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THE GENERAL BOARD
UNITED STATES FORCES, BUROVEAN THEATER

RHTIAIRCRAFT ARTILLERY TECHNIiUES

PART GKE

INTRODUCTION

1. Buckaround, Scope and Purpose, Vorld har II has provided ex-
tensive opportunity for the tusting of estublished techniques and the
develooment. of new techniques for antiaircra®™ artillery. The purpose
of thls study is to examine the techniques used in thz recent campaign
and to make ricommenduotions Zor such changes or edditions to War Departe
ment policy as adnesr to hoe indicoted. The scooe of the study is limited
to antiaircralt teohnicel activiuive in the ikuropean Theater commencing
with tho "Overlord" oppreciction (August,1943) and ending with V-I Day.

2., Curront har Devartment Dectrine upon whicnh Changes are Kecom-
mone d ¢

e, Antlaireraft srtdllery oporatving procedures, including
drillis,

L. Antlelreraft artillery communications systems.
o, Fire contrel technique for autematic wcapons and guns,

d. Pronaration of fire for guus,

-1 -
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THE GENERAL BOARD
UNITED ST&TES FORCES, BUROPE!N TEEATER

ANTIATRCRAFT ARTILLERY TTCHNIZUES

PART ™0

NARRATIVE REPORT OF COmIITTLE STUDY

CHAPTER 1

MOVEMENT <ND DEPLOYMENT

SECTION 1

METHODS SHFLOYID I THE SURQPEAN THEATER

3. Throe Different Techniques of Reconnaissance, Selection and
QOccupation of Position wers used by antiaircraft artillery units in the
European Theatcr during World lar II,

4. The First Msthod used was a standard 4rill for gun, towed auto-
matic weapons, and self-propelled automatic weanons units. The drill
was compiled and published by the Theater intiaireraft Officer.l 4
majority of antiaircraft sriillery units assembled in the United King-
dom before Normandy D-Dey, 6 Junc 1944, underwent treining in accordance
with these movement and deployment procedures, Sone uaits trained in-
tensively at a special movement znd devloyment school, and others prac-
ticed the drill within their own units, A study of the answers to ques-
tionnaires submitted by battalion commarders of antiaireraft artillery
units employed on the Centinent reveals that, in combat, the overvhelm-
ing majority used the drill, with or without medification; that most
commanders made no comments for changing the drill; and that the major-
ity believed that the movement and denloyment drill should be made stan-
dard and published in War levartment publications.? These movement and
deployment procedures provided a standerd drill which, in rormal situ-
aticons, insured

a, Expediticus dissemination of necessary information relative
to movement;

b, Elimination of delay by tns accomplishment of accurate
routs recennaissance and seiection of pesitloen, with concurrent march
order and losding, and subsequent moving of equinment;

¢. Efficient tactical loeding, well-directed and exveditious
mavement, and unreterded cccupation of position;

d. The accounting for the loss of any man or vehicle during
movement.

1 P37 Bikliography Pars 1, 2 arcd 3
2 P37 Bibliography Far 4
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5. The Second letnod used was a2 cambinstion of the movement and
deployment procedures discussed in paragreoh L above and certain modi-
fications found necessary due te the situatien. In generel, automatic
weapons units attached to divisions found modificstions neccssary on
account of the nature of the missions assigned and the metheds used in
accomplishing them. In some divisions automatic weapons batteries were
almost vermanently atbtached to ficld artillery beztslions, =nd reconnaise
sance and movements werc made concurrent with the field artillery. Fro-
quently, especially in the ermored divisions, missinns were nssigned to
units of less than platoon strength, Such assigmments prevented the ox—
act practice of 2 precise movement and deployment drill., Included also
in the units in this category were many ssmi-mebile units, whese lack of
transportatior prevented the use of the drill,

6. The Third Method might better be referrsé tos as the '"remairing
methods", ‘Antiairecraft units wnich had never been trained in a precise
movement and deployment, proczdure in carrying out thy principles of re-
connaissence, selection, and ccoupation of nosition as published in Far
Department publicetions hud devised treir own rrecedures on the subject.
Variaticns in methods between these units rangec from great to little,
although in mnst cases the procedures were satisfactory.

SECTION 2

COLPARICON WITH V..R OEP. RT.ENT DOCTRIUE

7. War Department Doctrinel lists scverel methods for making re-
connaissance, Reconnaissance for heavy antizireraft units is covered
in Field Manual 4h-4, June 1945, which lists the reconnaissance metheds
for the battalion commandser and the battery commander, Both methods
oubline general procedure and bssic nrinciples which, if followed, would
insure the advantages listed in paragranh 4 above. rlowc,vcr-, neither
method describes in detail a workable nrocedure for following basic nrin-
ciples, Field Manual 44-2, Jecember 1G4/, covers roconnsicssance for
automazic weapons units, Bere :g:in, general orocedure and basic prip-
ciples are outlired, but the detailed technique for the following of the
basic principles is lacking.

&, Comparison with lstheds Used. The metnnds of reconnaissance,
selection, and occupation of position (movement cnd deployment), used
by antiaircraft artillery units in the furensen Theeter, insured that
the gereral procedure and basic principles outlined in har Department
doctrine were followed, However, war Departwent dectrine provided only
a broad gensral guids upon which the detalied technique employad was
founded. '

SECTION 3

CONCLUSTONS AND KECOMMENDATIONS

9. Conclusions:

a. The mevement and deployment orocedurss published by

1 P37 sibliography Pars 5 and 5
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Headquarters, BEuropean Th

eater of Operations, were used botn with and
without medificaiien =nd pro

duced excsilent results.

t. The intiecircreft srtillery needs published doctrine on thne
deteilsd technique OQ reconnelssance, selection, and cccupation of posi-
tien.

10. Recommendabion: It is recommended that published War Depart-
ment doctrine be cxpsnded to include detailed procedures for movement
nd deployment of entiaircraft artillery units of like type which can
be followed by units in normal situatirns and which will serve generslly
as souid guides in any situcticn,
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CEAPTER 2

CORIUIIT CATICLES

1l. War Depurfent Dectrine Changed during the campaign in the
Buropean Theater sc far as comaunications for antiaireraft artillery
units were ccncerned. As sovisaged in 1943 in pudblicesions™ which vere
used by wiits to prepare for the ceampaign, racic vwas intendéd to. form
the froxeveric of communications for antisircraft artillsry units ond a
mindmun of rire communications egquipment was to be included in unit
allowances. By 1944, hovever, tihe outlock had changed, and vire was dew
clared wost dependable means of commwnications ani vas to be used
to the fulleat extent., IExcept for self opelled units and widely sep-
arated headquarters, radic vas to be co srad an auxiliary means of
conmuiication, Doctrine conesrniny responsibility of commnnders, co-
ordinazicn, ani comrunicaticrs discipline, es apn e to entiaireralt
artillery, was to be publ cd in Field Maencal bl ¥ manual hod
not aprearved in the list of publications as of 10 July 1945.2 Deetrine
used in the durcpean Theater appsars in four late publications.d It
gtates thot e¢ach wnit will operate a comcand net and an intellimence net
either by rodic or by wire (eucept self-zropelled units) or beth, and
that elternate means of coxmunications vill be previded to bs used in
cage of failurc of one o the nets.

€

Al
[+7]

12, Teehnigues Complicd with Doctring so far as availeble person-
nel, sguipncit, and the situation wvould permit. Separate comwand and
intelliguncs nots vere used ty all units when disvances vere net too
freat or movement was not in progress, Liclson wire lines vere laid
botween antiaijrcraft artillery usits and unite of other Lranches and,
vuiien transmissicn was gocd and traffic permiticd, it vas sametimos Dose
gible for any unit to comaunicate by vire vith almost ary other unpit in
the entire Buropean Theater. Gonerally speaking, hovever, comaunicttions
ware slow and froquently incffective in spite of the effort coponderd,

. Docsrine consisted meinly of iwrproviaaticns re-—
quired or inadequacy of equipment and pergornel. This
inadequaey is uenticied in a dengral Baord study on organizasion and
oquipnicnt but is nicntioned herein on account of its bearing on tecii-
nigue,

ne Ferusal of tables of organizaticn avd equipmomﬁ reveals
that a realistic interpretation of docirine vas not employed in provid-
ing for 'round-the-clock! opercvion. Units vere compelled to shift nen
among soctions and batteries to pernit opore n nol oaly of equipient
alloved, Wt squipmcnt drama from the dignal Corps to supplenent hat
had originally bveen furnished,

1, Par 13ka, I 4-100, 2& Juac 1943,

2. Par 37, ¥il 4L4-2, Decoabor 1944 and reiterated in Par 29, FM 44—
Junc 1945.

3. I 21-6, 10 July 1945.

Lo Fi hiw8, L0 dugust 19hk; FI 44-2, Decowber 134i; Wi hh-G, March
19L5; B hy-h, Junc 1945.

F. P 27 DBitliography Par 7. For oxample, i3 is to bo noted that o
brigadc is alloved eight opuraters to man three radios; a group,
soven for tirce radios; and a battailien, four far ithree radios,
Hone of theso alluvances permit 'round-tho-clockloperation anéd o
Justifiable rzason can be found for the variation in nuubers,

=
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b. Radios provided ir tables of sauipment lacked uniformity
as to type, lacked adequate remcio-control facilities, and -iere gener-
ally inadeguate Iin nunber, frequency, and range., #dditional radics of
gufficient power vere dravn froo the 3ignal Corps to supplenent these
isgued,

ce Wire communications toehnigue differed from that conzem-
plated in field manuals, In order to oxpsdite the laying and mainten-
ance of wire, lines Vere frequently laid fo a unit by a lover echelon,
and nets of units other then antiasircraft artillery were used. JSuitching
centers of divisicns, corps, am other units were frequently uscd by
antiaircraft artillery battalions and higher echelons, The fcchnigues
erpleoyed to esteblish primary and =ltcraate nets, as well os Liaison
lines to units of other branches, are so nuwierous as to preclude profite
able discussion in this study, The utilization of four to Pive times
the allovience of wire frequently occurred, and 'was necessary. The Sask
of laying and maintaining wes far beyond the capability of comnunica-
tions porsonnel alloved.

1. Conclusions and Regormendations.

8. Conclusions;
(1) Tables of orgenizetion and equipnent did not pernit
a universally efficient systen of continuous cormuni-
cations, as envigagod by Var Department doctrine,

(2) Comunications nced complete revision,

.  HRecommendatio

ns. It is recormended thai:

(1) Communications be standardized.

(2) Adeguate equipment be designed and provided,
(3) 4deguate personrel be previded,

(4) Tecanigues of comaunication be develeped to £it fu~
ture operations and 'be publiensd in field manuals,

1, 4 popular tcchnigue was as follows: ire vas iaitially laid clock-
wise around a dofonse--Eattalion to 3try 4, & to By, B to G, C to I,
and D to battalion, Intornal Wirc in hoadguarters ard battorics was
laid by personnel other then lineonorn,

-6 -
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CHAPTER 3

FIRE DIPACTI

WiR_DEP. RTMENT DOCTRINE ON FIEE DIRECTION

15, Definitien of Fire Direction. 4s stated in Ficld bianual 4-100,
28 June 1943, and reiterated in :11 pertinent Tield manuals issued since
that date,l fire directics is defined as: UThe exercise of the tactical
comnand over one or mere fire units in the seloction of targets, in the
appropriztely tlmed cencentrition nr distributicn of fire thereecn, and
in the restriction or release of firc.t

16, FResponsibility of Commanders, Lecnrding tn the dnctrine con-—
tained in Field Manuel 4-100, waich wzs the basic doctrine under which
antinireraft artillery units were troined, the [ire unit commandsr was
responsible for fire directien under restrictions and rules for target
pricrities impnsed by standing operating orocedures;

a, wien time did net permit e¢stoblishment of a suitable com-
mand net,

b. then fire units were so widely separated as to preclude
practiccl direction by a higher echelnn, and

¢, #whenever 1t apocarcd tn be the best mcthnd.

Fire direction wos Lo be oxercised by echelrns above ths fire unit in
stoebilized and highly organized defenses (exceopt for zutomatic weapons
battalicns). Neo substantial change in doctrine on responsibility occur-
red after 28 June 1943, but antiairereft artillery opcrotions rooms were
universally ~dopzed for warning purposes and as vehicies for the wrzer-
eise of fire direction by échelons obeve the fire uanit.? Thus, when the
campiign on the Continsnt began therc were twn methods of exercising fire
direction in use by echelons above the fire wiit. One wos indirect, by
means of rulces for engagement according Yo which the firc unit commander
could operate even when communicztions failed; one was direct, by means
of which sither his targets could be assigned, or "RELEASE" and YHCLD
PIFE! orders could be issued from an operztions room,

17, Fire Restriction, Doctrine of 1943 states: %Restrictions will
be impnsed on the ninimur number of antiaireraft artillery units consis-
tent with the accomplishment of the desired aim." Emphasis was placed
nn tne necessity for freedom of fire, but nn detziled rules for restric~
tion were given. By 1944, however, the need far suwch rules was realieed,
but the rosponsibility for ths promulgatinn thereof was placed on theater
comranders. : :

1. Bl 4L-2, December 1944; B kh-L, June 2945; Fif L4-8, 10 iugust 194,
2, Sec Fl4 44-8, 10 sugust 1944.
3. Seg, for cxample, par 23d, Fd 4L=4, June 1945,

-7 -
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FIRE DIRECTION IN THE EURQPE,N THL TLE

13. The General Plan for I'ire Direction in the Xuropcan Theatw
wzs formulated by the Supreme Cemmander in cerrying out his responsi-
bility refcrred to in parsgroph 17 above. ‘The plan, in general, was as
follows:

a. Selectinn of targets ard the timing and distributinn of
fire thercon was tn De accomplished by fire unit commanders and lecal
antizirceraft defense commanders.

b, To safeguerd friendly eircraft, flying aver certain de-—
fended areas was to be restricted ard rules for engegement of aireraft
correspending t o the degroe of restrictinn wers orescribed.

¢. Antiaireraft artillery operations reoms were to be the ve-
hicles for fire direction by- local entiaircraft delense commanders and
comnenders of higher echalons,

19, Selection of Targets and the delivery of fire thoercon were
actually accomolished by fire unit commanders almost exclusively. In
the exercise ol this function they were guided by the eleborate rules
for engegenent issusd by the Supreng Sommendere dnd such "HOLD FIRE" and
"RELE, SE FIREM orders os they received from overatinns rooms, FRarely
was o direct order tn fire nn 2 particulsr terget issued from an opsra-
tions room and seldom was a target position Zurnished o fire unit in any
manner other than by general worning of its presence neer tne defended

arss,

20, Rules for mngagement of aireraft by cnticireraft artillery wors
issued initially by. the Supreme Commernder in the Luropean Theater, in
Operatinns Memorandum Number 7. fmong other things, the memorandun con-
tains the following:

a. Definitiens of the terms cognized", Identificd", "Friend-
1y tireraft”, "Hostile .dreralt!, "Hestile .icts™, "Restricted ,reczs', tlUn-
restricted srcas”, "an sttacx Is In Progress', and "an sttack Has Closed!,

b. General rules for engogemunt in wnrostricted areas ard in
restricted areas for bnth fire at seen targets and unscen targets.

¢, Classes nf restricted areas: "Inner jrtillery Zonecs",
"GQun Defended ireas, "geaches!, and "iirfields!.

Specilic rules for sngagament ~f both seen and unseen tor-
gets in @ach type of restricted cron.

20, applicetien of tne Initinl Rulcs fer dirgapement beeame inprac-
ticable because of thelr compledity. Both the Terce »nd the Antiair-
craft irtillsry, neither of which had been trained in fneir uge ovrior to
arrival in the Suropean Theater, were cenfusad.  Consequently, siﬁnrtly
aelter the invasion only twn tynes »f creas were extensively used--the

1. Exccptien teo this goneral situation sceurred in Lhe so-ealled "Diver
Belt" where emilotleds alreraft attacked from relatively fixed dirocc-—
tions end between certain altitudes.

2. P 37 Biblicgraphy Par 8.
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unrestricted area and-the inner artillery zonz.

22. heles Ior knga ?chf.u in Unrsstricsed f4reas, ALl areas nos
specif“"lly designatcd as restricted areas were unrestricted to flying.

ice
In unresiricted areas nntinircraft ertilicry ¢ould end would fire az all
tzrgeos actuslly recognized as hostile or which camitbed a hostile act.
In zddition, fire ot unseen bargets wos peraitbed 1€ consent was ob-

tained from an &ir ferce area contraller, or, in tho absence of conmuni-
cations with a coantroaller, when an attoeck was in progress arnd the locel
.:;nbi ireraft commander considersd fire necessary for the protection »f

the erca defended.

23, Inner srtillery Zoncs. With cortain modifientions the type of
zore restrictod o flving known es ihe inner artillery zone (TAZ) was the
most widely use2. Such & ha

cwee wsuclly an imeginary coylindor of radi-
us 12,000 yerds and ceiling of 10,000 fcot above sca lovel with center ab
the center of the defeaded arwa,  DLince the rostrictirns ~n flying and
the rules for engagement of targets oonlied only during the heurs of
derkness, the inner artillery zone exdsted only at night and, therefore,
the srce it covered was unrestricted by dey. hile the ipner artillery
zone wos in ¢ffect the Zollowing rulze appiliad,l

a. M"F¥riendly sireraft will be oropipited from flying through
an I.Z, and thnse entering an IaZ are likely to be cogoged.®

Lo UHHOLE FIREY will rnot be given during derkness, but fire
may be withheld by the aaticircraft Defense Commander Lf the crea con-
troller sn requests. Such reguests will be mide nnly Lo aveid endonger—
ing friendly esircraft, and will be conplied with whenever possibls with—
sut prejudice to engagements in progruss.?

¢, Hintileircraft nrtillery will fire on all scen targets nnt
identified or recognized es fricndly in «n 182 . . . unless 'HOLD FIRE!
has been ardered, 1f 'ECOLD FIXE' hes baen ardered, aireraft must be
recognized a5 hesgtile or commit o hostile act bcmre fire is apened,

. "By night} Fire will be opened by antisircraft artillery,
cxewnt light A%, on 2ll unscen oireraft not identified s friendly.
Light ©. will net engege unscen sircraft exeept for prearranged barrage
fire diréctud by the .i Operations Room,®

¢. M"Normally antieireraft ortillury not in ecommmication with
an &i Operations Room will not engage unseen sireraft. To provide for a
contingency, such os & broakdown in cmmunic“tions, when 2n attack is in
progress . . . any unseern alrcraft oot identifisd as friendly “aJ be en—
peged watil the sttack ceasss or comuunicatinns are restored.!

24, Adequacy »f Innor Artillery Zones. DLmnloyment, n? inper artil-
lery zones was o mixturs of successes and Failures-—part successes
owing t~ the freedem afforded the nntisirvcrsft artillery, «nd failures
nwing to the lack of positive means of identificstinn and the adverse
effect thet the wones had on bomber aperstiens,

a. Identifiestion. Jiny identificctinn, friend or foe, (IFF)
radar respense from an airerait wes accepted by the antiziveraft artil-
lary 25 friendly identificotinn while the absence of such a resnonse

Y. P37 hkibliography Par 8.
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meraly left the alrcraft unidentified,

b, Freedom of sction, It is notewnrthy that the inner artil
lery zone rules for engupement applied if the fire unit was in communi-~
cntion with an antiaircraft operations room, and communicztinn with an
area conbroller (Adr Force) was aot essentisl. as gvery antiaireraft
defense invariasbly established en antiaircraft aperatiens room nf sning
type, vhe inner artillery zone rules applicd oven though Lherc wis ne
communication with eir force contrellers, On the cne hand, this freedem
of actinn was af immsnse benefit te antizircraft unitis in sccomplishing
their mission during the perieds of rivid advence by our ermies in .ing-
ust ond September 19041 0n the other hend, on aceount of lack of posi-
tive identification, this freedom vias a source of grest anxiety to iso-
lated defensc commanders when = fow craft of = huge formation responded
to radar challenge out most of them did aot., It also resulted in fire
being pleced on some friendly aireraft.

ffect an Bamber Qperations.

<
ta

() Owing to the succussful entiaircraft defsnses nf the
ines of copmunications which reswlted fron the em-—
ployment of ioner artilicry zones, the armies estab-
lished these restricted arses <4 every river crossing
or bottleneck, By 7 Seotember 1944 en almost con-—
tinucus chein of inner :rtillery zones existed be—
tween Anbwerp and Neney (VU8612).1

(2) Royal idr Force somber Cemmend maintzined that the
situation was intolerable, since tn fly around the
restricted rreas would unduly lengbhen thelr routes;
owing te woather conditlons, planes could not always
fly nver the gone ceiling; Lo channcl all flights
through the few gans in the chein would give = gned
advantage to the Germzn night-fighters.,

(3) The problem of protzscting frierdly bembers was further
complicated by the fuet that the Hoyal Jir Force Ecom-
ber Commend ¢id net exnley radar identificatien,
frierd or fog, since it was feoored that German night-
fighters "homed" en the signal. aven had i1 bgen
emplryed, moss fligits would ceturate receivers so
thet Zndividual clanes could net be ideatified., A
reliable identification system weuld have solved the
ontire problem,

(4) The initial solution af the problem was to limdt vhe
number of inner artillery zones so that friendly bom-
bers would have ressonably wide unrestricted routes,
This compromise did not snlve the protlem, as nelther
+the armies nor the Romber Qorrmand felt they had suf-
ficient freedem of actlon,®

25, Modification of Wules for Inner .rtillery Zonss, On account
of the adveree effect on bomber cperciicns, it wes nvcessiry tn adeph
special megsures te protect huavy babers operating ¢t night. The sysiem
adopted was prescribed in .ir Defense Instruction Mumder Five.” The es-
sential changes tn previeus instructions wers zs fnllews:

1. P 37 Bibliography Par 9.
2. P 37 Bibliograohy Par 10.
3. P 37 Zibliography Par 11,




a, Inner artillery zone rules did not apply if the zoac was
out of cofmunication with a fighter control center (area controller).

k. Contrellers were to rely on mavement notifications (re-
ceived at least four hours before tre expected arvival of heavy bombers
over inner artillery 2ones) for identification,

¢, GControllers wers to rnotify restricted areas affocted oy
the movemsnt message of the time limdt the restriciinoun would bu effec-
tive, allewing nrrmelly not more than 30 minutes for the outgoing flight
and 45 minutes for the return flight. The "restriction® was not defined;
however, in practice it asmounted to a PHOLD FIAE" order t~ the units in
the inner artillery zonss beuwesn gpocified tiame limits, This system was
never satisfactory from the stendpnint of the anticircroft artillery de-
fense, Notifications ~f movemeats from Bngland were frequently not re-
ceived and, when received, they wers nften exnressed in such general terms
that the geographicel lindts and time limits of the Tlights could not be
zeeurstely determined.  MHCLD FIREY nerinds werc of unnecessarily long
duratinn, Even whon "HOLD FIRE" was not in effect, the fire unit com-
mender often had a strong susnlcieon that the planes nverhead wers
friendly.

26, Other Methods of Fire Directinn, Fith the avplicatien »f Adr
Defense Instructisn Buuwber ive, the chicel adventages of the inner artil-
lery zone were lost, Other systoms were devised belween the armies and
the tactical air commands whsrcby frcedom of cction for antiaircraft ar-
tillery was obtained for lirdited periods ever though tihe areas were not
restricted in the sense defined in Cperztions kemorandum Number Seven.
Whenever the ceatreller ot the fighter contrnl center was sure that for
a certain peried of time an area wouwld e free of friendly aireraft,
antiasircraft artillery units would be releascd te fire nn targets ant
identified ns friendly. The detaills ~f this nethod as applisd in Third
United Statss army are containsd in Operation "Blankcheck” . To.s sys- i
tem had an advantoge in that tho arses could be agrecd upnn belween the
Arny and the Tactical air Cosmand without clecrcnce through higner head-
quarters., Fer the system to function, however, clebdborate commvnications
were raquired, ond the centroller hed to heve cemolete information an
friendly 1% Snme contrellers were reluctant o asawrne the respon-
sibility of relensing fire for several ricaans, amoie which was lack of
confidence in movame:ie Liaison information and, thueinre, this -ystem
alsn wzg unsatisfac Y.

>

3 .

27. PFirg Direction by Group and Betiralion sntisirveraft Operations
Ronms, Fire directinn, iIn the sense of selectiecn of targets cac the con-
centrating or distributing of fire, was of limited scope 2bove tne fire
unit level, In general, it censisted simply of assizning primary sec—
tors to sach gua battery 2nd coerdinating rader searsa,” Group and bab-
talion antiaircrzft operaticns rcems, in some cases, would relay "HOLD
FIREM and "RELEASE FIRI" instructiens from the fighter control centsr tn
lower cctrelens.

28, Fire Direction nt the Pire Unit. The lack of enemy mass-for—
mation attacks simplificd the problem of fire direction in the Lurepsan
Theater, In gun battalions, firc units were assigned »rimary azd con-
tingent sectors, the contingcat sectors comnrising ¢l aress within range
of the guns net included in primary ssctors., If nn farget was present in
the primary sector, and "HCLD FIRE" wes not in effect, guns were free to

1. P 37 Biblingraphy Per 12.
2, P 57 Bibliography Far 13.
3+ P 37 Eibliography Par 1i.
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engage zny target anywhere withir the restricted area, On nccesions
where more than one Larget wes in the primary sector, the sleasest ap-
prnaching target was selected. [utometic wezsons fire direction at the
fire unit was even simpler. decause of ths exircuely sirri tire that
—argets were in the field of fire, little rpprrtunity for selsction of
targsts existed. If an alreraft wes irn runge end & oreser target witain
the rules for engegement, the fire unit cozmander engned fire on it. On
the few nccasions where muitiple targets viers in the air, the clesest
appreaching targst was engoged,

SECTION 3

COMPLRISON %271 VAR DEPARTHNT DOCTRINY

25, Fire Diroction br Estebliching Rules for fngacement wss de-
velopsd to a high degree in the Eurapezn Theater. It is ©n be noted,
however, that ne svandard rules fer engogsment erc given in ths ier De-
pertment publicatinns nn tac subject of fire 4ircotinn., Vhile no uni-
versel system zen be nrescribed, the subjecy should ke cavered in mare
detail, Units arriving in the Zuropeen Theater were usually unfaniliar
with restricted =recs and any kind of rules for angagement other than
rules on target priori-ies.

30, Fire Dirsction by 'ntizircraft Querotinns Tirems, =5 irdicate
in Sectbinn 2, was limited tr giving release cod held fire nrders, assign-
ing primary secters, and coordinating rader scorch.  Selsetion of tzo
gets and cnaceniratica of fire on Liost darwerrus targits were not attesp-
ted by the operations rooms for the Tollowing reasons:

a, There was lack of confidence in ths sir warning service,
The anticircrals crnmanders were mere cenfident in the ability ~f the
fire units to pick up targets tran they wers in the information avail-
sble at the opsrations room,

b. v the firs contral roder SCR-534 on 2 plottod crurse
wes difficuln, :)nn" to the nerrav bean, the sUL-084 aperzter hed con-

siceravle difficulty pickirg up specific tergets. Col ders nreferred
to rely upcr some reder in e defsnse picking up tsrgois in rnormal search
rather than tn asgsign a terget to a soscific Iire unit woich might not
be eble te get nn thz designated target.

¢, Mass raids did not occur. ithern 2 linitad amount of anti-
aircraft zrtillery mast defend en erea subjected tr sitursiion reids, end
an efficient long-vangs warning systea is present, iv is zgreed that cen-
tralized fire dirccuion is rore economicel than directina by the fire unit
commarder, s scturation reids did not nccur, the necessity frr such con-

trol did rnot waxdst,

31. Fire Direction by Jnit Qommanders, Considering the types
of targets cresonted and ths limivotions TS eguipment , fire direction by
the fire unit commanders, as described in Section 2, cnaformed to Var De-
pertment doctrine,
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SZCTION L

CONCLUSICNE AND RECOMIVEIDATICHS

32. Conclusions:

a. The current V,ar Department doctrine mn sntizireraft artil-
lery fire direstion is inadecuate.

2, Rules for engaging aircraft in the burouvesn Theaver were
teo volwidnous =nd complex.

c, Improvement in equisment, incorvorsting aceguate sezrch
featwes and insuring poelive identificesion af zircraft by fire units,
would hevs »eraittasd simplification of the rules for engagement and re-
moved many restrictiens to Ilying.

33, kecomaendatiens: It is reccmmended that:

a. A system of positive identitfication, friend »r fee, be
deveroped ané used by antizircref= artillery units,

b, A1 adequats search instrument be develoved oo 2neble fire
units te dstect targets ani to direct fire control instruments t- any
gpacified target, end

c. Rules for engagsacas of It be standardized far &11

therters and sublished in war Dedartiont ficld nanuals.

- 13 -



CHAPTER |

AUTOLTIO WRAPONS GUXNERY

SECTICY

LLATTATIONS OF FIRS CCHTRCL EQUIPMENT

34 Eubliisned Ver Department Doctrine con the priwnciples of auto-
matic veapons gunnery, as agplied in the Burcpean Theater, proved %o be
sourd, However, becsusc of the limitations of the automciic weapons
fire control equipment, the epplication ¢f the publisheld principles vas
insuflicient to produce entirely satisf ctory rosulss, Destruction of
aireraft resulted largely from volume cf fire delivered, =nd nct frow
the cfficiency of fire conirol equipnent,

95. wutomatic Usapons Iire Control Fouipyont ves unsatisfactory
for scvaral reasons, 1t was not suitable for firing during darincss.
Each of the many typcs of Jire control used requircd that the opcrater
estimate at least cnc oluaent of the firing deta. The accuraey of those
estinmations varicd with individuul operators, based upon the degroc of
their treirning on the equipment; and in the heat and cxclterent of com-
bat cngagencnt, estimations becare universally poor. Tac usual aigh
speed, hedge~hopping, hit-and-run tectics of tho Gorman Air Feree,
coupled with the very high specd apd change-of-paco tactics of the joi-
rropelled aircraft in the final stuges of the canpaign, cccentuated the
digercpancies in data estimatiern, and revenled further inadequacies in
both cur on-carriege and off-carriage firo control systens.

CN-CRRIASE SIGHTS

36 Thg ™2 Siehying System (Forvard arca) was wati
inadequate for'the folloving rsasons:

de Gurnsrs estinated speed of torgsts.

e Cunners wljueTed firo Ty traesr

se Tt owas des: zacd for speecs lover than 2 UsMALLY wa-
countered, TFor speaug above 300 niles por aour, greaers wad 0 Vi
ize or gatipave vhere appropriste spacd-lines JhOLU". have baen lied thmy
been placed cn the sight--obvicusly a very diffieuis shing to do,

de 4lthough this oight was ingirwaesto’ iv cegtroying a con-
siderable nunber of planes, it ig believed thesu hive vere obtained not
through the application of precise guanery, hut bectuso the gunner sod
& constant speed and led the target Tly through tho oone of firo, ich
uss an eoffactivs method ati times, bus excocdingly vasteful of anmunition,

37. [The Spocd-Ring 3ight vas unsatisfactory and ir:odequato.l sl -
though clained to »e more accurcte than the M3, it ¢lso required estine-
tcd dataa 118 sight wag usod primnarily cn the caliver 50 water cooled
machine guns, No caliber ,£0 heavy borrel nacaine guns and fow 40 millii-
meter guns wore equipped wi th it.

1. P 37 Bibliograrhy Por 12

1

-
I
ot
T}
et
flw]



38. Ing Navy Kark If, Specd-Ring Sight, was wnsasisfacsory! It
vas designed for lacoming courses--in vhich nes it is supcricr o other
gights--but it is toc flirsy ie construction zad difficult te oricnt.
It, 00, recuired estinated deta,

39 The S3iIfkev-Stick vwes unsatisfrctory beosuse 1% was ot de-
sigred for fast ncving tarpzets, reculred cstimated dzta, and, by she
nature of its construstion, unduly exposcd the guuner to stizcking ol
It was, hovevor, the best of the aisomatic veasons fire eenirsl—-w
(opinions vericd)®, sisple ia construction, requiring lifile meinien
ancc, and quitc aceurate égainst modcerate specd torzess. IS had ons
decided edvaniage over other on-carriage sights in thot hits verc rog-
sible withcut tracer corirol. This aight vas also instrumenial in ob-
taining Lits because the gunner reverted to the aferenscniioned fFlyw
through! princizle. Neariy all auzonatic veapens bastalicas of the
First and Third United Statcs Arnies vire equipped with this sight.

h0. The Compuiing Seat W7 (leis

sights, vas fundanerselly unsatisfoetory in that it roguired humar ssti
mation of a variable in its coperatien. It ves designed to usa only
orizcntal spoode, which were ostimested, IF the torges Zived or climbad,
the nectual speed wasz estinated and then uentzi.y convertsd to horizen-
tal spocd. Tacerotically, hiss cculd ba ebsained vwithin o gpocd toler-
ance of 25 miles per hour, Dut the ability of the averoge gunpor to
estimato speeds within thas lini$ of tergets encseding 200 miles pex
hour 1s guostionsble. Therc olso wore cbjecticrablz feoatures in con-
struction repor:edl. It was too flissy o withstand hoard servicc; t
telesecpes had teo linited a field of view, "blacked--out" sosily fr
vibration during firing, and fogged up in cold or dawp wveather; the
conputing box collected excessive neisture, swhoreby sousing tie ge
up;  Shere vas excessive begklasa in ths link-
age, =2nd cables strotcned; and, the sighs got out of level easily. Ohre
W7 sight was nover used to 2 great extent in the First Unlted Stcies
ArTy but had a wide distribution in other camcnds. Of the using bat-
talions, aprroximetely nalf reported it s satisfastoryl,

vilthin 7o rust or fresoz

42, Tae Computing Sight M4 and the M5 and MO Bigiting Systens
have been insufficicrnily roported wpon to faw o ceoclusicn as to thedr
merits, However, they require speed estimation Dy the operating per-
sonnel, arnd for that resscn alon: are unsabtisiactcry,

SEOTION 3

OFFLCARRLLOE FIRE CullliOn

42, The M5 enc kRal Directors were unsazisfactory for the fcllow-
ing reasons:

a. They reguired rarge estimatice by the operating personnel.

diffieuli %o handle aud trauspurt,

be Their weight mede ¢
1
2 Trhey required highly-trained erscnrel Vo cperate-~.

d, Tho cperating personnel could ncy plek up or track clese-
in, higa-speed, lcow-flying or fleeting targsts®

1. P 37 Bibliogrephy Par 12,
2. P 37 3Biblicgraphy Par 15.
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e. They required contiruous and czareful oricotation wita re-
apect to guns.

For the reasons stzted ebove, these directors, although issued %o a
corsiderable numbder of vattaiions, were -ittle used, They were either
withdravwn, as was done in she First Urited Stetes Army, or retained in
unit storage end replaced by some tyre of on-cen arriage sight,

43, Zhe M542 Director wes used by onldy & fav battaliers and then
on & very :imited scale. No reporis on its cperation are availabdlc and
therefore it will not be included in thig repors.

44, The 724 Radar Director [or autonavic weapons rade its appear-
ance crly in an sxperimental forxm. The 71zt Antiaircraft xatillery
Groug conducted experiments with it empleoying tilcotless aircralt as
tergess but the uge ol inexperienced and untrained operating personnel
prevented conclusions from being drevm as to its efficiencyl. Fast and
lovi-fiying aireraft with areat maneuverability have declsively demon~
strated the rced for scme type of fire control equipment elimirating the
human estinetion of sused, rauge, or direction of flight.

L5, Automatic weapons Barrage I'ire has been 8 very coniroversial
subject ameng entiaircraft ertillery oflicers in the ERropcan Yheater.
Rosponses o Antial rcrai‘c Artillery Questicnnaire, Headgusrters Zuropean
Theater of Operations, 1. June 1945, indicade tvo definitely oorosed
opinions. One group of ofr icers maintaing that btarrages vere lneffec-
tive and wastuful of aawwunition; she other grovd naintains that bar-
rages accounted for several enemy planes and shat thpy \"ere, i7 con-
trolled, instrumentszl in preventing the oncmy from making determined
vomb ruas®, It is believed tazt radar fire contol r_gu1pmeub will elim-
inate any necessity for barrage fire.

SEOTION §

SECCHDARY ROLE

45, Ground Fizing was corndusted by many zutomztic weapons bate
talions during tio JMuropean Campalign usging bota direet and indirect
methods of firs sontrol’. The 0 willimeter gun was not sguipped with
indirect fire control aequinment; therofore, g¢uch coulpment wien needed
kad to be improvised,

G~

SECTICH

CONCIUST GG AlND FICORANDATICNS

47, Conclusioas:

8. Yresent fire cortrel equiprent for automatic “reajonsg is
nasatisiaciory.

1. ® 57 Binliography Par 16.
2, F 37 DBibliocgraphy Par 12.
3« EF 37 Bitliography Par 17.
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b, DBerrage firs by entomatic veapors is jussified vhen con-
trolled, dui the nscessity for it will disappear wher suitable fire cen-
+vol methods are adoniet.

18, DReconmendations. It is reccmmended that:

a, FKadar fire corircl equiprant for autcratic weapons larger
than 20 millimeter De develcped with the feolloving characteristics:
mounted on the sace carriage with the veapon; operated by cne man; small
in size and light in welght; capeble of detecting aerial targets at
50,000 yards slant Tange and from zero to 835 degreas in clevajiorn; cud=
eblc of acourate automatvic trackirg, compudation of firing data and gun
laying fer firing at ungeen targets on any type course at spesis up to
1,000 riilcg per hour,

De 41 cn-carriage comuting sight, cperated by one man, cap-
able of treciiny seriel targets &t speefs up to 1,000 miles per hour,
and nct requiring erny ciement of firing data tc be estipsted, be devel-

cped for eutomatic meapons smaller then 37 millimeter guns.

¢ 401 autcmatic weapons be enuinped with suitavle sights for
terrestrial fire, direct and indircct.
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CHAPTER 5

GUN QUNNERY

SECTL

DEVIATIONS FAOM WaR DEFARTMENT DCCTRIUE

49. The Bagic Princicles of Doclrine on gunnery frem which devi-
ations were reporved by antiaircrait artiliery gun pattelions® aiploycd

in the Burcpzan Theater are the following:

a. Adorunition of & given lot nuncer

i< such that, undor standard ccorditiona, ruzzle
velocities sre prodw ed which vary betwesn narrow
limits, and

(2) is issucd in quantitiss which will assure a suffisient
numbor of rounds for @geging targets alter the lot
has beon t zested by trial lire.

b. leaswement ol tae tinme of flight of a projectilc by a
stop~watch 1s sulficiently acecurats for analysis of firc,
2

¢, A uniform deed time of maneuver® can be achicved ty drill,

50. Ctacgr Principles of gurrery techniqus less basic in character
viiich require modificaticn are the following:

g, Satisfactory analysis of [irz canbe achizved by the firing
of trial fire,

k. Time fire registration for grourd targets can be accom-
plished oy present ficld artillery methods.

¢, hen the fire cortrol instruments of a battzry fell, it is
advisable to firc by mresent posit ion data recelved fron another tattery.

&, Barrage fire under certain circwnstarces is desiveble.

51« Devietions from Decatrina.

d. bAomuniitlorn s issted in the Duropran Trester during the
grecter pert of world Wer 1I was such “hsv ussful analysis of firc vas
impossible, Yot orly did the runbor of powder lots 1n a given organiza=
tion becoms so freat that few 1ote contaired suffieicent rounds Tor cn-
gaging a target after trial fire rounds had been Fired”, but Irequently

1 aphy Par 18,

2. The lenmgth of time ib bLukes to fire ashell eftor its fuze hes been
sct.

3. Baitalicns have reported as many as 65 lots for 1,00 rounds. In an
effort to evon up bhe lovs, the 35%tn AAA Drigede supervised the ex-
cnange of all small lcts in the gun battalions of the Third U.S. heny
in Decemper 1344,

~ 18 -
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wide variations in muzzic veloclty occurrsd among rourcds of the same lo‘ﬁ

b, Under veriable £ ield conditions, timlng by 2 stop-watch
wit hin an error of less than a tznth of a second is unliksly, ernd errors
of this arder may produce grest varietions in slant range.  The usual
crocedure was to dotermine timc of flight te the bsst of one's ability,
aid then attribute any romaining deviaticn of bursts to errors in laying,
migzle velocity, snd ineccuracies in meteorological dzva.

c. In the dcfense of Antwerp against pilotless sircraft, a
salve metnod of [ire was adopted which, among sther tninge, produced a
very aceurate dead time my having ithe fuzs cut on one signzl end tae
round fired on tha next, four secomds later. The results were highly
gratifying for Thss particular operation,.

d. Many univs fired enly a single trial chot nroblex to do-
tereine bellistic corrcetions. Mach more satisfactary results were
obtained when units based their corrections on Lho averags v
firirg at two or moroe points,

lery methods for Sime firo registration
were designed crimarily for nowitgers. They arc not practical for flat-
trzjoctory weapens except under favorabls circumstarces, lela ertillery
doctrine wes the cnly war Departnent guilde by which antialreraft arvil-
lery gun units fired ground missions for a large portion of “he campaign.
The ¢ld argle of sita method was resuscitated for use with ths 90 milli-
meter gur.

e. {rescnt field ar

f. Muech valuable time has becn wasted on remote-dots control
systoms wnich could othurwise have been used for other surposss. o
record has been found in Yhe Zuropean Theater of the firing of cne bat-

tery using present sosition data recoived frem another batwery. When
fire control instrumats fallcd in a Dotbery it went oub of acuion,

g Thore appears bo ba nc record of caerrzge fire by 90 milli-
meter guns in the Buropezn Theator Hubt there is an sxwensive recerd cof
recormencald ons that it not be empleyad.

SECTION 2

PREV s TICH OF FTIE

52, Preperetion of fntiaircraft Fire, excopt for minor details,
followed procedures outlined in exisbing doctrine.

a. Crientztion was oiten corg by backsiphting on tre tracker
and checksd by slghting on a celestial body or distant terrestrial point;
or by remeving all pradictiens from the instruments, trucsing en airplanc
and viewing it through the pun tuwves. In many positions, whore the radar
site would not peredl backeichting by the vadar telsscocs, an observing
toleoscops or en aiming circlc was sct uz et o distanc ¢ and a1l guns end
irstruments cricnted with rospect Lo 1t. This Lattsr methed ras the
advantage of avoiding errirs due to parvallax vetween the rader tele-
scope and the electrical axis of the pareholoid, which parallzx tecomes

1. Batsery YDU, 119th &G4k Gun Dsttalion, returnec ome lot of 100 rourds
which predic ed ranga veriztions up to 285 yords., Other crgenizations
experienced ccuparsble variations.




rroncunced at short distances.

b. Mctoorolopical mosscges wene mostly of the moders Rawin-
radiosonde t ypo but did not contein ballistic tomoeraiurcs by zones,
Quite freguently gan battelions used ficid artillcry messagss for obtain-
ing densities and temporatures, end by frcoousnt comparienns bcotuweon the
two types of noseages could use tho latter for ballisuic winds during
intcrvals obtwecn Rawin mossagest,  Inasauzh as gur. vunits were nct pro-
vided with thoracmceters, thoy used d neteoralogical mzseaje four hours
old for powder temperature,

¢. As indieated in parsgrapas 51b and 514 sbhove, trial firc
was conductod according to doctrine, employing, for ths moas part,
unilsteral obsorvetion from a redsar. Thae trisl firs was valusbls so far
as chock~fire was conccerned because most targets Jired upoa mpesred in
a zorne which inclucded the trinl shot peint. The adoptlon of sn ¢laoctro-
nic chronograph and timing device cs standard antiaireref* srvillery
eguipmnt will insure that current suzzle volocity is uscd in preperation
of fire.

53. Preparaticn of Ground Fire followed doctrine ss laid down for
the Ficld Artillery, cxecept in the case of tims fire rogistration. Be-
cause of tho relatively small angle of fall of the 30 millimeSer shell,
cutting its fuzs back fran the time of flight tc an impact burst by incre-
ment s of four tenths of a fuze mobor not only prodweod an zir zurst but
also seriously shortoned the range®. To circumvens this cbstacle the fuze
was cut back two Lenths of & sccond at a2 time witil an air burst was ob-
teired, 2 mean weas determined ard ther tne bursts lifted in quadrent sle-
vation to producs thne desired helight of burst, and again cut back along
the linc of £f212 bto sproy the tampel cffocvively. Thne fuzo obtained alter
the final sut-back was ths adjustod imes Due to difflculty of stssrving
tae smell burst and to the difforcnce betwzon the progelling charvges for
the inpact and time shells, the process wes vedicus and proveking.

5iCTION 3

ADJUSTMENT OF FHA

5L justmont of antigireraft Fire was nct practiced. 4 study
was nade of wno feasibility of making adjustamts of firu apainss
pilotless aireraft by unilatersl redgr oosorvabion, but nothing beyond
an indication of its possibility was daeveloped”.

55. hdiustacnt of Groand Fire, when used, fcllowed doctrine as
preserided for the Ficld artillery. 3ecause of its all-szround traverse,
ané consequent wide digpersion of clock points over 2 very great Larget
arga, a 90 miilimctor unit could transfeor fire mors accurately witacut
adjustment whan ficld ertillery units, vhich had to shIft trells to cover
ke same arca.

,

1, Rewin and recdiocsonde aro discussod in TM 20-2,0,

2, For oxanple, at 13,000 yards respe tne arg of fall 1s chout 38 do-
grees and the termingl velocily 945 feet zer second, A cut-dack of
0.i sccors shorters ths rerge by about 110 yerds and all aoffsch on a
targew would ba lest cn the final adjustient.

3. P 28 Bibliograohy Par 19,




SECTION !
FIRE FOX EFFECT

56, Fire for Effect ab Aerial Tarpets gencrdlly followed ssteb-
1ished destrine until the proximity fuze® was introduced. Since aany
of the targets crgaged weras single nleanes on recoinaisgoncs, a spact
technique was introduced for sucn craft, PFire was opened with the
proximity fresz to obtain surprise snd followed oy the time fuze to in-
gure narassmenl when the targob mansuvered. Some urnibs planncd to firs
"Time on Tarzet"< concerntrabions oz sich & target to obtain maximum
destructive offect bul, due to fae paucity of targets, the plan was not
perfected. Practically all firc was controlled by radar dsta using
either Munseen" or "ssen-unseer!' cable systems”, It is believed by the
majority cf unit commanders that complotely unseen methods are practi-
cable but that retert ion of the seen-unscen method is desirsble.

57. Fire for BEffect a2t Cround Parsets gererally, followed cstablish-
ed doctrine. Imaovetions introdwed, se fer as antlaiveraft artillery
andss were concerned , incluvded mining time and impsct fuzes, using dolay

fuges to obtain effcotive air bursts in heavy wosds, and using continu-
ous rapid time-fire to pin op cnany to the gronnd wwile heavier artil-

nic

lery engeged him. A1l unites comznitted to the ground role used g
firing tables at some time or obther, and usually computed thsir own
deta,

SECTION 5

EMDATIONS

CONCLUSTONS MDD RECCH:

58. Conclusicns:

g, ammnitlon lsswed in the Baropcean Theabter was of
different _ots of varying charvacteristics thaet it podwod g
persion,

b, Using corroctions based on the results of only cnc trial
shot problem is unsatisfectory.

¢, Time fire rggistration, according to Field Mamel 6-40,
1 June 1945, is not spplicoblce to flst-trajectory, high-velesity weapens.

of dead tinme solcly by drill is opento

questicn.

1. 4 variable time fuge, popularly cslled the Pozit, which ceuses a
burst wen the shell arrives in the closs vicinity of the target
wit hout the use of a bime element.

2. Fire by two or mecre batterics delivercd in such a menner that sll
bursts occur simltancously.

3, "Sgen! firc is fire delivor
with renge supplied by an o
fire is fire delivered ¢
is Iir

by visial observatlion ol the targct
side ssurce such as 2 radar.  "Unscen
1y by rada> data. "Szen-unseon’ fire

biroos Ty means




¢, Firing one bat_tcry by presont pesition data reccived from
anothe T bettery was net praciiced,

. Barrago fire by 90 allliscter guns s not des

« Hecomcrdaticns: Tt i rocommandsd tipd:

Ui
~0

R Y ot ", : ol P 3 ab AR
a.. Amanitvion of standard characteristics™ tg Turristed,

b, Docirine indude ihe trial ghot problem o5 consisting of
firing on two cr more points,

¢, Ficld chrocogrsphs and timinc devicss be adonbed =s
organizotional entiesireraft groil -ry egaipment,

d. Tochnique 2o developed for tige registration of flst—
trajectory, high-velocity guns,

t. Plens fer firing one battery by present posivion date ro-
ceived from ancther battery ne ebendoned, and

£, Undor normal concitions barrage fire not be used by Eun
units,

- . . Socity i stdere be the
Lo 2C foot-soconds veriation in muazlc veleciy is considered to

maxiswn aceccptable telerence,
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KESIRIGTED



JHILL PROCEDURES

A

SLOTION )

LUTCATIC WEBAPCHNS ALD SELF.PROPELLID UNITS

50. Procedures Used in the Zurcvean Theater. Urill procedures
used by units is the Euwrcpean Theater varied fror the drills prasceribed
in fisld maruals fer the folleising reasonss

a., Tield manuals prescribe Zrills btased on complete crevs.
Cving to tuc nocessity <f mannirg guns 24 hours a dey aad the lack of
early varning in shc forvacd arcas, ccmplete creus vers rarely available
during engagements,

D, Meny ualts verce e/ uippsd vith the Stillkey-Stick cn-car-
riage sight. o9 thig oight is of Eritish crigin, en cflicial Uniled
States drill for ivs employment iz not svailablc,

¢, Tield Maauel L-1%0 cescribes proccdures for uee vith the
director and forvarde-arsca gight only. Direcicrs viere rarely vsed, sad
all units hnd some type of on-carriage sipght other than the forvard.
arce sigibs

a, In genoral, ~ Department field manuals vere used as
guidos by ail units. In aasvering a quoati ivel on érill procedurcs,
only five cf 107 vaztalicn compenders statod thet their uaits had used
texts other than the fleld manuals.

bse  Cu 19 July 1944, the aAntiaiveraft O2ficer, Durosean Theater
of Operations, published & molified drill for the 40 millimetor fire
unit, prescribing procedurss for units equippsd with the 3tiffkey-Stick
and M7 Conputing sigat.2 This publization wes not Giastributed to unite
easigned to the field farces cr to the IX air Defense Cormand. Tha
Dattelicon commanders'! replies tc guesticnnaires indicate that this pro-
cedure was not generally used,

Ce Firs: Usited Statey wrny alsc igsued a vodification of
Field kenual ¢~260 to adans the drill to the 3tiffiey-siick and tho
}el6h half-track. Only one battalion commgsder statsd that this publi-
cation wvas used by hiw unit.l

o The subjoet of movement and deployment procedurce, which
may be coisidered ag o drill, is covored in Chapter 2 of this study,

62, Qoments of Batteiicn Commanders on Drill Procefures. Tho
folloving commeuts arc baged on rapiies of 107 battalion cummenders to
2 guestionuaire~ on drill proccdurca:

a, Yoriy-five statved thet proserided drill procedures ore
aetiafactory, and recoanended ne changes. Xight made no camncnt,

1, F 37 Bitliography Por lz.
2, ¥ 58 EBibliography Per 2C.



b. Twenty-nine stated that prescribed drills were not com-
pletely satisfactory in that no provision is made for a drill for the
ninimun alert crew.

¢, Iine stated that drills were too detailed to Follow under
combat conditions.

de Tive stated current {rills have too many verbal commancs,
vhich cften are not heard under ccmbat conditions.

2. Four stated that present drills ars unsatsisfactory in that
they do not consider emplacing the gun in a revefment, vhich vas almost
invariably necessary in combat,

£ Fob more than two battelicn conmanders agresd on any other
commant,

3, Couclusions and Reconmendations.

a. QConclieions

(1) Preseribed drills vere used orly as guides in uhs
European Theater, but as guides they vers generally
satisfactory.

(2) & svendard dri.l for minimum manning erevs should
Le preparcd. :

b, Recomrendeticns: It is rceommended that

(1) Current drill procedures bo revised (o incorporats
procecures for all standard {ire contrel eguipment,

(2) A minimum mazning crev drill be prepered, and

(3) The Wer Department issus fi
pertinent dri.ls.

a4 menuals covering all

R _GUN URITS

. Prosedures Usgd in the Buropcan Theater,

8, QGun units were sble to follow wrescribed drill procedures
more closely then autuatic veapons units becauss no mujor uon-ctandard
item of cquipment was used and bocauge all esquipment contemplated in
the field menuals vwas employed, Hovever, drills were modified to per-
mit firing with mininwn manning crews, aad the enployuont of proximity-
fuzed ammunivion reguired scme alteration of the drill,

be One novable xpodificasion of the standerd drill wvas made
in the defense of Antwerp egainst tilotless aircraft vhere zalvo firc
was used. This system vag discussed in paregraph 5lc, abovs. Beolore
the worth of the system could be cofindsely evaluated for general use,
proximity-fuzed ammunibtion was empleyed, thus climinating the need for

salvo fire,



65, Drill References. TFour of L6 battelien comcanders sto ‘n
ansvering & questionnaire” that they used texts cther then \or Deperi-
rent publicaticns, Twe of these uniis cans overgseas before drills ere
published, ard improvised their ovn drills, The other tuo refcrrzd to
operatiors instruciions vhich prescribed a stendars method of engago-
ment,

46. Legk of Coordinated Drill Prccedures.

a. Field manuels prescribe a serviecs of the piesce for all tho
guns and for eech individual item of fire control ceuipment, There is
no prescribed drill for the batiery as a vhole vhere stepdordized cone
nards oy fthe officer couducting fire are enunciated, Vhile ihe emplace-
mert procedures far tho individual iterns of cguipnent is ceomplete, there
is no War Dopartwe nt publicatvicn presceribing o urccedure fer ccordinutiag
the empilecement of the individual itemns.

be 8 & rosult of the lack of comdinatod . urocsdurcs
there was a lack of uniformity smeng battalicns, .a officer rot famili-
er with the customary methods of & batsery cculd not conduct fire un4i
he had lszerncd tac local systen. Eplaconont of the battery and propar-
ation of firs would nave been more rapid and acovrate 12 o coorcinabed
procecure for firirg bad besn enplcysd.

67. Comients of Batsalicn Ccomanders on IZrill Procedures, The
following corments are hased on renlien of 46 battalion cornanders %o

a gquesticnnaire* cn Crill proccdurcsi

a, Twensv-two stated that preseribed drill procedures are
satisfactory and recommenied nc chaiges,

b, Iine stated that prescribed drill procecdurcs cre rob en-
tirely sabigfactory bocausce no »rovision is mace fTor adrxill for the
minimuwn elers crew,

c. Seven atated thet tloro vvas a need for o coerdincied Hro-
ceduro for the nattery as a vhole,

66. GConclusions and Recoumeadatiocng,

(1) TFrescrived Grills were usct oaly es guidcs in the
Burcopsan Theater, but as guides they vere generally
satlarectory.

(2) Insufficient experience prevents drminz conclusicns
concurning the wuerth of salve fire. Thac uso ¢f proxe-
imity~fazed appaunition oliairatces the need for this
tipe of fire.

(3) Thare is o definito need for coordinztsd battery drills
for emplacenent and for conduct of fire.

(L) Trere Lo 2 neol for anininwm manning arew drill.

b. Recgmendationg: It is recamended that:

1. F 97 Bitliogrophy Par 12,



5)

Gurrent drill prosedures e revised to incorporats
use of proximity~fuzed ammunition,

4 minimum nanning orew drill be prepared,

A coordinated battery drill for emplacement be pre-
pared,

A ccordinated battery Zrill for a conduct of firs
Le prepared, aad

Tre War Deportment issue field mapuals covering all
pertizent drills,



CHAPTIR 7

MATNTENANCE

viaintenance methods emnloyed in the Buropean Theater
were adequatc and practical in the field. They were founded on war De—~
partment doctrine which is sound, comprehensive, and sufficient. TUo
considerable difference existed between units in technigue of mainten-
ance, even though lmorovisaticr nad to be resorted to frequently on
account  of Lhe general shortage of sware nerts. The supply of spare
narts and the state of trainirg of meintenancz personnel were the two
inain factors wiich influenced the results »f meintenance work.

69, Gene:

7C. Hotor Vehicle Maintenancs was the greatesl of all meintenance
problens. A study of ansuers to guestionnaires subritted by battalion
commanders of aptialrcraft arvillery units emrtloyed ia tha Lurcpearn
Theater reveals thet battalion mairtenance versonnel were adequate, and
that shortage of spare narts kept vehicles deadlined longer than would
‘have been necessary had sufficient rar%s besn avaj.lable.l The shrrtage
of spare parts necessitated increased attention to motor maintencnce.
Therefore, mainterance by drivers vas vigorcusly stressed and supervised
to insure its being carried out, and 1,000 and 6,000 mile irsvections
were nmade despite severc tactical conditions. lany units gravitated to-
ward task systems in attempis to provide adequave mainbtsnzace for all
vehiclas at the proner time axd to insure clnss sunervision and inspsc-
tion. One such system, develoned by a brigade motor transpeortation of-
ficer, based on the British idez of tasks, and reviewed by an ordnance
maintenanco company, proved suceessiul and outstandiig., The procedure
provided that certain tasis would be done every day and that a li—day
cycle would insure the adequate and prover maintenance of each vehicle.
This method was empnloyed by the brigade and by its attached unite; the
method provided a reans for coabinued and adequate maintenance. How-
ever, the majerity of units denended upon the Arerican maintenance con~
cept of first echelon (or driver) maintenarce, backed by published doc—
trine or second, and nigher, echelon mainterarce. War Department liter-
ature oa the subject is adequate and sound. Unsatlisflactory motor-ve~
hicle maintenance was invariably caused by shortages of soare parTs and
not by inadequacy of maintenance methode.

7l. artillery waintenance iethods. Antiaircraft arlillery unitvs
almost universally uced the same artillery maintenance nezhods, (un
batterics and individual automatic weapors were put ~ut of actinon for
daily mainterance 1n accordance with a fixsd and supervised schecdu
Assigoed malricnance tasss were performed by individuals or groups,
using vrescribed chisck-sheels to insure theroughness. GClose suvervision
was exercised and frequent inspectlons viere conducted, Lar Departmont
publicatione cover service of the picce nf the various antiaircraft sr-
tillery weapons and carriages, and the chack lists end meintenance nro-
cedures prescribed in these publications are adequate and sound, In
general, they wers followed by units In the fisld, Whiere variation oc—
curred, it consisted usually of the employment of a irodified check-shest
to include additional items of maintenance found or telieved to be neces~
sary on account of vigoreus field cenditiens. o recd for changes in
current, War Devartmant putlications is indicated.

72, Malozenzncs ol Fire Control Systems. llaintenance of fire
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contrel systems, especielly for heevy antiaircraft artillery units
followed the same pattern as for artillery. Fire control SVSLQVw'S-‘:/:V‘e
maintalned while the batseries werc out of action for daily raintenance
or immediately when defects appeared, Signal radar mainte:\ar.}cc u'\its. ’
provided in an average ratio of one per two gun battalions, werc 'instr"u—
mental in the attainment of. high radar mainteaance standarzis desnite peri-
odic shortages cf spare parts, <uslified renlacements for technizal re-
nairmen wsre lacking, but otherwisc, battalion maintespance nersonnel
assisted by signal radar maintenance units, wers sdequate. %ar ;EDax’*t—
ment publicaticns are acdequate on service of fire control systems .and
were generally followed by units ir the fisld., Improvisztion was re—
sorted o upon occasion in erder to increase effi:icncy. Improvisations
wers ceused c¢ither by o shortags of snare parts or by the absanse of a
standard nicce of equipment desired, and weve not dus t» any inadequacy
in publiched doctring on maintensnce of fire control syslexms.

73. HMaintenance e¢f Comrunicstion ¥guivment. Ho particulsr method
of mainterance of comminication equipment vas used by antia
tillery wnits in the ficld, In ge

irerafl ar-
weral, radio equicment vas maintained
by replecement of parts and thro repair work perfornisd by renzirmen
as dofects occurr senurators were serviced by communications per—
sonnel vnder supervision of tuchnical moter personnel. 4side from the
motor generators and auxiliszries, which must be periodically inspectod
and serviced, communications cquizment does net leond itself to a rigid
chack system, Service of wire and redio equipnent is adequately dis-
cussed in War Jepartment publications. Wo new tezhnigue in the mainten-
ance of this equipmert was develoncd in the Buropean Theater that wuar-
rants 2 change in published doctrine.

7L, Meiaternance of Irdividual Pquinment and Smell Arms, Individual
equipment and small arms were carcd for by individuals. ireguent in~
snections insured trat proger maintenance was being performed. keplace-
ment was effacted by cxchange through organization supaly. -aintenance
of individual equipnent and small arme was generally satisfactory, and
no new technique was developed which would indicate changes in Wer De-
partment publications,

Ant

75, Cenclusions and lrecomnendntions.

o

. Gonelusions;

[T imposed by shortages of spars
perte, maintenance in the suropean Theatar vas ade-
quate.

(2] Lith relstively minor excentions, maintenance was
performed in accordance with existing i.ar Departrent
coctrine,

b. Recommendaticn. Mo change in existing War Uepariment doc-
trine on maintenancs 13 reccmmended.



CHAPTLL 8

wuTECROL0GY

SuCTIoN 1

PluCeiint Fon unTalnlng DaTsa

76, Development of Jechnigue.

a, In the fall of 1943 antiaircraft artillery and weather
service personnel in the European Theater conducted a series of tests
to devise suitable methods for determining meteorclogicel data for the
use of air ferce and antiaircraft ertillery urits.
erimental work nad been coaducted

b, ‘hile considerszhbl
in the Unitead States prior teo th s conducted in the Buropean I‘haa—
ter, no standard docitrins nad baen published, and antiaircraft unit
arriving in the European Thea“er had been trained i cbsolete methods.
No system fer determiping winds aloft unier conditdons of poor visibil-
ity had been taught to wiits in training, and the determ:mution of den-
sities by radiosondel had not been stendardized. The development of a
suitable technique in the Luropean Theater cvercame these deficiencies,
This procedwre inzludsd the use of certein iir Force equipment.

@

oF U
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¢, The experiments resulted in the standardization of a tech-
nique for determining meteorological data, which, so far as it pertained
to antlaircraft artillery units, was nubllshed in a training memorszndun
by ths Antiaircrafs Section of the iurcpean Theater during April 1944,
The memorandum was used as & guide by all units throughout the war.

77. Determinetion of Liirds.

a. Detormination of ballistic winds fer the use of artillery
and true winds for use of air forces vas the responsibility of sntiair-
craft artillery gun units. The techniqgue develonad was called the ltawin
method, Observations in accordance with the technique adopted were, in
general, nade four times caily. Ths ususl practice was for the antiair-
eraft artillery origads to del cpate the respensibility Tor naking these
observations Lo two gun battalicne fer z periad of about one momth, The
battalions would arrange cither to alternate balloon ascents or to pool
thelr meteorslogical personnsl. :

b, because of the variation of winds aver space and time,
gvery effort was made to inuvure that neteorclogical messages contained
recent wind data and that data were taken within 25 miles of the unit
for which they were intended. On account of difficultics in dissemina-
tion of information and an inadequate supply of metecorological materials,
thesge efforts were rot always successfnl,

7%, Dotsrmipnation ¢f Densilies,

a. Determinaticn of ballistic censities for use by artillery

1. Rawin and radiosonde are discussed in ™ 20-2.0,
2. P 38 Bibliogrzphy Par 21.



units was the respopsibility of the detachments of the 2ist Weathe
gquadron attached o ground force units, Tirst Unu 2d States A
two detachments equipped witk radissorde; all other armics
pefense Comrand each Lad one such Setechment.,

b, Ths norinall procedﬁr: Has to qane four 7‘:«.70 oude o

tuo aally cxurmg wrtu.m pu"lo‘p. The supply shorts
number of radiosondes available, ccupled with “he
difficultics, rosulted in wnsatisfactory densiiy <n - on fop
aircralt artillery urite, The 55 intiasireract 1l Brig
parted thav L0 porz Cut of their meteornlogical messagss did rot,
weatiter scrvice data.+t

o

DISSEMINATION OF MITFOROLCAICAL INFORLATION

79, bvadc,ms Used i uca‘ur Defenses,
well~establi Commuin ©is in rear ereas, no
dii‘i’ichth she lon of ueteoralogical J_DfDl‘.'L:—.thu
in rear area d<fenses. In Antwern, for c):amplc, the antizireraft artil-
lery unit obtaining wind data and ths weatd Leﬁohch
ite reepective part cf the meteorologi al mnessa.e to t‘.
operetions room, The parts werc there combined and tran
operations room telenhione netwerk as a complete mossags,
fense Comnand procedurc differed in that the wnfomm.
by the weather detochment and Lhe comnlete mo
antialreraft operations room for dissemination.
vias cncountered in ¢lthor systen.

obile bitustions.

great fluldity, cemuunicatinons vere se

During periods of
t dala ald not reach the using antizir-

difficult that weabher detacl
ralt unit,<

b. The systcn used by Third United Otates Army units is te-
lisved to be typical of the methods used by all the amiies, Initiall
units deterpining Rawin date reported their inforration te the weat
detachmert on a neteorologr radio net, and all gun bittalions received
the completed message from Lhe weather station on the sans net about 20
minutes e 2 Uince this system reguirsd teming the battalion razio
set SCR—l?? off its normel wission for a censiderable period four times
deily, the syster was not satisfactory, Ir erdor to retwrn the LOR-177
to its neormal ceruwand net this system was latsr change d transmissions
Were mode over the groun-battalion nct of the battalion which was com-
puting the Rawin data. The group received the datn end relayed to a nev
control station (\—_cuually & designated arny antiaireraft artl illery gro un)
wWhich relaycd the data to the 2lst heather Squadron detachnent , Tu
bquadron corpletsd Lhe mescage t sent it 1o the grous net control sta-
tion, from whizh 1% was relaved vo other antiaireralt artillery groups,
which, in turn, relayec it to gun battzlions. 3 The systen otviously

~ f«;
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involved toc much relaying of msessages, The final end most workable
solution was reached only after non-standard radio equipmeat vzs ob-
tained whick insured reliable communicatior between gun battazlions and
the army antlaircraft operatiens room. The baltalion determining bal-
listic winds ard the weather detachment both renorted their ovarts of the
message to the operations room, wherc the datsn were combined and the com-
plete message broadeast to the using batzelions,

SECTION 3

ORCANIZATION OF WETECTOLOGICAL SECTICKS

8l. DPresent Organization., Current tables of organization pro-
vide four men in the headquarters battery of ths gun batielion for =
meteorcloglical sectlion.

2

82. Inadequacy of Personncl.,

a., Normally ten men are required in making a Aawin determi-
nation, to perform dutiles as Ifollows:

(1) Three radar operators, including renge and altitude
reader,

(2) Four at the tracking head to track the terget until
lost visually and to resd azirmzh and slevation,

—
j9S)
o~

Three to act as time-recorder, computer, and plotter,
respectively,

b, In additior Lo the highly teennical task cof talking read-
ings or balloon flights and caleulsiing cata from ascents, other tasks

of a laborious and time-consuming nature had to be periormed by the sec—
tion, such as preparaticn of hydregen, balloons, and reflectors.

¢. The pcrsonncl problem was portislly solvoed by borrowing
men from othar scctions, nocling mebeorclozicel scctions of two bat-
talions and dividing the Rawin ascents cmong several batlalions, Bat-
Lalions operating alone acutsly felt Lhe personnel shortage,

83, Cornsiderarion of Lsteblishing a Jisteorological Section with
the Antialrcrafs Artillery Grouv.

a. Ir a normal situation there will bs several gun battalicns
within en area whers a single Rawin determination can serve all the bot-
talions. In such situaticns battalions could be served by a siagle me-
teorological section &t group or compzrable lsvel,

b, with the advent of radar-controlled fire jov avtematic
weapons it is considered Zikely that 4l entiaireraf? artiliery will re-
quire meteorological data, It is, therefore, comsidered unecorcmical in
personnel &nd materisl to maintain an adeguate meteornlogical section in
gach battzlien.

¢, The chief disadvaentages of plucling the sectlon with the
group or comparable unit is the reculrement for an additionzl radar,

1. P 37 Bibliography Par 12.



However, by employing a simple transponder in the ascending balloon, a
compact low-powered ground station would be adequate.

COMPARTSCN WITH % alt DEFALRT. SINT JOCTRINE

84. Generzl., 45 indicated in Section 1, procedurss for ths Rawln-
radiosorde determinalion of mencorcilogical dats wers established in the
European Theater in April 1944, 1he then current manual on melcorclogy
for ertillery, Technical idanual L-240, was obsolete. Present War Do-
partment doctrine on meteorology is contsined in Tecunical Manual 20-240,
which was publisked in November 1944, As tho techniques develoned in
the Furopean Thsater had proved ssatisfactory, little change occurred
upon the rcceivt of the new manual, In certain details the bar Depart-
ment procedures differed from those used in the Buropean Theater, These
differences wre discussed ia the following paregraphs.

. 85, vind Determination. The normal procedurc empleyed included
the following deviations fraom mecthods preseribed in Technical Mamual
20-240:

a, A time-interval nctnod of taking readings was used rather
than the altitude~interval prescribed in Cechnical jznual 20~240. The
time~interval metheod is considered advantugeous whers wind determination
for both artillery and westher service usc is reguired.

L. azimuths and <levetlons werc gonerally vead at the track—
ing nead rather than at the radar, as prescribed in Technical Manual 20—
240, This wrocedure provided more accwrote data,

86, Density Determination, Redicsonde deasitises were not sor-
rected fer the effcet of cloyd end rain, as suggested in paragrach 32
of Technieal UYanual 20-240, Replies of aptiaireraft artillery cemmanders
to a questionnaire” did not indicite that a preponderance of shorts no-
curred during cloucy or rainy cenditions; however, it is net believed
thet sufficient evidence wes obtained to draw conclusions from these re—
plies.

87. Form of essape. The ten-digit form, including ballistic tem-—
peratures, as prescrided in Technical Manual 20-240, wzs not employued.
The old seven-digit form was usually modified to include densitics %o
the nesrest one-terth of one percent,

05

CONCLUSICHS AND RECOWMENDATIONS

83, Conclusions:

a. Procedures develooed in ths Furopean Theater were satis-
factory and had certain advanteges over the metheds prescribed in, Tech-
niceal Monual 20-240.

1. P 37 diblicgraphy Par 12.



b. 4ntisireraft artillery units did not receive adeguate
irfeormation {rom wecther servicu detachments,

¢, Insufficient personnel zre provided for the battalion
metzorclogiesl section.

89, [Rscommendstions: It 1is recomucndad that:
a, Techniceal Hanual 20-240 be revised,

b, The present mcteorological section be deleted from gun
battalion orgonizatiens,

¢. Anpropriate eculzment be dosigned and issued for the pur-
nose of prepsring complete metesorclogical messagzs by one and the sane
section, and

d. An adequate meteorological section capzble of preparing
conplete meteorological messages be included in the sntiaircraft artil-
lery group or cemparable organizetion,



CHAPTER 9

FINAL COUCLUSIONS AlD) RICGAENDLTIONS
e e e e D,

90, Gonclusionsi

a. The moverent and deployment procedures published by Healo
quarters, Buropean Theater of Cperations, were prover by extensive tests
to be excsllent puides tc ths remunaissance, selection ami cocupaticn
of positions by emtiaircraft artillery units,

b, Yar Department doctrine on camunica®icns for antiairerars
artillery units needs thorcugh revision tc permit coniinucus operaticn
and the application of mcdern technigue,

¢e The current Ver Department declrine on antiaircraft avtii-
lery fire direction is inadequate,

&, Hules far engaging aircraft iz vhe Ruropean Theater were
oo volwiirous and too complex,

e, Improvement in equipment, incorporating adejuate seavrch
features and insuwring positive identification of aireraft by five units,
would have permitied simplificatior of rules for engagement and rameved
meny restrictions on flying,

fo Present fire conirol equipment for autcmatic weamons is
unsetisfactary,

g Sarraze fire by automatic weepons is justified whon con-
trolled, but the necessity fear barrage fire vill disappear vhen suitavle
fire control methode are adopied,

he Admmunition issued in the Burcpean Theater was cf so nmany
different lots of varying characteristics that it preCuced great dis-
persion,

1, A need exists for Var Dogarimert publication of dxill pre-
cedures for minimum manning of “stand-by" crews,

je Current doctrine on maivtsnance is adeguate,

k. Published procedurss for obtaining meteorological data
need to be revigsed,

1, Triel firs, as accomplished according to Jar Uepariuent
doetrine, was wseful for check-fire.

ation ascerding o Field kamual 6-4C is

m, Time fire regist
gatory, high-velocity weapons.

not applicable to flat-tra;

ny Tiripg one battery Ly preseny position date received from
Blo‘chex:‘ battery wag not practiced and i3 noi nscessary.

o+ Barrage fire by 90 millimeber guns is not desirable.

pe Insufficisnt oxjerience prevents draving conelusiorz ocn-
cerning the vorth of salvo fire, The use of proximity-fuzed arrcunition

eleminates ths need Sor this type of fire.

-



9le Recoimerdations:s It is recommerded thai:

a. Ceommunicaticns be completely revised and technigue there-
for be pubiished in field manuals;

be & system of positive idsntification, {riend or foe, Le de-
veloped and used by antiaircralt arfiliery units;

ce An adequate search instrusent be developasd to snable Tire
units to detect sarpgets and to direct fire control instruments to any
specified target;

d, Rules for engagement of aireraft bve standardized for all
theaters ard published in Viar Dzpartment field manuels;

g« Redar fire control squipment for eutomatic weapons larger
than 20 millimeter Ve Govelopel with the follovwing characierisiics:
mounted on the same carriage with the weapon; cverated by one man; small
in size and light in weigh®; capable of detecting merial targets at
30,000 yerds sient range and from zero to B5 degrees in clevationy
eapable of securate autamatic traclkirng; computation of firiag data
and gurn laying fo firiag a% unseen targess on any type course al specds
up to 1,000 miles per hour;

fs+ An onecarriage coxmu'in{ sight, operated by one man, cap-
able or {racking aerial targeds abt speeds up to 1,000 miles per hour,
and not requiring amy element of firing data to ve esbinated, be de-
ve loped for auvtomatic weapouns smeller than 37 millimebter guna;

ge All automatic Weapens bz equipped
for terrestrial fire, direct and indirect;

L suitable sights

he Amunition of standerd characteristics be furrished

1. Doctrine include trial fire as consisting of firing on
tvo or more points;

jo TField chromographs anl timing devices e adopted as or-
goarigational antiaircrart artillery equipment;

ke Tochnd “o bo ceveloped for time registration of [flai-
trajectory, high-vel H

le Plara for firding one battery by praesent pesition dadas re-
ceived from an r battery be atandored;

me Barrage fire not be used by gun units;

n. Current drill procedwres be revised to incorporate pro-
cedures for all standard fire control equipment;

Cv A minimun mannirg crev drill be prepared;

('/

pe Coordinased betfery Grills for emplacement and for con~
duct of fire te prepered and incluled in field manuals on drills)

) 9. The tesknigue of obtaining meteorological data {Technical
enual 20-240) be revised;

re Appropriate equipment be designed and issued for the pure
pose of preparing caiplete metecrological messages by one end the samo
section;



8. The present meteorologl
) 5 meteorclogical sectio P
pattalion organizations, and wou ve deleted fron zun

% - ;
et o An adeguate metecrclegical section capadle of ;
complete metoorological messeges be included in tie @ .°{ Preparing
lery group or campazable organization. 1 tie entiaireraft artile

RBESTRIGCLED
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coad. re eanolderes ia Lhe prenini gien a
and vereent. tc vote Jor and wringt rient
the oveusnt fiad Senloynent -‘r’.\cedurcs 17
Lurensals neoter,

Number of statements considered

Kunber not familiar with the nwrocedures and
having no comment

Number for adoption as standard and
incorvoration in l.. D, publications

fumber against adeopilon s stendand

Number for adention uitihy modificstions
and incorporaticn ag & guide only

bgrcentags (of tnese units fasilicor vith
the procedures) for adoplion as stondard
and incornoration in wi. [, nublications

Percentcge (of thoss units fomiliar with
the nrocedures) for adoption with mod-
ifications as standard, or adeotien ns 3
gmde only

Percentage {(of those urits Tomilisr with
the nroccdurcs) assinst :doption ss stenderd
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APPENDIX II

ANTIATRCRAFT ARTILLERY COunlfiICaTICHEs

Brizade

Group

Bettalion, Gun

Batsery, Gun
Zattalion, <uiomatic
Lenpons, mxcept
seil«prozelled
bastery, automatic
Weapcns, Ixcedi
self-propelled
Battalicn, automatic
Yempons, sell-
propelled

Battery, automatic

“empons, self-
propelled
Operations Dotach-

ment;

“ote: In self-propeiled units, all radios except SU

) FEaI G

Bl TR

P

»n

=

BuuICS

Command Nets

B0R-177

5CR-177

SCR-54.

3RS

Yatiery,
pleteon)

A0H-506%

3CR-G08
5CI-51C
CR-528

3CR-703

{up)
(dovm )
{up)
(dovi,

(up)

(up?
(up?

(aovn)

(L in

gach

{up’
(2evm)
(Gownj
(orn)

(Platoon)
(Battery)

(us)

{run sections)

-393 are frequency modulated.

Lets zre algo for

SPPLIDIA T

VErNLLg.

Furihermore, in suc:

Insellin

2 BCR~543 (ona

{receiver,
( s IR
contral )

R, \
o 82.-5)5 (crscrver)

11 8C7-597 (receiver;

(1 in battery, i
alatoon, 1 gaclh seciion

8 5C3-543% (observar.

units the comeand



Each brigade was provided 20 miles of field vire -110-¢,

croug, -0 miles; each battalion, except self-propelled, o

ool of

25 miles; each operations detachment, 50 miles of w-110-3 api ¢

miles of ~-130. These units weie provided telephones, sigap

reels ete. Sell-propelled units vere provided ro vire comuiticatinono,

EorSGiliian

4 full time commanications officur was provided Icr guen ord

and each g:oup; all other units had to assi n the communications avsy

as an acGitvional ausy o some ofricere-usually cither ihe intellis

officer or sig ozerations officcr. A1l units, including batio.ico,
vere provided an anlﬂwb coimuaications chisf vith one of mers wsic:
ants in some units and all except gun batterics amd henduuliic s of
autamatic teapons bazsalions (mebile and semi-mebile) vers proviied
one radio repairman each., Each headquartors avewe battery vas fro-
vided one messege center chlsf and sroup headjuarters, only, ius pro-

vided three messengers, Telophionc eperabors wirs yrovided (o gu

el
-3
o

batteries and flma gun sectione. Cthor operators anc Linc..i -

provided as follove for hezdeuarters and batierics:

hadio

Brigede G
Group 7 2 3
Battalion, Gun 5 2 2
Battery, Gun 1 Z 2
Battalion, un (uxeept solf-propollid) 4 4 2
Battery, a4 (except self-propollcd) 2 L ¢
Battalion, scif-prepelled b 4 v
Battery, i, self-propelied ' 5 o b
Operations Dstachrent 3 5 o
SPEMIDTL 11

RES CTED




L2000 ITT

AEeD URTERS
38th antieircratt artillery _ri;ade
PO 405, United atat__ ATy

il Ul

3)

In some insonces, it is dosircbls
eraft uniis in o0 cron \.‘.Lur frecdo, of sction then oo
mzl rales for aarestrictod rer, whils st tn: s.me 31 e
tic.ble Lo cunstitue the orea I, Tnis hes been
‘nosgrecacnt ra ooby. en tl 3 4-.nti jrcr'- 4
-nd tac Commund
Jorinciple ds, t
ive thot o fricndly ploncs
cpactring within the orerony
tive rocognition or host
talapken ek,

Jrficer, Thirg

j r"tpri
1-0\'t M,L ricessl

2« wethod oi Op.r tien.

tA

sy,  Prior cgrecacnt must be rosched with aijhor he
e lwodgunriers vofore the 'Blankehlck
Liven troo.

b, Onco ar oproved, bhe d cision

o in cporziion i cific inscances will

bility of the Zontrell.r ~t the ALY Teelic 1 o.dr Co o
irol Derter .

wn
oy

c. Upon being nuthorized by tic Contreller,
Oificer will hro:doest e lastructions aver b

<

31 inkehoek' insty 1(‘tan vill be @ viil
n ted usi the deld Fire" nuber as givin dinchngs 4 1o
stions nesorondar ;2h, this hosdgurters, dited 15 Svmicrr 1940,
In tho cvent tho srua is now coong: it will by dusinroed

using th 19 rodio . sira of b anlt dnvolved seci
ele 20 (tris cihod hos beun s v to naow}.
specirieg,  Planis to bl oon_i sash Loowinian
o the conter of the:area, in altitude 'l"l,hlt o ¢
e spenifizd, If nes any

d.  mxmeplost
(1) "Blonkeheck wl-2200 - 1, UG"
".’i'.is moans ot unibs in orer O wre role g

without 7SOl
0 hours

WPULNDTA TIZD
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(2) "3lankchesio w46 - 23000

This means that units moy eng
recogliibion at ¢ clbitude wacn within 2 12000 yord
radius of the coenier of Loz srea cceupizd by b
Hendguarters, 5L6th nettalion from tins of
until 2300 hours

pe plones without

3. fules for Erpusgenont.

¢. During periods of Sleonkehcecle rules for cng-,ement ire bhe
same a5 those for wn TuZ% »s sct rorth in Ji xlh, Thivd US irwy.

b. &t 511 otner tisas, rules arc those for an narcestricicc
srer s seb fath in QX 1L, Third U, 8. ray.

4, Emergercy Frovog

5. I twe way ooimund
check! period, t
though the time Lisd

a1k
oaea2 cven
ired.

shhouls fail
anrestrictoed
fick! iay nown

b, If ~ fricndly flight stould vnexpsuvedly spporr during
2 "Blanicheck® perled, rincushion and ne inchl,ck Will bz used bto b
fire in the usuel wonner. cy continues in @
Blunkcheek status u:.til tho ¢

3y Gounend of Erde

b BeonIlood, di,
dor, C.G,
JGgutont,

OFFICI.L:

Js/ oo He nIE.m, dlov,
feoL
ke jor,
diutont,
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b DIn IV
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BY

i
Lr
CCLCNEL F.owo LERIS, Clu &5

7. Lader feor the 40mm. Experimeats vers conducted to solve Llbe
prebler of fire centrcl for autometic weapens more efficiently by thre
intreduction of & reder unit, the T-35, The unit is composed of trree
major pieces of ecuipment; thc trecking herd, pover rcguletor, and ccm-
putor. Thie eculyment wee desigred tc be orereted either frem seperate
dug in emplacements or f{rom cne ven, The firet three vecks of tre ex-
periment two ACmm rune vere used, zlihovgl lster enly cne gun wag em-—
pleyed., Tre only modification necessery for the pun wes The instelletion
¢f tre K-2 03l r, ctuelly, tre Pire control equipment mry be used to
contrel one, tvro, three, cr fcwr guns.

a, In order te fully uncderstand the exreriment, some cmphesis
must be placed on detaile of tre ecuipment,

(1) The tracking head conteire # rader “ransnitier snd ree
coiver, arnd srimoth egnd elovation bslescopss {or cu-
ticsl trecking., It resembples the F-5 dirscior in
appcerence and weipbs G0C pounds.

(2} The power repuletor centains circuits for converting
12C velts inree phase parer to 3(C volt reseuleted LG,
480 volt, vrregulated IC and €4 wvelt reguleted [0, all
of whkich ore necessary for the operaticn of the com-
putor, Veight of porer repulster is spproximately
7% lks,

(2} The computor, which hes meximun rense cepslilitics of
17000 yerde, conteins reder indicetor end the necessary
circuits for compating dnformetion wo be surplied to
cung, future azimet G elevetion, It ds fully bell-
istie, designed to give en eecursto scluticy to the
Fire Centrol preblem,  Adthough devicss are proscat
for adding arzimuth end ¢levetion spois up to 50 wils,
normally it vee cnrsted cith no spote teld zynlian,
Frevisions ere else mede for sotting in wind velocity
end directicn, eir dinsity, muzzle velccity, end
prrellex to 50 yerds betveon gun end toecking b
cret of triree coardinetes.  Goight of Uhe

£5C pounde.

b, & mindwum of seven men rro roguirad for efficient coperetlien,
This dncludre three men on the tracking heed, e azzimuth end clrvabion
trreker and cne man, the centrolier, te slew the instrument ¢ tho tar-
gat 3dnitdally, Coe redsr renge trecker cperrtes the cemputer, Three
men Are necCessery on the gun; punncr, lerder, end firer; ano cac spruni-
tien relayer. bWhen o ter['ez ame;rs, it is first picked up by the treck-
arg Vie‘.lelly and tre repert “on tergeit de givern by phonz o the range
tracker vho rlec Legine trecking the target #8 soon £z 3t appcers on Lis
seope, Blken terycl pesiticning dete bes hecon'e ~tfsd" (fram 3 t¢ i7
seecnds), Yon y rhene te wrrexing hoed. hengeg ere

2 given by
read ovtl intermitt to centreller on trschker vien rense recches
4500 yeards, o

Ficf of sortl vke erders fire vien
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desired.

c. Thirty targets were engeged, ninetcen of which nay be con-
pidered velic for test date, Teebnicians define an 3nvalid course ss
being one cn which couipment was impreperly coperctec, meking rccurate
predictioncimpessible. These courses vere due lergsly To inexperienced
and untrained cperating perscnnel. Cn the ninsteen velid courses, 217
reunds ¢f smounition were fired, A tctel of twe "letegory Be! were
¢ledmed, elthougt demage te "Divers® ccvld met be ostimeted eccurstaly
due to cther guns firing on the srme terget,

d. Trere verc difficulties enccuntered in operrtien vrick, it
is believed, cculd be eliminsted in tire.

(1) The first prcblem eenfrenting ke exporimental unzt
ke of untreined rrder cpercters, rmd r SCR-584
cperater bod to ko wsed, Bowever, the twe reders
differ in crer-%ien, rnd cxerdence in the T-35 ves
found te bs neccssory,

WwgE

(2) piffieculty wrs encountered vhen toc muek time vwrg ce
sumed by the yrdor trecker in setting the praper
yengee {¢r o WDivert sfter it ked been picked up by
visurl treckers, This mnde it very difficult tc en-
grge £rst tergets trreked under 4,CC0 yords. 4as
ebility in picking up terrete veries directly with
visibility, meny Llargets rere lost due tr wreckers
being uneble to get on terget sufficiently errly to
rermit gn engegement,

(3) The grestest preblem presented tocrnicisns, woe thet
of bellictice, It 1s dmpeseible under ficld condi-
zitns to know meteerclepical end bsllistic dats of
emmuniticn clcse encuph te varrent the use of peint
detonating smruniticn ot dntermedirte reapes. Veri-
ptitng in pewder lots of #mmuniticn, vear <f tube,
pevder temperrture, veight of prejectils, eve., rlsc
contr ibvted te the bellistic preblem.  In crder to
illustrete the mejor impertence of bellictics, the
tatle belcr ig presented, It is e teble ¢f roguired
recurecy of differentiel effects o cevse o miss of twce
yerde in clevetien end five yrrds dn svimath Lo tere
gete crissing ot 4,0C0 yorde smd ot 2,000 yrrds, tre-
velling In erch cree pt 200 yerde per cecoend.

Cressing et 2000 yds Cressing oo 4000 yds

Lievaticn Aazimuth Lieveticn AZimuth
Creegs liind 13 MFh £.7 MER
ferd Lind 7.0 MFE 154 MM 2 E.1 MEL
Muzzle Velceily 48 ft/sec T2 ft/cec O ft/sec

£ f+/s¢c &

LA
G Ani
i £

2 .

.
4dr Densgitv P 3y 19 .7

{e) Witk tke T-25, it was impcssible to mrke » cer-
recticn In eir density for smeller then li”fc =4
fer muzzle velceity less then 15 ft/sec.

(b} The use of spots hed been discenreped fer scveresl
reesCNs:
The reder rengs Lrrcker is bugy fcolloving the

terget. -
AYPLNDIX IV - -
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