unclassifisd
Reviewed Chisf, RDD, WHS

IAW EO 13526, Section 3.5
D2 Nov 2.3 2016
TO C.AB. PROJECT NO./4/5—




Page determined to be Unclassifieg
e
e 5
vat: NOY 23 ﬁm
j ~SEERE i
. . i &IAHiili[cg S 3
e 1000 SO .flcaaﬂ.mo. _17‘1@;,'_._&7.?_#
SLANT RANGE AT WHICH THACKING
MUST -START TO HAVE INITIAL aunsr
- ON 30-BECOND - FUZE GURVE.|. . ..
. . 300 MPH INCOMING TARi .".'
e e 2000 S S SR L
' M‘L \ LEGEND |
S N 1Y e N A A L
T B -——*—iu'-u——h-p—-—-' m'
I A e A e X, sq;a:; . .
N B .+ BDMM.
' . .\ . . '_"“—1"&'""""""—""‘"5
2 A RN
g - Lo Rt
I L 1, _,g‘,.rhi‘i_: .. s e L
g | SR CESS IR
‘ S Y UL IR N SRR EUE Y RO P P '
- ‘ A R Ll D
3 el
— ——-400C — ')L*" o et b e L
290d: . iegod " codo  agfedi SUETEII I
S ‘.sLmr RANGE e A
Y IRRREEERDY ERPIRERSY b .
] " LI R I TR B




Page determined to be Unclassified
Reviewed Chief, RDD, WHS
IAW E0 13526, Saction 3.4

Date: wov 2 3 2016

EXHIBITA.TO C.A.B. PROJECT NO..4c3




y: E0 13526
Records & Declass Div, WHS

DECLASSIFIED i FULL
Date: NOV 2 3 2016

Authorit
Chief,

A e e e r—————— . el

FFLIGHT

» 5", B 156mm AA GUNS
t
|
L

QECT R

vS. TIME O

OR

EXHIBIT F

CAR
T RANGE

}

3, spnm-. 106m

.. SLA

SLANT HRANQGE - vARDS




: P T
Toerriiyd L R Y i
P i NS
P PR
'ﬁl 7

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

NOV 2 3 2016

EXHIBITG_TO C.A.B. PROJECT NO._//v=%_




]

==

=

=

[

@
ool og v
i
UG%Z
NS m
_—
”mosm [~ N1
HET =
. ..W o=
g =
S..rlhR
SS8Eg
c an -
B«
Do

&Uz.q.n@wau

- €SH-103P0N4-

9 LiEeXT

_~—ES503s




o ol

£

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

Date
NOV 2 3 2016

EXHIBIT/ALTO C.A.B. PROJECT No.___,ma.v_




=t +

v o2
Y _ L X3 .

—
DUTADCE Ay Cexy TRARZYEEY - Lanps

DECLASSIFIED 1H FULL
Authority: E0 13526 '
Chief, Records & Declass Div, WHS

Date: Ny 2 3 2016




Page determined to be Unclassified
Reviewed Chisf, RDD, WHS
1AW EO 13528, Section 3.5

Date
NOV 2 3 2016

EXHIBITZ.TO CAB. PROJECT NO.A%2




N FULL

y: E0 13526
ecords & Declass Div, WHS

NOV 2 3 2016

DEGLASSIFIED
Authorit

Chief, R

Date:

l

v
E 'ROUNDS -

I

1

!

1'

!

-

e S

3
|
|
Co
. I- .
Ia
|
4
|

FOR s

et N

J
[ .

CTANCY

‘ :
r ]
b
’f e

l:nvsim EXPEC

W -
: €=

" :WLH__,__;:' A
-
:-—o--t—-‘

i -

{

1
——— e i | -

{

+

_—— e

DESTRU

R SR Rt g R el

=1F

. .. . " .
N3O ¥3d .J»uzﬁu#_mw LiH 3AILLONN 193G

B S
. P Py
oo d - '
: e

- 2000 .



Page determined to be Unclassified
Reviewed Chisf, RDD, WHS
1AW EO 13526, Section 3.5

Date:  vov. 2 3 2016

EXHIBIT-I.TO C.A.B. PROJECT NO. 242




L

GONTA - FIIVE  TYLNOTHOW
[ 11} e On onoa 20048 oL 00 LaGu wle SoOg ] enad

) omded ., ., - T pacy
y &dnh - - . M - - 2 - . nﬂa . - . " ”“ * -
.,.. v ¥ asied wiie S 021083 T aPn L 3anodaicag | eata Looins B0 wot¥oot. ¥ e
, E
e | P omt over oo™ ooce” ooy~ o’ o’ L
\ AN T
alte, Lz ioms evims \ ™ s @ /n ® %u 5 P
LRI TEEUKE ;i!{ ._,. / ./ h..\/.l m
e / w ool ogee - aocs ~ /Sn-\ ooer” u,//oa\ cooe
e — K3 ..\ -3 oF (1 // o [+ 4 / "
orvy ,.. - N
wouga /.../!M..I\ ooga oome” //uyoo..d oore’ ? toe

TG - Boode Gove” ooes” //../ dowa’ R
....... / / N om v .-n;/ o )
x L TNy .
™ Clgtd 3 WY mDiwa o ~ ”/
TCNNON 40 wITR TYIOL \Euno & ods . i
- RN
. - ~ % * A
ey a T - By
e o N - o el , e Ty : ~
™~ Sge oam_.., oose Doox
E o -
¢ N-B-SINET - Tuld 4O Tiw B ] .,,,/. .
AGZLIVE YY.C WDy T & S,
AFNYL DWMONG Hei OO -y Rt /
U SONGE K WM WS pogyt — tooq
LN MO IED
U ATHON 2
[T )
[ oo
— — i —_ e o ——— !

907 €T AN :gpeg

SHAM 'AlQ SSBJOaQ 7§ SPI0agY ‘Jany)
9267 03 -Auromny

TinS MY GIHSSYI930




o

Page determined to he Unclassifigs
Reviewed Chief, RDD, WHS
1AW E0 13526, Section 3.5

NOV 2 3 2016

-3
EXHIBIT £.TO C.A.B. PROJECT NO. M2




v, WHS

E0 13526
iof, Revords & Declass Di

y

DECLASSIFIED IN FULL

Authorit

Ch
Date

I 1 { : }
....... S EEETEANE BRI F RNl
T e g ey P g
S BE g 2
............ RS I > RN ol N . xR T
,-1_.2%“.-.‘.%“ 7 H -
LIS IO 5 & LR SRR

ET
TS ‘AT 3D SEQOND

NOV 2 3 2016

& _
o .
= [
oy ERe - 2L R g Jrinyripois ]
) rowgw . el 1 Aeoddo )T
‘ ROt 18- R SN b IR IS aried o5 »
L 2w BB R o fmrd et _
o 2m BERREEY SR R ISR, ¥
XEE IS EEEEEY | loi iy .
— i & [R5 e TR LR e
R R 1 = P ar 3 22D | * . w GL L IITTTTTT : i
. TITI W il MO N I O B I I M Ry
ol X UL ERER Ju SEREEY PRESuSus S o~
- : I > M -mz PN - PR .
I P B T - 1 g SRS S .
R R B -5 =« IR0 O IR s
o goL gt S PR SES T
RS R —— - N R ,
i : : i IR \PESRRES FRSSASSEAN SESEE g 2
............ SEEREE B IR RO B SRt S hen ot | P
B EEE RS SRR B , i i RS enante EE FHRREE
e . I d i . .- 2
T ——- _ »@ ! f . . L .. Faab mlw,q.i. - u.JB.i .r.l.n ;

SR i

................ LI T W SOV B
......... bt ber ot g ]
H -

Rt SENE TUIE PR W Sp .

- T : B AU LRI i i : s
N . [P i 1 : )
e STl 1ok . ot .- R ——— i m
- e L e o : . R B o o 4 - G T Tt
S I - - - L B B A T I . ! LTI v s
.- ... N ) ro. P .- g . = - - : . . : H

T
L
g
i)

N o . [ - . ! : : bomee
. - IO SRS AR R Rt R Sy SR _,..;_..t.”.F,..HM.EHWH;. i
Toob e o AT B [N S N SN . ; oy . LT :

R : e L AR B + wao. : Do SR LT

|

:
.
;
N
.
.
T
I
.
.
.
:
4
.

R I

+

215N

S L UNC L
;200

X

AL " A
NS | V% AV m




[

Page determined to be Unclassifigd
Reviewed Chief, RDD, WHS
1AW EO 13526, Section 3.5

%20 Nov 2 3 201

EXHIBIT£_.TO C.A.B. PROJ_ECTl NO. 2422




DECLASSIFIED 1K FULL
Authority: E0 13526
Chief, Records & Declass Dlv, WHS

Date:  Noy 9 3 2016

......

B8 PUREERR E"‘Hlé”' L, SUREEY R
‘ " C{f\3 F‘RGJECT 1T SR

. ‘ MRH ’ING—”\‘\;HIL ; ) |
. GUNS ' ARE mec ON: A 3paMpH" -~
©r | INGOMING: FARGE ‘REAGHES

. THE - OVERHEAD . DEA

4 '
' . i [ IR R l,
' LR N 1
........ : s D D
llllll 1 | - A . . - L A )
] B [ I S TR B t ] H 1 . L A v e '
-+ ] L L I N N
------ - P i . . N .
..... . . N ' ' PN
_ . B o ST N S




Page determined to be Unclassified
Reviewed Chief, RDD, WHS
IAW EO0 13526, Section 3.5

Date: Nov 23 2016

EXHIBITA.TO C.AB. PROJECT NO. {/d=

e




g
|

177

. /.W \ ._ N,

N
M.//

035 0 1v sis
. © AYIILvE NNO-p

3ONMY 37N

N8 viliNi

430UVL ONBNOONI HAW |
AVRE LM wa.”.ezw_hwwo [
. . 93103dx3 37 xuw
T m__,to.,.m._. 3¢ 130 €79 :
QI35 r..tgw

SqUVA - 39NV Y

000

|

i

SQUYA & 3ANLILTY
L)
&

DECLASSIFIED 1N FULL

ecords & Declass Div, WHS

y: E0 13526

Authorit
Chisf, R

Date:

NOV 2 3 2016



Page determined to be Unclassified
Reviewed Chief, RDD, WHS
JIAW EQ 13526, Section 3.5

Date:
" Nov 23 2016

EXHIBIT N-TO CABPROJECT NO._LLs2 .




[

A e

P,

802 € ¢ AON

‘0jeq

SHM ‘aiQ ssejoaq 3 spjoasy a1y

GUN BAT

e ]

97881 03

“AlLioyiny

TIRd # INSsyINA0

f i
i .
I

LEGEN

voala b ¥ e ¢ a"

— T o= —e e e

2
R —-30mm

_.. : ol
R s
Tr e R “W” AN

patiebsie)

S5
19090

NN

s
R ..\*\.7

ALTITUDE 4 ‘YARDS -

3 Lin 3N LadsisI

100

. 73400 4000 8000 6000 7000 800C B

——— e 1, -



L R N

“Tlunul. 4 L _ _ R N L - - . P S s T S D SRS S
BT S R — L e e — — = v T s I:llll.-‘.-,l.l;lL'l - —— ——

]

BE. .
OMING TARGET,

ERY,

]
!
(
!
!
[}
§
1
1

|

|

|

I

!

L ‘
E’EERGEN TAG

RUCTIVE HIT EXPECTED

N-2

' '
—— e bar pam =

155 mm

sal

1BIT

OJEQT 1t
SHOWING
035 ALT

X

- 1bBfnm
qomm
r
1
i
H
0! :
N
L [
LN

_.H - 3 3

M =

N GNP Em TW
<

L : o

kY]

COMPARIS
OF ONE O
4 GUN BA

300 MPH!
MV

Chief, Records & Declass Div, WHS
NOV 2 3 2016

DECLASSIFIED I FULL
Date:

Authority: EO0 13526

: i i
: , * !
! I
! ! { o -
; : ﬁ,.l-ﬂi e
i .
¢ H ‘ o ™ I i i - \\\\. \\1
H 1 . i ol
m “ M P i i i\\\\\\ \\_\
. 4t P -
. ¢ - ‘\\\
- - - —— ——— - - B B e lllu‘.\ - . P e
\T a.\\tn \" .!Lﬁ\!l
. - -

m
i
!
|
]
B
-
!

]

!

I

1

1
e

e

P 1 .

e M e = e i w o w e w ek o me 4 e e -

N S &

- S - —— s W s et o e e e

100

e LU DU DRSO SRS RSP S

L _ ANID ¥3d -AONVLIREXF LM BALL )
Q. . ERCERT ”..U_. nu\ : n
R ..Bf... J m . 5 o .. ....3

L

80
.20



s N

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

NOV 2 3 2016

EXHIBIT_2. TO C.A.B. PROJECT NO. .ZLJ,'J__

- . _




10000 YARDS

i1 000 YARDS

i2 000 YARDS

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.

ECRER
EXHBIT O
CAB PROJECT 11563

DECLASSIFIED IN FULL
Authority: EO 13526
Ghief, Records & Declass Dlv, WHS

Date: N 23 2016




& -§

Page detormined to be Unclassifieg

Reviewed Chiof, RDD, WHS
IAW EQ 13526, Section'3.5

Date:  \ov 2.3 2016

EXHIBITZ.TO C.A.B. PROJECT NO._4%_




R \
CTE
U~ S o
hees b
Aaieioig
Y4
Y
. 1]
cvEye
L;"" N
it
M
2
i
i 'm I?.h“.
By T T e Tt ot PEBEL PO
Baneid '
Fayysgsats ol SEJESEd U
14 L0
}
WrAxEs T L "
R e s
s ; Lo HEH

DECLASSIFIED 1% FULL
Authority: E0 13526
-Chraf Records & Declass Dlv WHS

NOV.2 3 2015

3
ﬂl "o?m

ﬁmu ASE OF OWE
2:11 CALIBERS AT

TUOE FOR 00mam
WY e 1800 FB AKD SIOOFO
4. SN BATTIRY

300 MPH TARDET (oicciiied)
HHTIAL RURST AT FUZE RANGE 30

LYORAL
s K 3 ase s B $RODF R
an B ek B~ RECQFE
———————————— e 100 B0 = W00 TR
e s s e R $900 16
M
i '
P -
i

H 0-!'10‘

%mllfiF ‘1Lilu i

i
Hh" N“}H"*Iu! ¢

I'll

ks |




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

P Nov 23 20t

EXHIBIT-Q.TO C.A.B. PROJECT NO..lis2




DECLASSIFIED IN FULL
Authority: E0 13626
Chief, Records & Daclass Div, WHS

Date:

S P O

NOV 2 3 2016

[
1

CAB PROJEGT Hé e e e

COMPARISON SHOWING RELATTIVE HIT
EXPECTANCY CH HASYING TARGETS AT !
HORIZONTAL RANGES. I

| VARIQU
; H.: 12000 YARDS. |

]
<a

/r\ MV = 28?0 FS ;

! © 300 MPH TARGET | e
: " 4= GUN -BATTERY . |

' 7 N tjﬁmm
t I - .o, L] ks ]
- ! e \\ e’ A e X —— BP
> / - o | m L L = 1dsmm
8 o | ; i \\\{ H '
! N X
208 a ~ | j e ST DR
o a% t 9 g < ;
' ‘ ; | ' ! :
: X } . X : ;
> ! ; ) |\ : A
$ I A \
18 .:E { N ; \\ ey
u 1 i .
= i / | n | ?
- B S : N Nl

°
: H

| o\
', - rq
LY

[

— e —

N

[ PV %

t
g . ) . i
i e . i . ;
// \ PO . Pk i
- A ) } ‘ | Y
- \- N . + I )
A AN
R T SSINENSTUL Y AN SR S - ;
00 - spﬁo; © 4000 8000 8000 70p0
R { } R !
MINIMUM: HORIZONTAL RANGE -(Rp) - YARDS .
- i i
i R ]
i |
f PRS-

T e A




—_— ———— —_—

mqu.r. nEm L
mn:_zi

NQB< J#._.ZONEO
. v o~ S .c

LA

394YL - ON

- I .
J«E%w_m H SNORNA -
m.,,_pﬁmm wz_;ozm |

oNtv103d X3

mEaiSO

.- - - -~
- -
- l“l
............. B -
. - ‘.,MUN -
el i e e
e IR N
D jooom.
- . . ama.
e -
i . K
R ——d s e ek
.J\\.l\ - .
g ROENIENE B g
.03

UL

P -

y: E0 13526
f, Records & Declass Div, WHS

Date:

DEGLASSIFIED i FULL

Authorit
Chie

NOV 23 2016



DECLASSIFIED iH FULL
‘Authority: EO 13526

G g v s

| ! _W m
| " = e
| - - e
B ! = o : o
1 - ¥ E .
F i = - O E &
. <Xy I R
' Nt B {7 24 -y
: Dw o= . a =
B .zw.! R”GM‘S b m i
RN §1 GW Qo mw o 7 - m;
i : P ™y Tt - g R . S
f B O WPM >R e : ‘ =gl
| “.Hm“ % 0+ 28 : NN - S
) ) %”. SOZ Caza o R R T
: - Dz OWWE ey
§ ” g . ) . . .
: 03B o _ e i ﬂu.ﬂv..m._
, TTEZ 2 ¥ o= S
m :ALA Ha_qM ...a..mﬂ”
: 4] : . ~oE
; -arg e -
o _ IR © o P
0ZE | P
: _ o™z
u 8=~
5
- S
-
87
SE-EE
o
b
—
| ™
Q h—d
. E e} -
D ¥3d - AONVLO39X3 ;.._
W ,_




L

]

t ¥

Page determined to he Unclassifies
Reviewed Chief, RDD, WHS
IAW EO 13526, Section 3.5

Dale: oV 2 3 2016

EXHIBITAZTO C.A.B. PROJECT NO._/A=3_




EXHIBIT R
CAB PROJECT 1153

NO. OF DESTRUCTIVE HITS AT ANY ALTITUDE

Y_GUNS_OF,
" yARIOUS. CALIBERS.  OPTIMUM

5 ANY ALTITUDE
£ THROUGH

o

[~
@

o« !
r

y -

T

-
"

q.

R = INGHES

9102 € ¢ AON
SHM 'AIQ $52199( 3 SPI0IRY ‘jo1y9

8jeq

82681 03 -Aysoyny
TINA H Q313USSYTI03C




Page determined to be Unclassifies
Reviawed Chief, RDD, WHS
1AW EO 13526, Section 3.5

D2 NOV 2 3 2016

EXHIBIT.-S_TO C.AB. PROJECT NO._ud<3




DECLASSIFIED 1% FuLL
Authority: EO 13526
Chief, Records & Declass Div, WHS

Dats:  Nav 2.3 2016

By

) P m M ! u a_ M
- mmmmm h .\me. nummm
8°ge o k%
mmmmm W v \. ;‘.. - An mm

2 g5 38 _. N S -
: o o458 5E ST I m §
IEAN mn \4 ¥ ke

DMW z et 1 S S

2 mwsmwmmmn Wi m&

e E mmmmmm‘.m PRREIN 1






