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T..  Thie atudy !i'ihtjﬁﬁiﬁ_t¢ prti§ﬁt'i tufiiy"éf the djf;iopljﬁiil'iért
| ;oncinnonncnt!on with airorats ;flahinti in the Gorlﬁﬁ Latiua1fe 1nd'§
- report on the aiatpi this work had.auhiotid by the end of the var, 'Tho
author hae oot hi-aqlf.tho task of ropﬁrtinéflu.the motivation, purpoie.

aﬁd 30#1_&{ the aaln dqvolopuintal projeots in thii'field. as roll_ﬁl on.
- the diffiuﬁltiOn encountered and fﬁ§”f1n51 ri@ultl athOjod in eaoch pro?
. Jﬁot;' dﬁtailed deubfiftlondﬂﬁf ihe tquipﬂdnt involved have not ba?h in-
;E__ 1 oluded., 'By.nonnp'pf this approach, tho'atfiipt hﬁd dbeen made to present

a oomplete pioture of the status of developaent at the end of the war amd

PR

‘thus to olarify the most important conditions leading to the planning e B

of the various devslopaental projeots. I, at various points in the
- study, reterence has been mads to tuture prodlems in the risld ot airorart

srmament, then the opinions expressed are exolusively those of ths suthor

~ qnd are based on the preaiss that developments in thie field have oon-

4 - " . . . . H . .

A rl'-"."!"lq.:': PR L R TR SPLRC R PR P T . L " LT -
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"tinuqd in line with the prinoiploa estadblished during'ths WAT,
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one oharnotorlliﬂ not only by bdetter tlying performance dut alio'b: air-

" borne t...¢nt3'of high fire power and emmunition of dofnfﬂatins offaotive-

yaauni ¢ 1on

0ADOR

- There oan be no doubdbt thn't_ in Wérld War II the best ;lroﬂfc wes the

I-ﬁ-iq-'-r

ness., The ohief demand to be made of such armsments was that they be oa~

pable of anotherins'an sneay airorifg;Iith such & heavy hafl of shelle

~ in such a short time that it was dound to be destroyed by one or several

hits. This goal vas usually attained dy using a numder of automatio,
rapid-fire weapons, which «- in thﬁ-later years of the war -- were further
augniﬁtod by airborne rockets. The porforlanoo.roqnifencntl &OSOribod |

above were appliocadle to the oftensive armamsnts oarried by tighter air-

- oratt as well as to the dofonair§ arasments borne by thoHHOIbera; In
’ thq oase of the latter, an additionnl quuirOIsnt'tld that of ﬁetqrront
"offeotivﬁnolu in any posaidle ﬁirqotiaﬁ ot attack, and tho:a deterrent
' weapons had .to_ba just as p_oiorful and just as i'ar#-roaohiﬁs as the of-

-~ fensive ﬁrnauénts'of'the enpn;'airoraft.if they iei1 t¢ fulfill their

PUrpose.

' In Germsny, there ware periods vhen this deterrent requirement

was sadly neglaotod."' Duﬂng the couree of tho_ war, the forjign press

Al L PRl el B g —ayT A i ke
. . st - LT -
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r-porud Hputrdl,f mt lhilo Ooum;f m '"37 cood mrouﬁ muuu
" .'ﬂ 17}, d_l_ipoiﬂ;_ she 414 tot_ know how 10__uu ihu. The rulon lu iu
. the airoraft aoiiinaia' exolusive 1ﬁt.f¢.;'1u aohieving thi’highatt
pOIIibll flight porforuanol. ;lthoush in thin rllpiot thay Itro fur loro
“ 1isited than tho designers of othtr countriu -= at luat pior to tho |
' {ntroduotion of the jet propultion.unit -« sinoce the Gernan tiroraft on-
gines were less oapadble §f holdiﬁg'thoir oiﬁ'asaiﬁat foroign nodele. It
R 1 ﬁrﬁo;soly this raotbr vhioh led dornan doiigndrn to'diupoﬁli"iith: e
'nifborno_trlan&nti because ot their joight and the extra air resistence
| engendersd dy their inatnllation. Then. too;lin the dpinion of tha ar-

o

'y la:ontu nxportn, tho'uilitury agenoiea reeponsibdle for these dovaloplanta
sade the mistake of adapting the armaments of s maw ajroraft model too '
dloaoly to tho'oonstruation of the air fralo;” Inoroaaed tlyingfpcrfor-

'lanoq-raa'all tob_iupurtant to the taotioians, who tagirdod it as teao-

tically more desiradle, oombinsd vith barely adequate arsaaents, then

- - additiona] ufot; in tﬁo form Of a&ongar mﬁt"u.' In érdgr to main- ..
f?; tain her lead in tho;field.of.flying performance, Gorlany'ooﬁoantfit[ti .
- on the oonstruotion of fast, twin-sngine bonﬁdrq ;nd ¢ontiﬁnad_to oquip.

~ her fighter airoraft tith sore modern :uibotioronginan,rithout givingj_
?jéi : suffioiont thought to the araanant aopoot. 1

The ugonoy rouponiiblo tor the darolopnantl in the fiold ot air-

A T e i L ki

T

borne nrnalentu in the 1ornor Relohs Air Miniastry (Roiohslulfahrtnini-

iy "Lr- '...'j.

-- '-'I ! :"‘..._
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atorrun), later the Luftvafto Hish Ganuund (Obnrko-nando Luftraff-). 800N
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'%Q
e consequenos implied by this situation «= to qaﬁainjriii on aohiering
(he highost possible pizivraancs fn the mever vespons 6F i those qapidli
. of improvement and on deftldpiﬁg?aﬁfoiﬁliiﬁd slnunljioﬁ types, But tﬁi!;
of §burai. oduid éoipinlito.dnlj.in'pitt f?f the iﬁadtqﬁnté arusaneht op-
?ioity of iﬁo airdthft. On the dthéf.haﬁd; th§ responeidble dn?olaplinl
apioialiat vas sate frph ﬁny'aoouéitién of'négloot on this seotor. .
B, Alroreflt l_,.' nt - he Luttvaffe at the -:1, R S _‘.t
A% the'baginhing of.thﬁ waY, Garuanf poaqtnaod fto ipdoial offonsivo_'
irialqntu'for its fighter airoraft -- ths 7.9 il‘l&ﬁhanGBUﬁ:(Hﬂ;IT) and
" the 20 mm airoraft maochine-gun (Oorlikdﬁ r?). the iattor built in Germany
under iiqanuo. The ﬁo;likon iodol vas moditied to ﬁtiiite gnmuniﬁibn
with olootrioﬁl.dotonation and was ordinarily employed with a thin-.'
valled mine ﬁiojeotllo (Iulsl§ volﬁoit:'-.lélﬁ.é ft/ueoond; oipioai?e.
oha.rg.#. 0429 1ve., HA- 41, 75% hoxqsm. 20 % alu_in‘fl; 5 <% Hont#n I&i as .
a smuﬁg ag;mt).' 'i-he 'om'm{ Oerlikon m@;uoﬁ d'm. homn.g' 60

rounds, was lodifiad_to hold 90'i1th9ut faoreasing 1ts_ovori11 sisge.

P

: In'addition, a feeder delt tap dovoloped.'thioh.'hotoror, was inot311§§
in only a fevw night fightﬁr“difaraft. since the Oorlikdn FF model had -

 been replaced by'tho Mansor ndbhlnﬁ-gun.l51 in tha_no#ntiu§. 
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6
- “.15 - uehim-m (K3-151) " "“_r“ '"NB lilinﬂ origim.u; :
- top f:'uf“t_i{ ﬁfo ili.jtihiﬁldiiin ud-mar-p'u'fotﬁg sasun{ s{on (lu_:lﬁ
~'§i1661t1'i 314#.8fi/;|oond), iiighid 93 1bs. By ohiﬁgini the blrrol.
“and the belt s1ide, 1t could sleo be ueed as & 20 ua veapon. ll.tunh, _
T umma a tiring speed ot 620 roundn m .mt;_ and vas u-.u m..
_oisutully.ﬁa ﬁ.loﬁSbra;gt defensive weapon againit air targets with the
san t;pi bf_miuon vbioh has pi.-bna _ﬁo sffeotive vith the Oerlikon
" ¥P model., It also proved satistaotory in elploy;lnt a8 a 15 mm machine-

- : m-

R N O AL
T .

As rar as suall caliber defensive wsapons wsre conoerned, & the
f'{BE beginning of the war the Luttwatte had at its diipoillqtho 7:% mm machine-
gun (M0-15), with a dual drum holding 7% rounds, and the 13 ma machine-

gun (Hﬂ-l)l),'a belt-ted weapon for use with & YOIy oarpotito type of

M T e

 inosndiary ammunition,

P 0. 7The 30 mm Afrorart Cennon MK-103 and MK-]O¢

ii ;{7a _ - As a logiocal further developament in air-to-air uefen#ive aotion

".:_.:]j. :‘__!;_." -1 ”|. Ny f'_;:'rl'?_::_?h _..-: - _.r_._;._

agulhat-bonbofﬁ;-tﬁe_io -n'aircfntt daﬁpaniiieiO} onld'iﬁfo btigg,.tb be |
- follo;a; aalitﬁgt latar.bf the HI-iOﬁ.” Inasauch as ﬁ§ hpepifioltionl
;; _. had been estadblished 6u-th§ parf of:tht iilifnry, the ugenq; in oh#rgi.

of development ﬁad a.od-plotﬁjy'frqd hand.’_it eot.thn folloving re-
*iﬁquirenentu'aé its goal:s . .

.  ” Prilafjfl1lui6nFr It vas to ho"ﬁ }0--h belt-red weapon with the

. f.gtqat'pdaaiblﬁ riding u§¢uen¢¢;'to be used in combat

) g - e -
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“agatnst moders bosber usite, Thy an-unitiﬁnniiluitto be thy oar-

© tridgs developed foF the MK-101 (sve page 14 Of this study) with o

: auszle velooity of 5952'rt/lt¢6n¢. bet ritted elth an elsotricel deto-
nlthh lorii;‘ fhi"iilpbu sas to de 80 oonstruoted that it 6oul& be i#-_ L
stalled oithof in he fueelege or biLxhd the engines, In addition to
the mine smmunition, it was also to be able %o utilise armor-piercing
angunition ror use agsinet arnéred targets and -- abo#e'ali - grauﬁd'
targets. .
".Sqoouﬁaryiﬂiisiont an veapon was t;_bo ae lightweight as pOjliﬁli __

and as easy a» possible to manutsoture. It vas to be a rﬁpid-flring

otrensive weapon tor staniard installation in tighter airoratt tor e1=-

" teotive combat against modern bolbar'unita;' Its_alnunition vas to have
a lulsla'folooity of at least 1312 ft/ueoond_rOr'thd rirat gecond sfter
 firing. The same mine ammunition was to Yo used as tor the'prinarr

3 ~~ mission, above,

snd Belt

bl "*'.‘.‘.“ LG i Y& ¢4 rﬂ - _f_'L___l__t‘_: 'la

-Thn-aluﬁnitlon and wveapon for the prinsry mission were fo ful=-

A
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- £111 the tollowing teochnologioal rdqﬁireuentar:-
1) Assmunition

2 &) Musale velooity 2952 rt/second

¥ Ay

b)) Mine projidtilei tor offensive action against air targets.
. o).Arloerior¢lng grenades iith.tungitoh core and supple-

mentary sotion tor the combatting of arsored tankp.
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ﬁd) Bxplosive grenades, drnﬁripiérbiﬁk 1noohd1afy grenades,
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and armor-pieroing incendiary ixploalti_greﬁﬁdﬁi'rér upe'mgaith unpro-

teocted, f.e. iron-




-? _1:=
.J_;pum._ or umru ground v;ufﬂtf-._ ﬂn_hin"t -upu. udlight morM B
~ vehioles. . | . .
.  ”5)'llni.ptoJ£6i11¢l with fourfold grintof”ifréntiroﬁoil
. then the 20 ii'lina'irojoétiloil(tho iheii boﬁf“df'drgih";tiol;.itploiiii
qhﬁrgo"Tﬁf htxogon; 20% aluﬁinui, ﬁﬁ-lonttn Iﬁx an cqblina lgiﬁf).'TPir-
oussion tuee vith s.lf—d§stroylng sechanins set iq go off at ﬁht 10@0 .
"-thﬁn'3230 teot ﬁftﬁf”titiné gﬁdIBQ.G foot ﬁﬂtﬂlé_snféty.' Cartfiﬁgé 0580
to be madé”df:stﬁ91 if-possib1e.' Fvsecapforeieotriaal detahation,-tol
roaot without fgil at 18 ?ﬁltsfand ta bé'iﬁaénSitive to jarring.
Z)HGuﬁ | . .
. a)‘ﬁeapan'systEE dptiaﬁgl;'7b101back-or"redOii”OPerateﬂ, rigid
| nr‘mass;ldcked
'ﬂ*bj*Fifing:ﬁﬁeed'at'leést 4@0 shots per ﬁinute
'c).Sﬁdoth ﬁﬁéfﬁtion ai'acéeléfationa'ﬁﬁ to thrze times ground
'acdelefatiﬂn;’Gorraspaﬁiing tn‘a-belt feéd:df ﬁpprotiﬁately-é;ﬁ feet stétic,
and full 'fun_::tmnmg-at _60° . '

d) Few xovable perts, in tke interests of ‘high firing speed

”a)fLightest pOSSiblé'totﬂl'ueight and installaticn length

" £) Possible installztion in the fuselege, &t the base of ttre

“wings, or behird the ergines
. z) Belt feed either from. left to right or from right to left

"h) Electropmewnatic cocxing end firirg nechanisa
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1) Elaotrieal detonstion,
J) Cantreal }o‘iulo:'nlric ‘§: _ti_ip'oi (;'o'u'ﬂli' iutjﬂum) '
"t)vairill oﬁﬁittﬁbtiéﬁ to be bilij ﬁﬁ_§oﬁili§riiléﬁ of
.iilpllﬂt possidle liﬁurnotufing“itthﬁﬁt.ind liili pbﬁiiblt need f@f re-
tdoling:"dlo-anitiné to bdprirorrodt?nhjplﬁi“S}‘ﬁdttinj;i' -
 * 1) lﬁloluti interchangesdility ot fuﬁotldﬁ#l parts,
m) Live ot oxpindablo parte to:hg'tt least 1,000 rounds
'jithout any d;uulignntnt inoapab)e br being qorrootod by oﬁoklng. '

'n) Uuo'of1unra§ionod'latorialn,_auoh es sudbstitute mater-

fals for stesl alloys.

RS

) Collapaible 1ink belt or shest stesl, in which the
1udividua1 links are hali togethcf dy the daftridgo ansou;
_ b) Diolantling of the delt into its 1ﬁdividual links re-
‘gardless of yhamhor fa§dor aotivity takes piaeo from right.to 1¢ft or

from left to right.

o) No stitfmess in the tully-loaded belt, i.e. it must

T remainm flexidle and be capable or being dent tightly in any direotion.

The lighter weapon and its samunition were to fulfill the tollowing |
requiremeantss

1) Amsunition

. a) Hn:sle'volc¢1tyF1640 ft/becond, oorfcnponding to a

" trajeotory of 1312 ft during the first seoond.




i;pl‘j”_
b} Othlr lpiolllaltinll ror llni projiotilon nnd onrtriigo .
| #lii! to bi tht talt 10 10r the pri:ary liiniou I.lpﬂh dsiorided tbovo. |
°2) Vaapon
a) Firing ipatd to be 400 roundt ptr~ninutc.

b) Othor aptoitiontionu to bt the same as tor the pri:try

~ alesion weapon desorided above,

D 3) Beld
8) Speoifications to be the same as for the primary miesion
. weapon desoribed above.

6, T 0 Airoraft © MX~10 t.

- MK~
- The dntlupnmt of th' Eﬁ-lﬂ} and lI-lOB vas carried laut by the .
Rhninlotall-Bofoig Gonpany. 'Thil firm vas regard&d ag boing partionlarly.
' toll-suitad to the nlnignlent in viev of the faot that in 1936,rtat1ng-
- on its own initi:tivo, 1t had developed a.50 L airborno veapon and amxu-
nitian. the MX-101. it that tiu, hornar, the IK-IOI had bun turned

9{?: ~ down by the lilitnry authorities bccuuno ite size anmd Ioight (408 lbu.
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B '1nolud1ng gunwtmt) on the Gae hand, n.nd 1ta nethod of opoution (dotmh-

~able nasasino with six roundl, 26 1bs, tapty Ictght. and 13 lbl- ammuni-
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- tion welght = 39 lba.) ou.tho athar hand tould hata roquired tho oauplcto '
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robulldtng of a ttin-ongine airoraft and Iould have reduocod its flying

N I ate

performanoe consideradly, The mecessity of nolbatting air targets with
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suoh larga'onlibor'rni unqudbtiéned at tiat tile. During-thc tar. tha
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% 'HK-IOI vas groatly in dlnand fo. 1nottllation in ololo-cupport airornft -

: ! _‘_

Ch e

of the 38'129 type, to-bo usod thh.tunsatun—ooro ;nnunition (Iutslo Y.- B

'*"1oo1ty 3148, 8 ft/itoond,



s .:;_;

araor-ploroing affeotivenass sgeinat arror plating of 220.5 lt'i/i:n'z -
etringthi 70 ii_;l?i-éod'{-plot sngle uﬁ&lOO;ldti90°ilpiot sngle '
© frow a distance of 984 f£1) againet the Ruesien T34 tanks. ‘:Bf‘ th_a‘t'uu. '
hortvi:j tﬁé ¥X-101'g Itrofiiﬁilablo Only in fb1it1f§1; short supply.
x.gha.ahalunaftil-Boriis'cénﬁani.had twifoh#d 1t§ produdtiﬁn otpaﬁity to
other pnojoata ind iap”thunlnot in.s position to make large deliveries
of tho_ﬂI-IOI. and ﬁo arrangolanti'féf ite oﬁntinﬁid nanufaoture elee-
vhers had paen iad0. .
&, Ihe Ressons for the Disfiocult

{ ki,
d *hi ‘s -4 » [ ]
- - - -

'_'-_.
U | - duetio
The Rheinmetall-Borsig Company developed the MX-103 as a blowvaok-

operated gun and the MX-108 ae & reooil-operated weapon with mass-looking

P L AT I
T O

 breech, The required ssmunition iypes for use sgainst air amd ground
" targets woere developed from the ammunition depigned for tharix—101. and
aere ready for use with the sanple weapons. Tha diffioulties enoountered

g in dringing deTQIOpldntal_Iork oﬁmtha MK-108 to a oloss and 1p'gatt1n8

';"r S R IR L MR TR R T AT IS

" 1t ready for produotiﬁﬁfters due 1n pnrt to fﬁdtora connsoted with the

P

| ﬁroduotioﬁ ;ﬁpeofl_
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1) the_salplﬁ squipment did not ootreupond entirely to tha fiﬁiihod 

A AL
P

serles pro&uot'ainoo osrtain parfsﬂrlich would later be dit-qgat 1n'tha'_'
mass production process still had to be manutaotured by other means or
- oast prnvitioﬁally.

©2) the faot that the amunition had been developed conourreatly
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~-~Vtiri atiridutable to the ;:luﬁitién.bt'thi veapon itgelt,

~ made It 1npossible to tedl vhethér cerféin defeots 1n the test shots

© There wers alao sdainistrative 1otérs responesdle for the &iffi-
oulties enoountereds

3) premature prouises regarding produotion desdlines and delivery

figures were made by the Reichs Ministry tor Arsament and Wer Produotion

- {Ministerium frir Rlstung und Irieglpréduitloﬁ). o

" 4) a8 s result of these pronises, the tirms involved vere placed

| undlr unheal thy pressure to bring ths defaloplohtal_iork to » o;olo'at

the oirlioot possidle datt..-"

- 5) thdflofion prﬁduotion_of the weapon vae assigned exolusively

 to a secondary oonstruotion firm rather thea to the firm whioh had been

" {n oharge of development.

| .6) produotion taollities in thie uooondaiy'f;ru were s8t up in

acoordance with dravinge which thﬁ developing tirm had not even used in

- oonneotion with ite saaple weapons.

..' In

Minjetr for Armament Q‘.'Iﬁ produotion ir c.};_qti.g”_ t2 th.l.

O

De: t o MK-)03 and the MX-
 The tendency of military sgenoles to demand that new veapons

developed by industry be put into fukl-soale sérits_produotian as soon

as the tirst sample weapons had
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bun tut-ﬂﬂd vuh uthfutol‘r nwlh vae oonﬁrud roputdly ln o f .
: tht onst of tho nirly d.ralopiﬂ 1quiplunt. and -« juit as rOpttttily TS

y thiu hadit gave rise tn iatbnokc. Thare vas littlo point in iﬁ.i-ting

that t'ohnalosioally conplionted dorclnp.ent prooot;tl could not ailply

-

~ be bmusht to a uuuoouml olou u]!on demaxd, !ht aithor i3 of the Op-

"°,1ulon \hat the intervention of the Hiniutty for Lrnanont and Yar Produc~

tion'toiardu the oonolueion of doveloplenxnl rork vas not tavorable in
| | -,

- the onla ot the IK-IOB and thn HI-IOB. 'Htu reproachss in thie oonn&otibn

ars direoted not agalnlt tha Ordnanoo Commission (laitenkonniaiion) and.'

"'1tu gpoolal sub-oconaittess, but rathar egainst the orfioe ot the Bpaoial- |
- {at 1u.0harga ot'laapona (Sondorbosuftragtor fﬁr'laifen) 1n.thn Hiniatry

for lrltlﬁﬂt nnd'Ihr Produution. -Ehia oitioe, run on.tho linea 01 Party §

politioﬁ and atatiad by non--xpertl. aupurriuad di?&lOpltntal tork with
& peoullarly unhonlthr kiné ot ocordination, In this oonnoution 1t nay
de forththllo to nantiou that this aaonoy took steps to have the deveIOp-

mental work on the ME-103 and MX-108 tranutnrred to 1%3011 nhortly'be-

fore itu ioha&uled oanoluaion. raqpiaitioning ono ‘ot the ohief e:pcrti

- to take over on.bahalf ot the otfioo. Subccquantly. 401010p=ental vork

vas otfioinlly brought to a olose undar the suspices ot tho Speoialist'

; offioa; '1th¢ut, hotufar, tbaolving tha Duveloplaut Dapart-unt (Enttiokr

| lungaabteiluns) of‘ultinate rcaponsibillty tor the oquipltnt-

 Inssmuch as the MX-108 was ordered into produoction bdefors it vas

_odlpletclj finiah&d '. - S . :,”
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"nii'iitofifit hal bc#u tdtqnattly to:ltd. tna lnaouuoh li the ;:lunltion

- for it Iui lllo ntlll in tho tt-ting atagt, it vas txtrillly ditrioult

to traoe #ortuin funotlon:l d!ftott appurant durins the tincl tnutins

to thtir ultilato aouro:a. oxcopt in thoac 04808 where tho reason ror_

- tallure vas olearly evident in tho fora ox dilagﬁd hurts. The faot that
th aheinloiill-Boruig Company, thOlo onsincar and Iorknhop ptruonnol

wore 1ntiuatoly aaquaintcd uith thaﬁRI-IOB and ocould hIYi carried out

- vhatever loditioations night prove neﬂoaaary'and anended their blue— .
- prints without dolgy,*rau not annigned tho taak ot lnnuxnoturing the |

. tqnpon_led {0 voﬁiidtrablo diffioultios 1n the oarlj'uttgtn of produotion -

- in tho neoondnry oonutruotion.tlr-. tho former Gornanﬁloapona and 1n:u

nition Fhotoriea (Doutsoho'latfon- und thitionafdbriken) in anon.

vhere plant taoilities toro donigned priuarily for massg produotion.. These
initial Jitficu1t1e§ oduld bo ovoruﬁno to some ixtont hy the auaignnent

'} § # toa: trom theJRheinnatall-Borﬁls-OOlpany fo the oonutruotlon firm
 in Posen. The onginoprp'fro-.Hhoinlotall-ﬂoroig'tdro asuigﬁed to provide
. whatever on-the-gpot asﬁiatunoa”night'bo needed and'to nake #ertﬁin that

" the uanu:aoturing-apeoitioationu in'uao in thu torkah0pn oorreupondod to

- %the latost atage o1 ﬁ.TOlOplﬂnt-
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~ Ae far &8 the exterior ballistio parseissucs xequirements of the

. -
.

L
-

MK-108 auluhitlon verse aonqarquithi!&;ialopiinthl sgeonoies had deliber-

:ﬁtqu rottyiofbi“fhggi;ltis.tﬁ”nidiun oonbﬁt fﬁngo.:finﬁi vhe teohnolo-
- ; | =:1’é£;;1.rdQuiriidnfn don@nﬂod that the veapon be kopi as iighf as possidle,
Ltﬁr c#etﬁl messurenent tir_:l éa.lou.la't:ioﬁ, a 350 3.p1."0306't11_0 !il dc-_"_
| iol¢p§d..fha iéigﬁt of the oarifidgi. in keoping with the entablished
iui51¢ ve1o§11y ot 1640 tt/second, tﬁi 475 g, The mine pfojoofilo
- evolved by Rheinmetall-Borsig had anratploalvdldhﬁrge or 712 & ooubinid |
with a trﬁuer {1.e. night tracef)'uluunltioﬁ. The parallel projdofilo

developsd by the Cermsn Weapons and Ammunition Faotories had an explo-

'.ai?u_ﬂhnrgo'of 85.3 and nb:traéar ainunifion;” It oould slso 30 used
a8 an 1nd§ﬁdiary'lronadq bj lining th¢'ih§11_i1th.an ajloy”ﬁf'hariﬁi%'
ulﬁninulrnagnesiun; Thus the tto'typéa of 3renadoa.aup§1¢nented.eaoh
'%j  other $n ﬁheir etteotivenass against alr ta?gotq; The main disadvantage --
'; " the faot that the iino.prbdeotile wvas designed pri—arilj tor use againet
"'{“E - an afroraft air fran§ (due ia its intense blowback effect), while the
: “:incendiary fi11ing'feleaéEd'hj*thé detﬁﬁatioﬁ"ﬁf tha inbéndiary grengde
3 | | - o S - S | ;
| -?faa=efféctive*§nly*wheﬁ'it came intoicéntgct iith*gaso11ne'---waﬁﬁélimiﬁafg§
 ted 15'1944”by1thé deﬁeiopmént'ﬁf a“cbmbiﬁeg'minéﬁincéhdiari grgﬁﬁde."Thefj'
- latter shrell, also evolved by the Geruen Weapons ard Aﬂﬁﬂnitidﬁ_?actéries,_

-fefféotiﬁeiy-coghinea’tne'achievements'of~the'other tzo. Since the problen

of minéipféjéc£i1e_de#elanent, fncluding
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Y _m..“;;;t-.-ummm for wins projectiles hid besn oolr«l oone
pletely in conneotion with the maas prodﬁﬁiion of the 20 ii'aittiidgig _'
ror the Oerlikon rra.nd the m?islfm. no appreoisble diifioulty wesp
| oﬁopﬁutirod in tﬁi developaent of the 30 li.ih!lll;
h. Byalua t 3$he Devel na MK-
The !I-IOB and itl allﬁnitlén'nOt ﬁnly'fulfilléd the foquitdaintu
‘8ot for thea, but cﬁn exoseded tmj by ubih!n.g sn aversge firing -p;g;d
of_6$0 roungu per Ilﬁut#t' Phe MX-108 i;i'ﬁﬂditional proif.(;rtcr the.
20 il'Oorlikan FP) of the faot-thtt the lasn;lookins breech wvaa an eof-
teotive and relisble br&oh—looilﬁg system even for large-osliber, rapid-
| é_ ._. 'tirlqg iuonat1o yeapons df lim{ted ballistio performnanod fof Iidlul-.  .
P ANEe use againot #lr targttn; At any rate, it was ol;ar thaf.thu
ﬁyatei_had no bﬁsio'doroota; au-hid beon essumed prcviopnij in Jerman

" ordnanos oiroles and by the advooates of the rigidly looked '53?03'

- qjételu.‘ It vas proved beyond & doudt that thers was no dangsr of pre-
__%j mature detonation, with'subupqutni dassge to the interior of the weapon,
{ or of jammed oartridges or torn cartridge bases, sven when oartridges

 of stesl wsre used exolusively., This may have bégn 8 reﬁﬁlt of the #iirerﬁeij

:I1':".:.. P AT IN EY TRE L |

© £x4¢T  eleotrical detonation of the ammunition and of the
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| ’
- generally f¢iloi¢dryf¢§£to§'ot-rixiig"tu;'adfffidgdn-: N
The unisually einple construdtioa of the HI-loa,ilth.ltu liil-
'f;ldoliﬁg breech systen, aﬁdfthi stﬂérﬁu& use nade of die-oaet ateel parts
-'roprt:dn;&d A grn;t”idv;ntaéi in the mass produstion prooess over all
. previous Gersan airborne wveapsna., The number of manhours naidoﬁ io |
H#Hurnotﬁro | ooaplote MK-108 in oériau-proﬂuailon; iﬁoludin§ itd'drain'
" barrel, had bﬁﬁn reduuﬁd'to ssventy-tive by the end of the wer, while
. the nﬁnufnotufo yixyiex ot the 30-151 in mass proﬁuetioﬁ'ﬁtill took
ninety=five working hours. |
-- 'The.§i0e11ent qﬁalitica.qf'tha !KQIOB ve its tiring apeed of 650

. rounds per mimute, its rilati#olf_llght wveight of 132 1be, the esee

with which 1t could be installed, and 1ts highly effeotive ammunition --

f .

 goon gave it a good reputation in all quarters.

1. Evaluation ot the Development of the MK-103

Ohroﬁologioally slightly bbhind.the MX-108 , in deference to
thioh it had been relsgatesd to the baquroﬁnd a nuﬁb#r'of'tiléa, devel-

. opmental work on the heavy 30 ms ajroratt cannon ME-103 was also de-

"‘ﬁl.

" olared finished. The MX-103, construoted on the blorbsok-ﬁperafion

s prinoiplo,.also fulfilled ali the
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: ¥2s assizned to the Rheinwetall-3Borsig Company itsslf.

!
e
D
a
P
| .
poad
O
o
o,
5
=

q.*ﬂlr*q W gy g
AN
el

B 1
‘* )
iy
H

L
]
(f:
o
wlt

]
.T

A

iy

Wy

BTN )

Pl e e

N A

WL itkeigh ey
S, LRI R
P D ¢

"\;'}*#_I'jff.f?
Lin W




2
£
i
i
)
3!
-
-k-u
L=
%
e
s
. _ie'
| ?
'R
L
- -
i:
3,
E
) I."k_.
g
o
=
=

P"_;;_2} 

60 a maximum vange of spproximately 3936 £1, a5 ¥ell ai ageinet ground
~ targels, partioulérly armored tanks and vehioles, Throughout the antire
© var, hcwever, only a very tew MX-103's were made availadle for use

~against tarks, and t\hen only under very speoial ofrousmstancee, The MK« '

103 may be considered to have met the goals assigned to its deaigners,

~with fts et1l] acosptable weight of 309 1ds, with a muszle velooity of

2820,8 ft/second, an averags osrtridge weight of about 1.8 lbs, and
a firing spesd of 450 rounds per minute. As tar as construotion was

aonparuoa; the designers ot the MX-103 ohoss the safest vay in order

" to avoid developmental ditffoulties and to make the best use of the time

 at their disposal. Nevertheless, the MK-10J was the most modern auto-

matio 30 am weapon to be introduced in its performanoce olass -~ in yge
speot to produotion as vell - ﬁnd'ai the time of its introduotion the
athdr'iahrﬁacht hraﬁ#hes wers greatly intsrested in it. In addition to

if: main area of employment as an otfeneive weapon, the developmental

_,'aganor'ulud coneidered it woll'adapted to use ua-a.longhrango autonatio

~ detensive weapon when instslled on mechanically aimed tlexible gunsounts.

§. The Ammupition tor the MK-103

'; fﬁr'uno againut'aif fufgota; the MKvy103 vas designed to utiliio.
- oartridges ani aine 'pr’oje'mm of the saae veight, with and ﬂth_w.t'
.trador annﬁnifibﬁ, di:the,lelos &hﬁ the #anb.inoqhdi;ry g:eﬁadoil(sae
 page 19 of this study) as the MX-108. The MX-103 osriridges slso had -

.......




TR A e Ak Ly Tty g 12 ok

FFg r M
i

g 2
L:,.-':"I-..-"—‘ R N T P o L I R P SR R
T o S T T P TR

iﬂw,@';i _jf-f'*rg P AT AN R e e

iLl;" . % [N M
TR e B R L IV R Y

ry

N

o,

II'!l"""':"'--":l': :

 artillery amaunition had been

Y

S ca :uiili volaaity of 2320.3 ft/lloond. Iith ta ;1ortgi itight of 1,8 lbn.

No eonbinld llno—inuendinry gronadt had beon dersloPtd for thu HI-103 as

~ yot. Ve oan assunme, ho“ur, that it would han been introduaod in

tine to replace tha_tto a-:unitioﬁ typii already availadle,

fhui; iR it the MK-103 was to be used offectivaly against armored

- tanks, there was no'alterﬁ@tlvo bnt'ta resort so a p}odeotilo vith a
 tungsten 0ore and with a magnssiur head to bring about the inooﬁdiary
effeot (at that time tungsten vas prdatiéally unavailable in Oorniny).

- Fired at a renge of 984 ft, this speoial projeotile was able to pieros

arsor plating 70 ma thiok and 220.5 l_tis/m2 strong at an impaot engle

of 60°, and plating 100 mm thick at a vertioal impeot angle. The

| ulor-pletoing' inoendiary grenade deaigned tor use against merchant

ships and light armorad vehioles wae oapable of ponetrating marine con-
struotion steel (Sohiffsbauﬁfihl) 20 mm thiok at a range of 1,000 meters

and an impsot angle of 60°, and the ﬁrlof;pierotng frasipntation eronado. -

designed primarily for use against ground targqii. was able to penetrate

steel plating 25 ma thiok from a dietance of 984 1% end at an impaot

“angle ot 60°, " In their erfeotivensss and balljstic psrformance, the
~ oartridges dcfdlppad tor use agajnst air targsts oorresponded in general

" to the ammunition tdeﬁ'usﬁd '1th the 37 =a gﬁtiairoraft arvillery osn-

non, model 18, Atter the ayailable supply of MX-101's had been exhsust-

~ ed (seo pa.go'. 14 of this _.Bhld_j'),. a mll qui.ntiiy ot 'tm"_o dﬁ@ia_i_roru‘t




of

fffﬂ't.#cﬁ'étir and, vith sinor moditloations, iiiafrdr*iiibatni'ennﬁéﬁ.-
| . b | o | | o S
) Onlr'tﬁd_}T ae 4r§§r-p1¢fo1ﬁ§ anauniticn deajgned for usd againat arsored
tankes had gfiif&r pantifhtidﬁ QtfibtitonOii_(IO =) thah_thi'io.in:
B ﬁrnﬁr;piereiﬁg granadi. ‘Quite epart trom the 1norqlui in weight (304
~ 1bs per weapon) thdﬁ the 3? ne aﬁtlairarazi ;rfillory anuunitlon Yas
unaﬁi the 30 an annunitidn I#a pﬁrteqtly adequate rqt ﬁit against the |

Russian T=34, the tank most trequently employed on the Esstern tront.

- Au a_reuu1t of its threastold groater"riring gpeed, the HK-IO), ultd

-\..-.- . .
B T o e L T T R,

#ith the prpfar nnnunition; r;u"ploo profqrﬁble to tha.}T am airdorne
hoav} oannon tﬁr”ﬁso_aguinat 11ight amaned vehicles and iron-protected
ground tar_goi:s.

.D. The A _--- Tes 0T HG.. 13 with 2 pn and 30 mam :.__.-

.a:'. P'.__g pose of ngglﬁmgi and ngulgg. ments to be Met
'“'Thj Hﬂ-?i) w4s dﬁaigneé.oyiginglly-aa a 20 nn.ltohiﬁe-gun for

_-ua; againet air targotn'iith'a 20_1- longurango njnc'pnoiootile,  It -_
was ;utend§d to take the plﬁoc of thaua;lsilzo.

he MG-151/20 had rendered satistaotory servioe at the tront for

"__u""'"-\..

~.years and at tha{ tims was stil) ooneidered a good weapon. HGTorthcliann
E  on the basis of their kmowledge and the experience geined eo tar, ths
- 'oapoﬁi deaigﬁern woere oconvinoed that it ought to be possible to_inoroaea

S " the firing speed of an sutomatio, long-range 20 mm weapon -- which in

VEL i g

the oa._s& or the HG-'-I-II‘)'I/zO
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© wa® 620 rounds per mimite -« %6 mord than 1,000 rounds pér sinute, -

- The 20 wa long-range utnq,pfajiatiiq v4s already availadle in an

ilpiriltﬁtal .od.1.:'1; vie & ne¥ type of projeotile of 55 ra tarrel

- sszsagik length in a cartridge with a mussle velooity ot 3260 1t/s0c0nd.

 (2his projeotile oould not be used with the M0 151/20 becsuse the rate

ot dooraﬁuﬁ in wuszle velooity was too great).
" The long-range mine projeotile tolloved a pertectly atable oouree.

Due to ita extra lengih, the explosive oharge could be indroaqed to 24 g,

" The total weight ot the pﬁbJedtilo was 114 g, as® ¢ontraot¢d vith 92 ¢

tor the #ne used with the MG-151/20, and the weight of the cartridge

'-raa 340 Be

Sinose the'aﬂporior military agenoies onoe again played no part

in tltabliahing’tﬁo neﬁd Iof-dﬁtolopuent or the requirsements td be met

by the new weapon, the Feapons Branoh of the Technioal Offloa set the

folloving goales

An eutomatioc airborne nohina-gun vith extra high 1‘1'1'1113 speed

was to be developed for use vith a oartfidgo having a sussle velooity

" of 3280 fﬁ/second.; The lachine-sﬁﬂ'*ﬂﬁ to be so deaigned as to make

 produotion as simple ae possible. It was to be used primarily in mobile

lgunuountalagaiﬁst enauy'airofaft. _Thus; idially, it wvas to be con~

structed in.#uéh a Iﬁj'that a nunhor 01 waApONS could ba'iﬁotallqd in

e ralati?ﬁly sasll area in antiairorart defenss posts.,
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- The tollowing riﬁuirantnttniiro_6aiab110htdl

1) Yespon
) Baaio'typp optional .
b) Pesder delt iﬁthir lifi fb right or;right to lett,
o) Firing speed 1,000 rounﬁn per tiﬁuft,
- 4) Siaoth fuﬁotionabilitj at'ﬁqoelorationt up to thrdi tines

ground acosleration, ocorresponding to 2 belt foed of £.é6 ft static, and

full fiietionadility at -£0° N

o I 2) S5imple construction urd Yight seight

f) Shortest possible casing, paruitting inatellaticn on flex-

itle gun-tounts
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h) Electrical détonation

i) Blectropheumatio cocking snd Tiring machsnisem

¥

) Overall eonstruction to tc.: into consideraticn the simplect

production methceds and the shortzst pessible developsan

L

t”ﬂéfiﬁdj'ﬁithidiEf'

“castirg bo be given preference over ‘shaping by catting »hensver possible

FEENES B

k}rﬁbsdlute-intﬂrﬁhangEability“of expandable parts and “function- ot

LTI

‘al reliaviii

cH bWy T e i
gl ‘" R SR R

itity withouat the noed for subsequent rogulation

-1)*Life*of'expehdable rarts td“b&-at-leastflﬂﬁﬂ'shnts #ithout
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anj'diséligﬂmént'of*the.weaponf#hh:h could not bve dorrected by cocking
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'“i)’ﬁiiliiitt@ﬁ*bf unrationsd a1ee} and substitute sateriels.
2) Selt
8) Oollapaible link Belt ol nhott ltttl-
b) bqunlly llooth dienantlins'into individual linku.rlgtrdlcsa

of thathur feedei notivity was from lert to right or frdi"ri;ht to left.

o) Ho stiffnesa in.tho fully-loaﬁod btlt. {.0, it muist resain

“firm and 1loxlbl¢ and oapablo of being bent tighjly 1n both direotionn.

2);Lllunitlon

:f:i) Thé aveilable 20.11 oartridgo with the long-range mine

o projootilo fulfilled the tollouing requironantol

b):uu-zlo folooity 5230 tt/uocond.
o) Projtotlle ahsll of dratn ateal.

- 4) Bxplosive dhtrge'ﬁf 24 g of hexogen-aluninfun explosive '

5 (31'41).

e)'Puraulqidn fuse with eelf-dinintegrating mechaniexn sot

‘at approximately 6560 ft and 32.8 fi mizale safety

iff)zCartridgE”éf“draﬂn'steel

g) Puse car for ‘electricsal deténationi'reéﬂlatEd {5 work without

‘f211 et 16 Volts or more and fapervious to impact”vihration.

" Probless Encoumn! ereﬂ durlnh_Davelqpnent f tre Jeaponigqi“gge Ten-

- - @ wm W o - -

i " - - | gy - i

TA“IVE Re 11 of t%e Fxrst St&gﬁ of DeveL_pnent (20 mn BarrPLl

L H—----.—--

~ Fhe devdopment ﬁf'the-zo 21 ¥3-213 was first assigned to the




 Xyleghaff oa-pih:n_tﬁﬂ li{ii:té the xaucif50§npinf._ihi§h s $0 siiin' 
“iith';;_daiigﬁcd_;ﬁd buiij.tﬁrii ditterent i@&iii-hiiod on ke Slor;_
'hnok-oﬁeration prinoiplo.- Gf these thrae iadolu; thtHDovclﬁpleut De-

. partieht dqoidid on the HGféi}/b, ihioh'utililid thj well-known riiél.

. ver dflinder §riﬁoiplo. Dtp&pding-upaﬁ thi'rjgﬁlltioﬁ éf'the'oyiindof,

~ the feeding of the long amd relatively ho;fy antringl vas spread over

_uov#rai shaots, thua giving the rﬁapone.in qxt;onolf high fiflng.apoed
of 1,400 roundi poégihuto,: Insofar as tﬁq isntntivo resulis aohioved
by iho_tgnt Ioﬁeia parlltfod a final Jfﬁgnont; the ZOIin M0-213/C not
o only fulfillod,'but sxoeeded allxtho touhnologioal requirenents set .

| fof'it._ Two problems reasined to Ye solved during the subsequent de-

VQIOp;tntal worki
1) the type of gaskel to de udo¢ botioon Safr#l ﬁnd 6ylindor;.
o 2) an foeotlvo'upthoﬁ_of co0ling -- ;r rather airing -- the
o oyl;ﬁdsr in order to obviate any danger of'tha~oartr1dse'e igniting
&utoiafiﬁally during.tha foodingproooasrhon.thotonpgn vﬁs requirsd
tﬁ.fire lqro_than 200 rounds 1in quibi suoooasion,'oither in th§ fora
of bqrata d‘ fire --or. oontinuous 'firp. |
- Both problens found adeqﬁaio solutions which wers also logioal

from the point'of'iiot of oonstr&btion.'




Lt the same tilt. the Dtttlopnlnt Doplrllent dtoidta {n flvor

' ot the Hﬂ-zljfb ard raqutntoa that tho rcqpon bt ldtptoi to 30 mn 0411--

- ber, for a oartridgﬁ with & iyizlt i010o1t35bf'1758.4 ft/second and a

~ mine projeotile with 65.3 of explosive and an inoondiary srcn;do. The
deoleion to carry the development of detensive uméﬁti, 'too. a8 far
as poa;ibli 1hto the 30 ms dalibtr range L CL aohaiitred nootiﬁary oy
the Dor?lopuqnt Department in visw of tﬁé iﬁorcasud use of fighter es-
corts dy the onQ-y.. fho Doﬁartuonf ohanptoﬁbd-the vicv. tuoh{diupttad
- 4n t'ho.!cdhxfioal Office, that boaber aircarft must have auffioiqntly
powerful defonaivo arnalants to enﬁuro thoir deing able to throw otf
eneay attaokerl-on tho way to their targntu. and tha$ the question of
Itheir apaed ‘should be aubordinatod to this aﬁcurity taotor, in other

; torda,that speed was of aooonda:y {uportancs, Tith the 1light and ele-

| gant 10-211/0 at its df{aposal, the Dapartuont sar 8 way to puah through'

thia reqnirenant, whioh had altaye been diaapploved beforo dsoause of
. the lr.oight and apaoo rmtora. . . . o
.Ldaptﬁtion to jolin oould he n@hiered tith rel#tlve escge hy-ohang-
ing'tho barrol and a tew funotional parts of‘tha weapon, Aa a.30'nn
:gun ior'use Iith a oartridgo of‘lT)B 4 ft/uﬁ#oud lulllc velooityj the
'.10-213/b atill lanaged to rotain the very high firing apaed of 1, 100

- rounde per minute; ite*toight vas only 165 1bs. It vas otill in the |

| tdeting atsgo vhen tha var oame to an an}d
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In doth di:iéﬁ and perforsance; \bha MO-213/0 repressatsd am appre-
© olable advance over the achievemsnts 80 tar iﬁ-tﬁi*f{ii&fbr-ripidiririﬁg'
 sutomatio i.lpﬁnl-: In ny opihlon;'1t t§uid rave retsined 1ts ﬁi;d-atart'
.oiit the other availadble 20 s and }Olii”rtapghi'of the eane pirforlanai“
oluai for years. 'tﬁa_iﬁ;zisjo oould aleo have been installed 1# fighter

 lirofhft ;q';'ao aa offensive weapon.

C IIX,..A, The Nesd tor a Yurther Inorease in Caliber
" In the preceding pages of this study, I heve already mentioned ;*
 that a bonb#r airoratt of the Flying Fortrese type oould de brought

down by 20 mm or 30 mm weapons only by an ontiri series of direot hits.

Bven the intraduotion of speoial Offon:ivd taotios, eg. attaoking froa | .f )

" the front and ailiﬁs at pdttioularly_Tulnerdhlo pointi (énginiu.*un-
protected fuelltanka;"btbg) had no more than temporary ;nrluenoo-on -

l thin.unsatisfiotory gtate of_affairu;”lfhui. theiDefQIOPitnt htpnrtl.nt
-; vae faoodriith the naooﬁaity of developing more dtteﬁtitc-aliunition |

and thus with the task o1 inoreasing the oaliber once more, The ef-

...:;" '_...\_

C j - teotivaness of the emsunition
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already in use hid beda fnvéetigated {n syetenatid riring teats and wag
& matter of record., Teats had d1s0losed that it vas not the grenads
'ﬁpllnttfs bﬁi ihbmblox-back'ﬁffﬁnt df-thé thin-walled uine projeaiiies

J

whioh brovght ‘about large-3cale dawace combined wit: incerdfsry oifect

L)
Iy

in tiw &ircfaﬁt'hif. Thé effﬂdtiveness'ﬂf ¢Q sy a3 cdﬁpared'ﬁith_jﬁ LM
minnﬁ; ¥as apﬁfoximatély”lid. ﬂhﬂ iﬁ'1944 faﬂt o fifthitﬁ:hy 20w pro-
  5§6§11&5, é§nc¢nthtEd=iﬁ'alré1ﬁtjﬁﬁiy snall gtea,'ﬁefe'necEssafy-to'hring'

dow¥n a fourapngine.hombar. Inasmuch_gs'the dessrd for larger ¢aliber

s

precluded in any case fulfillment of th» roquirement of the highest pos-

“aible firing spaed, thﬂ &ésiHuérs went to the other extreame and set them-

“malves tne following task:

- AT . S e - ek B Bkl B Him ulie ag el W -

B. Developrent of the 55 ma Caliber

a. Goals of Dsvelonrent
s | | By ma2ans of “exnaustive expariwents; it ¥as to be determined

Hox wmuch of the hexogen-zluwinum explosive was nEEded'td'destrby.é large

; ~ “ Lomver. Nexl, a prjectile was to be develored for the rejnired kind and

- _:.ﬂ'“*u

anount of expleosive; thﬁ*blatback'efféct'0f3thﬁ pr6je¢ti1e fas W de 89

powarful that only one dirdct hit wonld be necessary to guarantee the

A G e

~ Aestruction of a four-engine bomber.
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 and twin-engine fightu* air.dfa.i't.' " The Department had alfﬁa,dy had some

. Phe initial experiments rovialed that 420-450 g of explosive vare

- needed m '6:&0_:‘* to bring ubout the dnired total denmage tﬁ' the ﬁiolu_o

or ringudof't large bomber; in other words, thie amount of explosive

vould on&ufd"thnt thd-lirorart iﬁu1d be 80 bidly damaged at and around .'

~ the point of impaot that its orabh s0uld be a roregone conolusion. For

‘an explesive charge of this size, hovever, a 55 ma cartridge was neces-

sary. 7Ths Dofeldpl&nt Departaent was vell awvare o0t ihd'faot that an

)

“sutomatio veapon of this ocaliber, because of its size and weight, would

be dangirouuli near the limit of the carrying oapdbit: of the single

experienos, on the other hand, with the installation of cannon of this

sise in olose-support airoratt, in some of whioh 75 mm antiairoratt gune

had been mounted experimentally Yor use against tanks. The 55 ma caliber

was best suited, hﬁrofor.'ﬁor yooket pibjootiloa. rhobd*utili:dtion'aa |

‘airborne weapons acainst air targets had been 80 tar negleoted by Cer-

mAn niiitatr leaders, largely because the central agenoy in charge of

rocket defolofnant (in the Arij'Ordnanﬁi'OfIiod (Haorosiaffoniit)) had

no suitadle airborns rookets availabls.

;
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- The tolloving two goale were estadliehed for the developuent of

" the 55 = airbdrn‘kiuaponl_'

Gorrupondiq to the developuental goals of the 5O AR .onnnon.' the
follorins'tOro ;;t as foqulralantill .
1. & lightwelight sutomatio 55 mm airborne cannon
: é. a heavy, 1.e. long}ranso dutoiaﬁio 55.11 cannon,

~As regarde 1, adove, a lightweight automatic 55 ma elrdborne cannon

~ was to be developed as an offensive weapon tor use at a renge of up to

~ approasmately 3280 1%, Every a1fort would be made to achieve the highe

cot firins'ipoed and the lightest weight pdﬁiiblo, oombined with maxi-

lun'eanQ'Of'iﬁatallatiqﬂ. The smwunition was to have an iffaotivé

- renge of up to 6560 fi, and the sxplosive charge of the osrtridge, to

be doaigﬁ&d_tor t iinq—typb_piojootilo, vas to be ntllqdat'420 & It

-at all feasiﬁlo, thé'dana oarfridso, utilising 450 g'of'ttplnaive, was

~ to be used ror the hea#j'Sﬁ ma airborne cannon as well,

Aﬂ'fﬁslrﬂﬂlﬂ; QBOfO: n.hﬁaiy 55 ma airborne nannon'nﬁi to bp'de-

- signed for oartridges with high mussls vhldolty. Eo'that it could be

enployed as a long-range weapon 1or digtances rroi.jzﬂo to 6560'ft.
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Moreover, the veapon vas 0 b dusigued for seml-rigid, 1,6, stadilised

 {nstallation, e0 that artillery siring methods could be applied, It vas

to be for use againgt air and gronﬁd_tnrgetp.”'Iti'haxiiui.pornislibli

~ weight vas :ii'tt approximstely 1543;5_153-” Depending upon tht’lionion

lt_hqnd. tvo typiu o1 amsmunition were to de duioldpcd,'uiué projeotiles

vith an explosive oharge of 450 g sgatnet air targets, and Iragzentation

. grenades and ar:br-ploroing projodtllot‘againa; ground and naval targats,

ASLA\LT t . 4 __‘1 B.t

b, Teohnologlos
1) Amaunition
 a) Mussle velooity = 1966 fg/ac¢ond.
: bj Minfmum explosivs oﬁargo of 420 g h§xogcu-aluninﬂ:.
_o) Percuesion tuse vith selt-dfisintegrating mechenisa sat'rpr
6560 tt and 32;3 ft mﬂszlelﬁafety . -
4) cartridge'or';taei

:e)’FUse cap for electriceal detornstion, répulated to work withnout

- fail =t 18 Volts and relativélj-iHSEHBitive to icpact vibration

-~ 2) Weapon

a) Wearon systea optional; movadble parts to e kept to a
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 from right to leit.

winiwus 5 the 18tereets of saxiwis tiring speed.

b)) Mussle braké to ensure e3reotive nemtralisation of re-
6oi1l fotuoi_ihiﬁh'llght d1eturd the lelﬁdi 0t tha weapon,

o) Dasign to perwit fnetallation in the tuselage of & tvin-

engine airoratt.

p’“d) Peeder bolt o tunotion either troa lait to riéht or
[y, Elcotrﬁpneumatio f;fing ﬁhd cooking meohanism,
‘L) Elootrioai detonation, . .
. s) Fuﬁotioﬁal fﬁliability*ai acceleration up'io_thfé& tilts_
gfﬂund felodity.and'at -60°, . |
h) Doslgh to de defolopod jiih an eye to the sllpleai pqsqi-_

ble produotion mathods,

1) Die-ocast parts and welded ghaot steel to be given pre-

 fersnos over shaping by outting,

| J;fbifo'of'expendnbla parts to be at least 1,000 rourds

| 'rithaut any dianlignnant-OI'the weapon nﬁtpoapabld of correotion by

'oooking.'
"i) Us§'offunr#tioned'and"subatitut; natq:iﬁla;_
3) Belt .
a) Gollapaible link ﬁeit Of aheet'steel.'
. !heﬁfollojingIroquirelentﬁ vore st fﬁr’fho heavy'55 ln:airbarno |
oannﬁni |
.7 1) Aﬁ;ﬁhition:

a) Muzsle vtlooity - 3280 tt/second.

ey e mpmy T

B T S L e T .
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-%thg ux.115, which roprosanteﬁ an appreoiable loiontifio advanec.

4y

© ®)¥ine projectile #ith 450 g exploaive oharge for use sgsinst

.'”- .’f “r€it.-'.

o) lrnor-pioroing or hollor-ohtrel proJaotilo; for use aaainst

'air targtta.

a dJ Arpor-pieroing or hollow-oharge projeotiles top use against

tanks,

| i) lrlorﬁpicraing Ifragnentation grenades tor use agﬁinht |

. ground targetas, lcrohant ships, éndllight iarahipa.

t) Other requireasnts regarding prajeotileu, oartridges, oto,
wore the sams aﬁ tor th§ lightwcight 55 am nirborno cannon,
| 2) Yeapon .
'a).Piriﬁg spccdllsﬁ rounds per ainute.
- b) Maximum weight ot -ouﬁtod ;oapoﬁ 1545;5 153;

o) Othey requirexents were ihs same as tor the lightweight

55 aa airborne cannon,

3) Belt
a) HeQuirouent; vere the saxe as for tho lightweight 55 ma

airborne cannon,

Dﬁfelop-antal work oﬁ the 55 u-'airborno ocannon was oarried out

"hy the Rheinletall-Bornig-Oolpany, with its nodcla HI-IIZ and II-114,

by gh. luu:or~conpany,'tlth 1t;;nx.214/3 and rith an intoroating 1ntar-z_'

lodiate-etngo lodol. tha autOIatio Kikh}9, alao aalled the HI¥214/1.

tho Krupp Gonpany, rith ite oxporinental nodol HK-412. and -- onco 1

' lstin - the.Rheinnetall-Borais“Oonpany,*Iith a reaoilloas Jot Olnnon, ' jf]g{r

"l"lr'\-ri'-'-".i..'r."u "‘f"’f_;'"- 1T . e i . e - e .. . . 1
1' -t . [} - - ." . . t ) )
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'_tho atago oy amployment -« ut the very end of the war,

BT

" A 64 the css ¥Ith the 0213, developments) work was carried

~ out under the supervision of the Specisl “lutonstio Cannon® Commission

- (Sondorkoni:hmh 1or '*lut,oii.u:ohs Xanonen®) in the Mini ot'ﬁ' for Arma-

nent and Yar Produotion. Ihldh.Ill {n ohargo of dirooting'dtVllop-ant

~ for ull the Wehrmaoht branches with a vlev to atnnﬁ:;dilins douign

thonover pOdniblo and Ihioh vag authorised to dotariini pridrity.

Only in tho oage of the 50 ma HI-214/1 Iﬁl the devolopuontnl Iork

| aotually oonoluded. and this vas tho only one of the alx rhioh reaohod

Other nodela

were finished as far as the vorkshop vas oconosarned, but were still being

tested by the firss in charge of their developaeat. During the last

. years _ot'_ the war, work oould bda continued only d a very slow paage,

because of other, more ufgont dsvolopnant,projtatu”tithiu the framevork

 of an sall-out progras sponsored by the Speoial "tutouatio Cannon® Com-

niaaibn. The 55uih oaﬁnan Ias'roiognxad to thé'haokgroﬁnd in view of o
" the faot that there was no longer any hope of opnpleuug' {t ﬁ'ti-;

for its effidtivo anfloyﬁont at the front.and; in part, bloauuﬁ ad-
| 7&n§ed'ln the rookat fidl& had rendered it oﬁ301§ac§nt; By thQ tiaas
the iu{ oaxe to an end, hovever, thare had still been ro final &giqiaion
as t§ vhioh of the two parallel llnﬂs 6f devolopasnt bught to be drop-

ped in fa?or of oonoantrating-ohfthe othar one,

1. The 55 ma Airborne Ceanon, MX-11

' The KK-112 wae a recoil-operated weapon vith mass-locking bresch

- like the MK-108, whioh the designed hed used as a model,

" its teohnologioal wpeoifioations ;ulfilled.'

On ths whole,
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Eth‘o" liﬁﬁ‘.lliﬁﬂ rlciui;i'_o.nﬁhi‘fl ':t.'!'ﬂ'ﬁg 'PON}OO roundi per '.Ilmiﬁ;. | “ight
606,3 1bs; mine projeotils with 4eq'g'gxplo§tv§ chufgdg total weight -
3426 1vs; iUillo velooity & 1968 fi/ladond. ¥o way had hai# found ae”
;'yot; howsver, to stendardize the projeoctile with tﬁat'of the hauf} %
' airhorno_oinnon. - .
2. Zhe 55 ,;- ”;;mrgg Cannon, ui:-_{iz

~ The axpgril.ent'ﬁll"nod'ol MK-412 had approximately the nuo_. per-
" forasanoe oharacteristios au_tho Hx-llé. and was even ioro advantagaau-
- in that it veighed only 597 lbu;“ It.tad-douignﬁd €9 & blbtbaak—operatcd
veapon. The muﬂ;a folooitr had ‘Eoién. inofeaiod by 164 ft té 2132 £t/
seoond, o _ -
| f 5.'ng"§5 an li;hggne'dnnnon. Hx;ilg ggg #K~214{B
. The heavy 55 ma oannon HI-INI _a.nlld HI-21"4/.B had ﬁaari designed
‘o tire a standard oariridsolintandfd fur.uﬁo bj'the antiﬁirorﬁft ;rtlllery
- foroes aﬁd th§ Navy as 1011.' The wine proJeoﬁilo to be g;gd had an ex-
','plbstfo oh#rsa of 0}99 1bs, a weight of 5;96 1bs, and a.luiile ielooity.

- of }290 ft/ueﬁond; fh@ 1oapoﬁs thenaelvei 1or¢‘tithin the put;hlisﬁed
3 uigﬁt‘ limit; the Hg.ulfr 'n-euﬁﬁ veighed 1'“435-.5 1bs, ma the nhmi-

I-otﬁii-Boiuig HIh114;_1545;5 ibq. Both weapons hed a firing speed of
; 150 founﬁg per ;1ﬁuto; . . .
i m 55 mm Afybome Cannon, ME-21 4_[1

The l.au'.udr Goipﬁy wap u._aiglnoﬂ the tnd_k of do'r'el'o:ping 1ts 50

na antitank gun, the XWK-}9,




ﬁfio . _'g*”

" {nto a poisible teaporary snswer o the nesd for & 55 a3 sirboras cansor.
- The t'[,jg vae to be chansed into lﬂﬁutOIQtlﬂtoapOHSjtht addition of
_' i lq;dlﬁé lever (Ladesoheinge). '!ﬁe iidpﬁn hﬁd a.iiigbt'ﬁf 105814 1bs.
With the-nii loadiﬁg ltohaniau, g.tiflng'ipded Sf 145 rbundl'pdr.-tnuto
" was achieved, In may opinion, this lOthOd.6f d§;010Pl9nt-?i_f011§l01
for the riret time in the 0ase of the MK-214/A -~ vas the beginning of
# kihd ﬁf buildiﬁgablaok ayatﬁi in ordnance design. I believe that,
"'if #onatruOtive solutions of thiu type had ba&n_purqgod systanatioally,
& high dograerpf.atundardiaatian and oonaequontly an apprtolaﬁle:ainpli- '
f'fioafion af'tho produotion processes aﬁb11¢ablé to tha various categories
of wveapone uu&d by #11 the”!ohrnaoht'branohas -1gﬁt have Baeh aﬂginod.
 The pr&raqﬁiniten. nﬁsoly the standardization of osliver and -- insorar
ao'atandardlieﬁ'pfbjootil#a.roro put of the Quaitian_i- a£ )qaat thi
use of standardised cartridges, h@i been oreated for the Oernanfiobr-“'
macht by-the'Lnxunitioh Gonniaaioh (!unitionuko;lisnion)."1ho MX~214/A .
f'_had been developed dri#inally'ao an airborne Ieap¢ﬁ for upe againat air

targets; it utilised a mine projeotile with an oxplquiva'dhargg of 0,77

©its. and & mussle fqlooity'bf'296fi6 ft/aagbnd.lt iaa_ﬁlsﬁ designed
. for'inatnllﬁti°“ 1ﬁ.oloﬂﬁ-ﬂuppért g1r§faft aa.qn antitank_guh.ﬁtiii;ing_
irlor;pierbins tragnentatiqn'grenaddi-uapahle of pﬁnqtratin3 arndr pl#t-
N iﬂﬂ 65 ma thick ‘ﬂdtith a strength Of.229-5.15&/12.'h5“'fif¢d at an
gngl§'of 60°, - - . .
5_:;_5‘ Jot Cannop, MK-115

" In my opinion, the basio prinoiple of the Jet canncn r°pr°?’“t'-;"";fti'3;;££¥é?%;;é

!.'&

& highly elegant and proiiging solution to the problesm of 1arg¢-d;11b§r_f o

airborne ocannon, To be sure, this prinoiple, raﬁiligr'sinca D#fis('ibrk; 1i{f;; 
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‘necessitates oortain 1iuitations an far a9 fnetallation Ls concernsd,
~ inaswuch ad \here has o be & vAy for flare-baok geses snd oartridge
bits to esdape unhindered. In addition, more porder ie required, waich

moans that the ampini tion isighs'apprdxinanoly twioce a8 wuch as & normal

oirtridsh'br the ialo'dap&bity. Thh'araton of the rtéoillboj barrel,

hovever, has the great adventage that the gunmount oan be designed with-

'_oﬁf any regh}d tor radoil'roﬁotion;  Thue, even a 55 am weapon of thie
-design would nbj havs b&én.toq haatj to préaludo 1n3t51iutioh-in'thé'iiﬁge
. of an aiforﬁrt.: Provided that a iﬁrkable jot ognndn can be ddteloptd tor
" the ooubat range betwaen 3280 and 6560 ft; 1t seoms likely fhﬁf veapons
- 01 thie trpa.iuat Se 317§n oﬁntinuéd condidotation-baoahaa"qf thsir .

| bdttgf ballistio ohar&atqflatios, unless rockets with oomparadble Yiring

acocurssy oan be devaloped,

- The MX-115 met the requiresments sstavlished Yor thes lightweight

55 am airboine cannon, with one exception ~=~ the gas jet had to esoape

s

unhindered trom the rear, Itﬁ weight 1&5'397 lba; 1te rifing speed

300 rounds per minute; and it achieved a mussle veloaity or 1968 1t/
 sscond with a projectile weighing 3.3 lbe and carrying 0.93 1bs explosive
. ohargs. Ths cartfidsﬁ.¢33°! ﬁicapt fﬂrua”shbrt motal bQIﬁ.Oap, taufnsdo_

" of comdustidle cardboard -- something entirsly new in the rield of air

armament design.
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48 the Oh#l] bolbdr lntatlont oontiuuld, tha oconosntrated dittn-
c

. alve tire of ths lurgt bonbor unitu forced the Gor-;ﬁ”fiéhtnr units to
oarry out thair attacks from rtrthir and farther nta;'und to dinsontinue

~ them at a muoh carlior'atago.” It s jumaterial 1rom the point 6flvict.

- 0f the oonutrunt;on englineer rhother or not other faotors Ay also have

| plqyed a dooiaivo rele, During tho ueuond halt ot the tar. aftor Geruany

- had diaoontinued hor own bonbar attaoke on England. the tightqr 1orceu

weore nada up to a not inoonaidarnble degres ot tormer boanr”pilots
vho had beon roaualgned as tightur,pilots and vho were dttun acoused -? 
" falrly or not == ot not”aohitvlng sdequate results in thoir'notqoapaoit:.

" In order to fﬁoilitate thﬁir_offauaivq aotivityj the fighter toroes r&#

queated otteneivs airbvorne srusmants oqpablq of being used efteotively
- Irom cuteide the rnnngOf'tho enoiy'efdefensiva arsanents.

B, o 0 - Airdbo rr 'o tation Rocket

At that time the units at the tront vere also experimenting iith'a'
viev to devising aonoin&ans 6f‘diaporain3 the enemy boaber foraatione

at a.rnnge of 4920-- 6560 tt, a0 thax the real attaok, carried out by'the

5 fightaru' airbarne arualants. aould be launohed agalnut a dieorganised

xy for.ntion. | 1 0@, ﬂg&in‘t 1’01&“"’-
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‘distances. As was

“hezd “exploded in -the inmedinte vicinity of the target,

'iirerirt'iith]n iuih i'fdriition-' ror thia purpost. thtr Belaoted tho |

210 um iortu' sheéll t’l“d by the w. IMI!J‘iM it ror th. L'Illtilflb

into i 210 ii'iirbornt_fragnonthtldnvrooktt'iithii‘iiii fuss vhioh

~ oould be regulated. This rooket, veighing 247 1be and equipped with an

80-1b explosive hi;d, ¥3s suspended orpsriuanfally ﬁndéf'ihn ruiilngi
of & number of fighter airoratt and then tired from a range of 4920 -

6560 £ at the bomber unit under attaok, The distance yas caloulated

with a.r;fleotor sight acocording to the taféﬁt basls 2 thod {Basis am
Zie) Ko tho'de). | According to the reports received f;ﬁm the '.fm'nt &.t- that
-time,-thislﬁethdd pf-attﬁck'pro?edjuns&tiefﬁbtﬁry tecangse of the fusge
_rangé;“ihiﬁh”waﬂ"tdd-inergﬁt'fﬁr airhorﬁe'armaﬁ%nts;.End“bécﬁuée pf'the_

‘nzthod af rance caleulation, #hich was sizply too vrimitire for long

“the case w»ith antisirceraft artillery amsenition onperated

by delayed+action fhaze, good résalts covld be gohieved only when the war-

Y. A, Ths "Sjg'_nit temnce ¢ of the Rockst ss an Al rborne Weapon in CD:ﬂ_p_&_I"_;l soNn

e TR R e e - W

| the Automatic Airdorns Csnnon

e b
CE dmkm W - B - e e e el e W _OE s e e e e gl Bl R AR e e Sl

T have alrezdy stated in Séction 1II, ¥, above, that Gercan experts
considei'cd tha limit imposed by the fastors of waight and feasidbility of
inatallation to nave dbeen reachad bj’thé'55-mﬁ airborne”danﬁon,“and_that,

therefore, in view of fhefatagé“échiévéd in the field of firing technigues,

‘ne sirborne rocket was of great inpdrtancé'for*wéapbnsfﬁf'lafgef calider.

In oy opinion, the CGerman rocketis then avéilable
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' oould Bave besa nproved with respeot to otertor ball{itis portorsance
;nd"ririﬁe'iaourlai,';hd*iltuou;h do definitive evaluation of the poteat-
"fa1 taprovement could be wade betors Osrmany's oipitulstiony I sa con-
: #inotﬁ thﬁi th&f could hafi been dtvologi& to the point thi;i ihty oould
have competed seriously with the 55 me airborne cannon, the MK-112 eto,
Ny stateuent should not be mto_r'prated ‘o ﬁply that th’:._ heavy ocannon,
the MX-114 and tha Ht;zijfB, would necessarily hnvé_futfoit#ﬁ thelr im-
| portanos for spaoiﬁl trpea'af liﬁalﬁna. 'Still,:I oonaidoroJEthat tﬁtae

heavy oannon oould be or real value dnlj in oombination ﬂfg srtillery

* b firing prooedﬁren and mathods, the appliocation of whioh 1niairborno arma-
;éntl é&ul# be Of.sreﬁt slgnificance. Ceruany, horefof; in the sixth

 year of the war, had najther the tine nor the oapioity to.otrry out qfn

| feotivoly'the duvelopnenial iork requ1red'by a projtot*oritnttdtOIarﬁl

the future, Nevertheless, in my opinion, this is the only line of devel-

opaent whioh orfers any prOdeot ot #ucooas tor the ruture, when a'fightef
~arm vill be forced to do combat againﬁt sup&r-fuﬁtratb;io bombare which
"1111 not Qniy oarfj'loﬁéar#ngdzdefeﬁni?o wﬁapons capibli 0} iéotins at-

taok fron all direotions but will a19§'pfobabiy fly-st a{;itudia.bordur- |
| 1ﬁg on tﬁo ntratoapharﬁ."ln;ordir to prevent uﬁbear#blj heavy losses, .
 gombat of this type Iill_hﬁfé.to be ﬂa&riﬁd out troi l'sto#t dist;ﬁnh."

" 1,e. from outside the range of the enemy's defensive fire, It seenms

Wk eyt L L i

| cigﬁr that the rigid firing -ethodn'uaod by the fighter pilots hereto-

T fore
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Quite apsrt froa the ad-antages oF 1ightdr veight and its favorgdble

iuplications for the performance of the ajroratt, there are {mportant

~ techniosl advantages which argue for rockets ae the airborns vespon of

modern times.
| 1- !lﬂfﬂ gun |

- The ocomplete roocket Armament for an airorati is sasier to manu-

 taoture than the armament ccnsiating ot an autonatioc canron and fts an-
_-unition;’ Thus, the produotion process is faster, cheaper, and requires
o fetér *Orkera =« p;;tioularly highlyv-akillod iorkorh- In eddition, in-

 sofar as my $ntormation is aocurate, it requires only a fraotion of the

machinery needed by a plant devoted to the manufaoture ot sutomatio

" T4PONA,.

Moreover, the mamitacture of rooket armaments requires a ter susll-

 or number ¢t ravw materiels -- espeoially conetruction materiale -~ than

that of autoaatio teaponé.

e _dea:_-g.tigg and Hainten_a_goe' |

fRodkct arlaiants require fetﬁr'peraonnol and less time in'Bot7r4_

~ operation and maintenance while in aotion, They are less vulnerable to

the influenos of olimatioc raotérs end extreme ocold and are thus more

reliable, Wear and tear on the launching sschanisms ocammot possidly

 yeach ths scope encountersd in ths oass of autoiatio ietpbnn. Yor this

reason
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= ihi need for ooutinual eupply of epare parts is Bat i¢ gffit.
.Réoibt &r-llintl.oiﬂ'b! NOXe it!ily?}E&iflod i¢ 1no¢fpofato 
: t.¢hn°1ogio-1 advances, Oﬁni&foiéﬁ tﬁ & ROre poidrful ind.iara pifrdqt'
model oun_be aoﬁlefgd more rapidly Jus to greater qaue"ot manutsoture,
- and new nodolﬁ oan be'boftef'iﬁtegratid into aruaﬁenf'planping'than
. the introduafioh'of i-nti iujoiatio vo§p§n'ﬂnd the.ﬁonfﬁraion ot fhe

¥

'airoraft $or its inatallation;

B, Lrﬂrﬂg Qﬂg ﬂ
ae Mm_h_ﬂmwmﬂ“em
_Azmg__o.

Even prior to thn tar. Ger-anw'had experinented with rookets

¥ilaﬁnohe¢ trom airoratt, apéoiricslly“tifh the R:-GS, thioh had begh taken
over from the lfny Oranance Office. The 21-65 vas & torerunner of fhe

- antieiroraft urfiilo:y rooket Rz~75, which was utiliced to some etﬁent
diu-in.g the _laLat ;onthﬁ of the iu- as a part ot the srmament of the

- rﬁoket-propolled fighter "Natter” (deor) The auake oylindor R-65 i
vas & apiniqt;bili§e§ rbokot ot‘65 R otlibof-rith'eleotrionl lﬁnﬁohiﬁg'

..leohanial. iithathruut'duraxiﬁnof one-third esecond, it odﬁld ﬁdhiero
a maximum spesd of 902 ft/a&cond.' During the course ot the ver, oxp;rif,
ments on this rockot Iﬁto diacdﬁkiﬁugdglhfter .

" & = Translator's Notes Theltern "gack e cylinder 15 baaed on Loidooker. R .;,g;

Gernan-Engliah Technical Diotionary, Volume II,_page 6473 'Hnnoh-
lylinder - CODE for rocket reloased trom & righter airorait. -
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- and arnoerieroing shella, Moreover, the 30 aa and 37 mm tungetan-oorc

o nutmt "Mmaa mlriuuoni mm o bnug about ttu dulr«l

degrés of tirln.g REOUTROY. '!'ho nin reasdms tor in intutt‘ialont nomaoy

at that time vere the uneren oolauuption of tha pmoPtlltnt ohnrst and

” tho'conllqnant one-sided drift effect, whioh resulted in a corksorev-

shajred trajsotory. Because ot these early ixperiudntsj-latir developaent

- was restrioted to surtace-stabilised rockets,

Apart trom the 210 ni'tirborno_rooktf (s00 pege 43 of this etudy),

~ rooket armament in Gerwany was needed the most urgently tor use against

" the Ruseian tank's, due to the in'a.doquaoy of supply ahipunta of oannon

—ibn

awrunition vas able to aohleve its full penstration effaotiidness.only

_upoh'dirﬁot impaot on unproteoted armor plating. Thus it would have been

obuﬁl&fﬁlin any ocass after thé introduotion'of sﬁraani tor the Rusaien
tanku;' fhio.iould have neant'that.fhe only Teapon ﬁvailablo raﬁ'the 50 .
an airdborne oannon with #rnor;piproing fragnentatiﬁﬁ 3renade'ahells;
These shells were oapable ot penetrating steel plating 65 -n fh1ok.t1th
a.atrangth ot 220.5 1$h/l32 at an fupact angle ofIGQQ;.'

In the beeinnlns; th.e_ developaental iork on a.ntitink rooluts took

" recourse to tho equlpnent and indivi&nal parts ot suoh equipuent alreaﬁ:

detoloped by the Ar:y and then aought to -odify it tor uae a8 airborne

~ aquipaent, The rodkets “Panzerschreok™ (tgnk terror) and "Panzorblit:ﬂ '

> (tankglighgniﬁg), both surfaoe-stgbilized by rigid teil assesmbly,
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Cwers exedplés o1 woh Aray squipsent. Deetgned with & Besd of larger
o ﬁilibi§ (iirhiaA o&n;ttuoicd on the Eﬁllﬁi-eh;:&i prinoiple); doth ﬁo.—_
'itiutd iati;riotor? arlqr-pitiolﬁe“6iplbllitj; ﬁut nere 1n§i§ibio'of

R dtfolopiﬁg_ﬁﬁffiqiﬁnt velooity. Thess rookets were lausched from th;

'_'lir-Orart from ralls attaohed to the undersides of the wings. As many

rails as wers desired or as had room under the vings could be mounted
and the rockets were suspended frb-:thﬁi.by shoe moﬂhtiﬁgs."Tha;pockets

wore fired by’eledlrioal'detdn&tioﬁ from both wings at ihe same time,

~either in jairs or in sories.

b, The Coels Set for, the Developrent of the Luftraffe's Osn H-4/H

et g * e il e P PR w0 - . . Ee o S Wt - - LRl N B . 1o - - s =g -l sl

‘and_R-4/BL’ (Panzerblitz - Tank Lightniag, Fo-I1I1)
§ithin the framework of its own program, the luftwaffe estaovlished

the following gozls for rocket develoument:

The main prenise in the developmeat of rcecket aracments was to dbe the

- genievexzent of a warhoed ¢ontzining sufficient explosive to ensure ihe des-

-*truﬁtidnvbf a Yieavy boumber by a diract hit; the amount of explosive needed

ads that waich h2d led to the 55 mm camnon &s an airborne weapon (see page

-

.:: T ooy
34 11,

1"In'0fdérftﬁ“fitfitwfar the'desired"tﬂﬁtiéal'eﬁplnyment, tha rﬂcEet

~was to ve eauipped not only with the warhead designed for
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" thet it «as ﬁo larger in diauotir than the rogt 01 the rocket when

49

T Againlt ar tarroti (re:ttt dillgnillou t-{/i). but also tith [y
 l1t0rnltl Itrhitd thr-uli &gtinat tnnko hrookot dttisnntion l-4/HL-Pb
"III)@“ !hi_nﬁtitshk iarhi;d vas to be 80 construoted as to eneurs tho..

 destruotion of any tank sutfering s direot hit at any point,

Beosuse of techafeal tactors connsoted with the siming socuraoy

oY thatroqkatu, they vere to be daf§10ped a8 surface-stabilised piojoo-'

tiles vith the highest possible maxiwum velooity.

Hbroover; in the intereste ot easy inutalhtion, the dineﬁsions'bf

~ the warhead and the propulaion unit wers to \M of the eame oalidber.

" Thus, the tail sssemdbly vas to be dcaignad a8 & oollapaihln unit. 80

folded together.
fhe TOooketn were to bs g0 designed that they could be rired from

reils and soreens as well as trom tubes and grids, and in the oog-truo-

 tion of these launohing mechanisms speciel consideration was to be ao-

corded such faotore'aa ease of conatruction; 113hteat po&iiblo tejght,

- and 2 Torm daaigﬁed to jeopirdiio the winc¢. resistance ot the sirorait

as little ri poasible. -

Q. g mlogiog Regu g:gggg sgtabng Qr the Rp_gkoti R_g[l_i

\nisag

1) Rookets B-4/N and R-4/HL (Fb-III)

" Both iookota were iﬁ have afiaxinun'vdiﬂoity'or apprbxilatqu

: 1640 ft/seoond'rith.a thruut duration of‘approxinately'ono aeoond. ‘!ha

'arhead :or'use aaainst air targut: tas to oarry 1.1 1b oxplontfo dharso, a

nnd 1&: to ba titted Iith . peraulsion fuli'lith aolf—dialntegratins "

. Ieohanisu rogulattd to go into aotion after 4920 ft.
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_"!"i; varhesd dosigned 107 ﬁiiitiﬁitx morod targets i bo de g-qnn "
o gtﬁitfiiiﬁe qriérid plating 90 s thiok iith.i -trhngth3df 22Oi5.ibt/ '
ma” at an fupact angle or 60° (hollor-charge prineiple), .
o ~ The mokot: were to be atn.'b'll_it'ed by umi&r surlace t'i.ni. .rhioh,
 in tf.:rn, "nﬂ 1o be du_lgnod a8 & Sio:lla.pn-l'ble tail +'ﬁnstibiya | ‘!hu
- omhp:inu’_ﬁu asseably, rhon'_tetfiotad. -“ tq bo’ 'ﬁa ..lgr'gii"' in d_lue_t&
" than the _body'o'r the roocket, .
EXeotrioal detonation vas to be e.plqua.
Shdé'sﬁspensidn was'to bé:ﬁtiiizﬁd 80 that:the.?ou%etalﬂdﬁid:bé car-
Lo ried along rails as a supplementﬁrg, edsiij mounted dlemant; In-thia_vay,

the mczets could be launcred frox tubes znd grids even without shoe fit-

“tings.

As far 83 mass production meﬁhbdé-ieré'nancerned, the roﬁ%ets wﬂre §oﬁ
e dESigned'for_eaé¥ eanufacture in that:scacﬁlied'bdttlenéak parts, with |
thetir complicﬁteﬁ'prﬁduqtion =ethods, wefe bj”be'avdided;. For exanple,

 thé cage was to be mde of welded shee* metal rather than as a seamless

- n ! .",':!:'.::..l_l.1 R

~-drawn tube.
. 2)Y Luuriching Yeclaniscs
2} Luuriching Yeclaniscs
The launching rechanisng, fitted with an adjustmeni device, were

: to be designad for installgtion underneath the wings or under the fuselage

Trmet,s " )

of the aircraft. They were to beé of the followirng types:

Foorsbo e i

'a)'iﬁdividual l&ﬁncﬁing mechanisg:(fdrﬁéinglé=rocka£3) -

v b e iy

AT

1) lzunching rails (for scverzsl rockets arranged in & row)
_¢) honeycozd grid (for sevorsl rockets arranged in @ burdle) L s

‘The last two réntioned above were to.b&*&ﬁhipped'yithfa'r9133<311tch in B ﬂf?if{?i?ﬁ3
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er rnukttl in oloso luodiitiou in cuoh i tny thtt tht ltﬁnﬁhiic 6i-éﬁi_'

oould haro no ditriuint;l iftoot on the next ont.

| 15 regards the grid. it vas to be dasigned rlth sorodynanlo onning

nnd vith a vievw torardu the ohoapoat ponalble lnnutlotura. sinoe 1t vas

- to be treated as an orpnndubll part, to de dlaoarded atter the firing

Ot thﬂ rOQkﬁtll

d, Y

!

Deapite ths taot that develorments were srd#tly hindered dur-

" ing the last anth#'of the war by the enemy's disruption of prﬁduotiou_

and tranuport taoilitiea, the detailed tork on thess tvo rookata was

'A.praotioally ocompleted, Fonetholo:a, it van the.inadoquatu produotion
ﬁnd tranuport 1uallltlos ¥hioh made it 1lpoaaiblo to manutacture enough
- rookets for really offeotive tonting and -~ later on == to pr071d§ a
- basis tor mass produotion. Hot évren the Speoialiut 1n*charge ot Weapons
and Anuunition (Sondorbenuttragtor 1ur'Iarion undilunition), Raioha
| liniatry'ror.Ar-anunt and War Produotion, wvho ordered the Roocket Dorol-
opnonx ghiot (Entricklungaraleront lﬁr.Raketon) to tork vith him, i.e.

'Iith tho !anllor Projoot Staff (lrboltuntab Inluler). during-tho last

nontha of the rur, was ablo to aooollrato;roduotion, although he possosu—

e cénsidersdble {afluence in thil field, Under tho oircunatanocu,lof

cour:o. it was inponslblo to reaﬁh a dofinitivu evaluation on the basie

- of extensive tiating. ncvortholoau, I belieave

Ly ; ,,."_'11'4;;:'.,4-'..1"_1;1-__,”_.,l;,_.;'l!n..l._;.. B I




' 52 '
.thni ihii roﬁkot Iits 1ti tio tnrhnndl ou ilth % l l'l‘i inldlifl oLarso
" tor uie againlt nir tarseti and & hollor-oharu hud :or ugd egainet '
tnnka.-- oould hara baen dovolopod {ato t.hlshly tiftotito tanpon for |
mediun tnd oloua-rango oolbat. Both rookatu (Rn{fﬂ and R;A/HL (Pb-IIf)j.:
veighed 7.7 lbu, were 809 ll.long, and vore oapablo of achitvins A BAX-
- imP velooity ot 1304 rt/naoond. Tho‘diapcrnion_pajtern_roaulting fron
a salvo ot eleven rounds (roockets stored ﬁd:t io one another in a rrame
1nstallod under the 'lnga ot tha atrornft) at a dintaﬁuo of 656 ft. was
o 12.5 x 13,4 f£t., This was oqnaiderably hattgr than the regults _attainod o
" by any prw_icius German mokof;: nﬁrooﬁri “the B—4/l (R-4/HL) had an added
| mmm in that. almost twioce n_-m} rockets as of w .other type
qpul& be stored 'in the same oﬁmq in ordunder an nirdru't.. fho only
: preréquipito tqs'that rockets atﬂrod_naxt to ons another had to be fired
'in.oiaoi sucoession, in ordor'to avoid tho;r having any'effoot_on paoh
other during and after the opening o the collapsible oo'ntrol.suxl-fmu.”
- Thie lateral shift iﬁ tha lﬁlfnt of tiriug was oonpanuted for *ury

tinply rith the oleotrioal launohing mechaniam by means ot the already

" mentioned relay ofirouit.

- ¥o Ihe Lannching Meohanisa

1) Fraas, Orid, Rooket Launoher

The individusl launcher and frame for thirteen moketa_
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thi_olitha' R-4/M rookets

 € 5,_

7--.t¢rod ont ntxl [P thn athtr -har no innovatioul ll rtr ti-donlcn ll

B ¢onoorn¢d. thty hA& the ditsdvgntugo or ollorlng qult¢ n.blt of wind

rollutanot. In nJ oplniou. the honoyoolb srld ihmnh oould ba ptru;q!intly

B inutalled in the alroratt oY tho one 1n 'hioh the rockets oould be stored

B 1n disposadle, atrnanlineﬁb toar-shaped oontainers aluutoréd araund a
. BeT4EN oonter upindle'rurc rather good proposed aolutionu to the pro-

- blea. The oap and tail units ot the utreanlinod hull toro to be dtapoaad

. of imnediately-bo:oro the sirorart engaged in.aonbat;' Ii.itu”nltlnato

donign. thoe honayconb grid wae ta'bo made o1 oardboard tubes, Conaidcr-

adble thought had deen given to th¢ poaaibility ot doaignlng a oxrdboard

oase in whioh the rocket could be paoked snd :lrhioh, at the same time,

might bs used as a launohing tude as well as as an eleaent of an apprb-

- priately dealgnéd rocket trame. By the time the war ocaue to an end,

there had stil) been no attouwpt at an objeotive oomparieon of the in~-

fluence of the various types of launching mechanisms on the firing sc-

Guraoy of the rooket.,
In addition to the launohlng naohaniela desorided above vith thoir

toohnioal roquireuonts. the Sielana Apparate- und Hbtorenbau G,m.d,H,

"(Sienana Equipsent and Engine Goupany, Ltd.) kad oonatruoted an autoi_

natio rocket launoher; The firat mnodel had baah completed shortly

" defore Gornanv'a oapitulation and vag beins teated by the ooapany.

- Thlu laundhor wasn relatively'ainplo and. 1n oonpariaan with antomatio

te;pons,_oonparativoly oheap to n;nufaoturo}”flt vas a device from
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ss voll &3 \he ameunition of ih-gutoiiiié ¢¢nn¢ﬁ:¢oui&:ti.1¢un§yéd'ig:
'ébn;ooﬁtlii bufstui&f'firo;*~fhd ﬁi/S& iﬁif&iiisnid'rﬁf inetallation
| ln'thdziine;; t° aidi&.thi_nadfifiod_in'tijine spesd othervise ocoasion-
ed by thé usual ;:ttrn§1 éusp#naion o1 %he rookets. The rockets Yore
N .tl‘od into the 1mmmr_br means o1 a disintegrating bdlt; The "".-“"
~ of the Re4/K iai 3r¢;t.enough to permit the onfryﬁng of tvoni:-fivo
'*'rqoketi in gnp"bolf. Any longer ﬁblt than:thiu would have roqui:od .

" feeding by means ot an external propulsion unit. The funotioning of

the mutomatio launcher was as tollows: the warhead of the firit rooket

in firing position rested on a loter"whioh activated the tesder iqohan-

* iem 88 800n a8 the rooket was tired, thue automatiocally bringing the next

rooket into position. The eleotricsl detonation took place by means

ot & etepping relay adjusted tor intervals of 100 lilliaacénda. From
the 1iret contaot of the tuse to the departure from the launcher, the

R-4/M took about 50 to 60 silliseconda., Osoillographic measuremants

dhdrod that the tiring f&looity'or'thc’RA/SS'Iaa approxinately 50Q/60O

" rounds per minuts. Completed shortly betére the end of the war, the

© Jeunohing device had a weight of 55,1 lbs, Assuming that the firing

soourasy of the R-4/K rﬂckot'rgg'adoquato. it oan Vs taken tor granted

. that'thia.typd df'autbnhxid4tiring airborne armament, deoauss of the

considerable saving 1ﬁ'ieight it parnittid and because of 1ts doubly-

aigh tiring performance at a nedium rango'df'ahout 1963 f4., would have
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‘riolent penstration power

upluu tho 55 RR luht umm camon ln the bulm&u. | h \ha 1_4/

"'HL (Pb-lll) rookit; 1t prtlulubly wuld hnto bitn A voloont ¢ddition o

%

'tht tirboru mumtu of the oclose-support urorut as un.

Mmlmmswm

By the time the nr oane to an end, tht developmerk of the
a-loqlss,‘t 220.5#1b. surtsce-stabilized 210 ma rooket with maximum
missle vaiooity of 1476 tt/aooond agd &h.incendlary'nhfapnol ohargi.'

a8 running parallel to that ot the R-4/M 4nd the R-4/HL rockets, The

~ R~100/BS represented s new developaent in the 210 ma airdorne incendiery

- rooket (see page 43 of this study), and was also designed for eaployment

againet enemy airoraft tlying in olose formation from a range ot about

7 6560 ft. 'At tha.urgiﬁg o1 the reasaroh dir&otofn, @xperigtnta had been .
- oarriedoutio test fha'valﬁo of'# suggeltibn to'thp ettoot th;t approx-
'7’iiatdly'750 bits of uhrapnal,'fillad'iith an.inoendiarj'ohnrst,.iight
be released from the Iarhﬁad or the 210 - airborne'ghrdpnel roﬁkot.
"'ainultaneauuly iith.it§ dﬁtonation;’ In coptrast to the ipiﬁ-qftbili:&d
- 210 ma afrborne éxpldﬁive_rookefj.in"thd oase ot the nurface-atnbiliied_
- R-100/BS rookat_thero'wta.an additional-problelg in.that the inntidiafj' 

o bitqg by’thd_tiné they were ejoﬁted. vere no longer flying along'a'

stable path and thua'roffoitod too much of their penetrstion foroe as
a result ot their gyrations. The aim of this developmental work vas
to devise & method vheredy the entire shrapnel oharge of s rocket qould'

be disoharged trom an aperture angle ot 120° and would still retsin sut-




.ss._.

R md 1nundim sireotiveness :.t . unu of 326 1 “‘-” mecrd he ““"’“'

“tion of s bombar, |
By ‘hi "holt had resohied the rinel -'at.as'i”or developrent, the
- R-100/BS rooket atill dﬁﬁtaintd ippréziuatiiy 400 1nueﬂdlury'§tit1o1ei
| df the 33/44 type, eaoh one weighing 55 g..
Y1, Specisl Yeapons

" The result 61‘ raoojnendﬁttom ooming rrﬁ_i the .frOnt and aﬂnin.g out
~of the dissatistaotion pfai;illng'iecaule of the rapidly slﬁkiug figuroi
on oNnony niroraft dorﬁed during the laat years ot the war, the tirst .
apgoialraapona made their appanrano; in the 1ora of iulfi;barrolleﬁ
: zﬁ'li'firing tuhis. 8oue Of'then syen recoilless, whioh vare designed
: to be'idftioally 1ngtalied_aa sﬁpplenontarj'teﬁpona.. The plannud —Othod
of enployloht tas:aa110110151 after the initial attaok.ﬁn"the eneay
airplene, oprrieﬁ ouf with ﬁrla;cntu mounted in the nose ot tﬁo.Gerlnn
.airoraxt. the iatter~tou1d rlj ﬁndor the enemy lichine,'ﬁnins'ﬁp.all
 its reuaining enmuni tion ;ﬁ once as amall shot. _!heao suggestions wvere
taken up by the'_dﬁvolnpnmt team mﬂ the armament induetry. Imiaiu.oﬁ
a§ thﬁ'piinﬂad ubthpd ﬁflﬁiployﬁaht.proted_to be 1lprﬁotidablo inlédn-
neotion with the 20 ma aalunition"ﬁolaotedﬁ(aino; itﬁ effooia were inad-
oquato), ths Rhein:etall-BoruigrGonpany.bosan'lork on & 30 [ lulti-
barrelled tube tor uao Iith HI-IO) and III-IOB munition. _Tho ucﬁnd

atage ot devolopnant brought torth a 50 | lulti-barrolled tube. The

" teochnical deta of these special weapons were as rollows:




=
. 'ti"  Qalibver ° Fﬁitia Vé1§-;PTiiig§j"¢f length o1 No. or - Yoight
o m oity tt/as0  Bhell /1 Darrel mm  Barrels  Loaded /1
S —— — - E S
$0-116 0 2616 013 1600 oy
'30;117' 30 197444 l: 0;73; 590 _: m.? | 15403
80-118 30 5744 073 590 7 a4
$-119 30 15744 073 s30 108
%-500 50 -z 330 sy s 88,2

- The anp&rlarity of the last o1 ihasé io.be dai#loped -+ the $0-500
vith its rivalso ih drajnfanﬁl tubes, which were ejeotéﬁ tovards the
"reaf atter tiring in order toiélininate recoil -< was olear, not only in
-:ronpeot to_toight and 1aid leﬁgth, dut aleo 1ﬁ respeot to the dtfnntating
otfﬁetitoﬁeas'of'thﬁ oingle 5ﬁ mE ghell with {tse explosive ohargo ot .
_5'550 &s . .
;; fho'fooo111pus’tubuﬁ had tha advantage of beiﬁs'daay'to prodﬁco;
820 that thoy.ibuld be trogtod al;xpindablo.aupplioa.Thoy oould bi.

- inatalled'eithjf_horigontally or vertioally and oould be utilized with

~ the appropriate aﬁnunition agaiunt either air or ground targets. When
_5 "_ used againﬁt_air targﬁta,'iith.thq'djraatioﬁ'of tire above the ﬁiroraft;
- the szaunition vas sntomatiocally raloaﬁodlby ionﬁa of.n photoeleatrio
;'call. -hgn the vé;tieally inatﬁilad tubes wers eaployed ﬁgainat fankn;
an"iieotrloally operated firiné'leehanial i;s to.ﬁe usid. By the tile
.tha Yar ocame fo an'en&, th0.56 ll feapons for'ugoagainat air tnrgotu'

 were just rdady tor :l_ntrodudtion at the tront.
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-In.tdditioﬁ o thn dtrolop-ant of rtpld-llrln;. llrgt-enllbir. su-
Z-tﬁla}io iiipoﬁi and eliiﬁtiti tulunltion types, Oirltn dolignors ls0
gave & 's";od d;;l o't‘ time tnd attention t'd"tha tnt'“ai‘ inoressing the
oomdbat ofrootivunaln &f the airoratt by tinding a pranthnl oolutlon to
the gunsight proble-, ln othar rordo br 1lprovlng their :iring auuuraoy.
- It 18 oommon knovledge that the otfoativencus ot the bonbnight in
 'pr§-oting:firing-aoﬁuraoj-depands'upOn s ngnhif of rﬁotoru - #arlpation;
.dirootlonal aﬁcuraoy. nlghting-aoauraoyj coinoidqnoa OYroY, adjuitlont
(-J : prror. (In adﬁitlbn. taotora eonnoatod-tith.tho gun ¢an also play a

role -~ errors in sither the rtapon or the ogrrilgq, bnoklash.in the

. daso of meohanioally operated gﬁn atations, or tranemission error in

- the case of ralota-oohtrolled movable stations.)

-i; The - Iinear Yh-controllnd Gunsights for blexlbly'kauntﬂd ieapons

1-_—-----**-‘-----—1- Lol -i--—---—-----i-

iy — ey -
----—-I--Ir.---*---—----- -l---- -------—-1.-.-*-‘--
-r

- ._.....-...—--—---.—--—-—-—-I-'Ir-i-f-i--i

-'fThé“desiSﬁ fectors pertaining déflébtidh in"cdﬁnéctlon“iith

g (- -"Hovﬁﬁly4ﬂ5un£9d'iEEPOﬁs”led:firﬂt7of'all~ta tre construction of a linear

Y -controlled guns1€hi ihich.wes not affected in any way oy the distance
E |

'”df.t*e'nneay tavget., ﬂr151nally it was equipped Iith mernanical line of

‘gight, which was 1atar altered_to“ﬁptical*liné_cffsight. Due_to"th81r

| can9trﬁctién,"guﬁsightS'of“this tyre iéra
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ooupm vith the "1:mﬂml__ mu,;._;.,- - n} um o: sppropriste ‘sdjuste
-iiht:_ar' the 1ine of sight depending -up;ouj (he Tiring position ..na the .
variable design faotors of iuitli_ieloélty tﬁd thi*ipidiflo'ieldﬁiiy'oi'

” tﬁd iiéht, fh; ;iaht took into connidefatian only that degree 6f.difloo-
tion caused by ite din'udtion. Yor tbﬁ oonatrdotioﬁ ot this t;po of night,
the reqﬁirolﬁﬁt tqs'ﬁut for a focﬁﬁf—bntad.dofleotioﬁ tfigﬁgli, in whioh

| 'tho'luiilo velooity ﬁﬁd apeoifiﬁ ﬁigﬁt velooity viotoru ahowcﬁthp riﬁhf
'§iso and looatidﬁ for ovofy possidble poaition of the weapon, making it

' neoessary only to add the two together i order to odtain the ocorrsction

'ooﬁrao; This ﬁonutruotion was defeotive in that the speocifio ﬁight Yolo~-

. L
.'fi \ ) :.

~ofity veotor set for any given airoraft speed naturally resained constant

~ even vhile the ajroraft was engaged in oombat, and, as & result, the oor-

N reotion'for_thﬁ velooitj.of the tnrgit had to be oomputed ovqr"thy le&d:
- ‘¢irole Of'the.éight'in'ﬁccdrdaﬁCE'iith'the estirated tarqet velogity'and
the anzle of flight. The“diréctioh involved in the carfection-fﬁr t&rgef
g. | - pOSitjnﬁ lay along the gﬁnéral'cqursﬁ of'the'aircrﬁftfé”lcﬁéitﬁdinal axis.,
‘The fire cons was aired in such a wey that the target ran through it,
 € . - : Tha prodlem df”iﬁstalliﬂg'Sights-ofiihis type in'the-exiSting Sun~
 ﬁduﬁt5”ﬁi£hou£f1initinE'tﬁéifield;bfoirE-and'iithout'jeopdfdizing their
'aérodjnamically-fa?nrahle'ﬂdrm 1ed t0 a nunbrr of ex?ériﬁeﬁtal ﬁonstruc{ions,
~ pach. based upon ard ﬂédé-subordinéte'ta"thé type of Eount bongernedf”“lﬂ later
lhodels"ﬁf°th9'Yﬁ;éight; themechanicallineofsightconsistiﬂgﬂfaback-

-

Ugight and a’circular ‘or tudbular miuzzle sight was replaced,
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by & refluctor eight of éxtremely elaple desiga (Revi-16) in an affort to
{mprove the sccuracy of the instrument, The nev conetruioticn had the ad-

‘vantage that the operator oould see the backeight and the target with equal

olarity and that his eye vas not limited to a single point, a3 vas the
case tith iﬁe buﬁkilcht and_uuiaIQinght oonntruotlﬁh.'but oould rove
about within a restrioted area. The disadvantage inherent in all the

V. ~aiphts was due to their position (nccessitated by their construction),

~which zade & margin of orror of & 4 uravoidable.

B. The Coxdination of the Reflector Sight ard the Telescopic Sight

W e i - —— - - - £ SR - g - RS

Por many years thﬁ“fighter aitofﬁft wore ejuippec with reflector

‘sights ot familiar desipn. In order to make it éééief"fﬁfﬁthétfighter*pilnt

to recosnize and observe remotely-located targets, a new reflector sight

conbinad iith*an'eﬂlérgEd telescopic si§¢t'was deviged on the -basis of re-
"Quireméﬁté Stemﬁiﬁg'fpu;ﬁEprriénee'g&iﬁed'at'thé*frﬂnt. - The te]espoel
“unit was ben® so %hat the viewpiecs lay directly under tne raflector sight.

In this way, the pilot oould identify the sagnified irage through the tele-

could follow the lighted lead mark of the reflector sight siumply
» his eyes, i.e, witiout havirg to move his heed at all. As hereto-
sctual firing was -bzzed on the reflictor sight., Althoughn the ori-

‘ginal regquiresent spécified a telescope with threefold szznifioetion, and

&lthough such a sight ¥as actually constructed and issued for testing at the

 front, the sights finzlly introduced had a tele. cope »ith twofold .megmifice-

tion. The eveluation of the front units on
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‘Ahe distrarnee water were all contained 1n one cuse,
“gisht oy w2ans of ‘a otary carrent LYTOSCIDE  Ore

Fripgnt of the rrojestile.  In the

yersgion, the Rayi=a2 (whidﬁ'was clzs Tar less

ferding of tha emrrdetion

_11551

the nev eighte vas extromely fevorible. The fnordaesd dIff1sulties s

inetallation caused ﬁ?.tﬁi srrengensnt éf‘thc'ioiiiddpi'uiit'iiiplf_ﬁsd_
to be acocepted ae @ necessery evil,
" In order to relieve the gunner of any need to think while operating

eithar_a'rlgidly or a flexidly mounted iqibﬁﬁ. automatio gyro gunalghia

were developed (the Revi-EZ-40, 41, and 42) vhioh were capadle of computing

“the mouuu.ry correction during rapid ﬁinlng ard 1iring from the relative

angular velooity and the distanoe (¥hion could be adjuatid_dﬁ_tho gune
night) iifhout refnrpnou to the position of ths airoraft itﬁelf." Coapu-
fution of the distance vas carried out in anﬁordanoaititﬁ the térS&f'béﬁiﬂ
EEthﬁﬁ; *In.the RE?i-Ezﬂdﬁ,_tEe téleﬁéopic*sigﬁt;'tha gyrdécﬁpe unit, and
The correcticn was cor-

slative angular veloei iy snl? the diatunee adjuaied on the

o

cting on two levels, ¥whose

functionins wes slowed or stesded ap depending upomn the tins of trazjectory

n

“e Revi-41, and also in th 2 n2war, inproved

urin: stand»aint ), Lﬁé“iﬁﬁfviiual*Fuﬁ¢tiuﬂa1-ﬁhitslof the sight

ted Troi onz snother in oirdsr to Reep ‘o sotual aising devicz as shall es

zozeible (ir swhe intoreats of ooperationzl ease) and 1in crder o perait the

datn into tie romote control unit when
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.'=tan iudoptndonl llna of ol;ht tai tupio:iﬂ with rlIOliuoﬁntrﬂllid. rltxibla
gun:iiitioﬁt. A tar 86 these iutolatlo.aightl vere ooncernod, ﬁiilhof._
 f'tho 33-40 nor ths EZ-41 had cuooooded ontiroly ln aolving tho pfobleu
“fot a ahitting in the line of olsht, 1naaluoh a8 the afabilliitlon_of the

:-optioal linc of sight after eaoh deviation of'tha syraooapi tobk far too

¥ - -“ long. The 33-42. on the other hand, vhich vaa 1ntro&uuod during tho laat
year of.tbe var tor usgse with the rigid.veaponu of the flghtor:alroratt
and.thieh was designed to do;putﬁ & maximum oorteotion'of't 12° at a
 '61sian¢o of up to 3260 ft, w88 80 ptrftat teuhnioally that ;- so far Ll
'ZI an.lnfbruad - 1ts'uuo reuulted in a quadrupling ot the hits soored,
The tofal veight of the équipment -. oouprising gunuight; adJuntlent
case vith two potentiometers fof oalibrgtlon of tho.qat in accordanqc_

with flight epeead ard type of weapon as_coiparad with cogbat altitude,

tvo correction indiocators with serirp-ragtreint rate gyrosespes, arplifier
and s¥itel boxes, twn altafﬁating/dir cet curren t transforaers, and the lever

far”adjuSting i stonce (whieh was insts1led ‘on the throttle) -- amountss to

'230.57.1b3.'and rerresonied, in nv Spinion, a significant technisal achieve-

ant .

D, Tm-"'E_Iec't”x_-ical._Ha':z-!e;..j] onputer and ‘7'1re ‘ieleqsﬁ__fiﬂ*c*hf_l_i 315, Blind

Hiring _E-f::_lu}: ent
As 2 logical cdhtiﬁﬂﬁtion-of'the;deﬁélnpﬁental.pr05ram Just des-

ﬁfihed,'aé-the'next'ateﬁ'désignera *ﬂ'atﬂd-thEHEEIves”td“the'development

o an electrieas)

R
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autmo. conpater, ui‘_l_fn&h vid laver coupled vith an sutonaVis rive Feléase
 moohani am diiienid fbr uge vith the 216 ii'iirborn¢ explosive and lhripﬁqi -
.makut'a.f ‘fho raQuirgmonil sat tor tﬁ_o oxﬁiriﬂnhl device mn.im suto-
.ia-ti'e range ;o.pﬁt;t_ion" vith continusl ﬁporin.miiﬂon&.'r@ﬁﬂi dats on
" the £2-42 r.f1,°t5r'ﬁight,frith.an ovarail o;pao}tyrango ot frﬁ_ 820 to
| 6560 tt., and acouracy of lumr;unt dom to 164 ft. The problea vae
:"'iolféd by regoourss to the impulee ;ethod; vhereby a trﬁnunitter sends
| -out.ahort iarﬁ groﬁpi in.rasu1ar loquonbo. iﬁioh ird fbflooted'foi the
. target, pi_&cd up _by a reoceiver, and _trmat‘ouod into hﬁ'ulus’ih_ioh are
;}f'dldireatly_intd tha reoﬁivor together with the wave groups coming frdi 
: ':.thg tmnithr." Tho intervale bohaen'im o”rigimi and tha.rof_lmteﬁ
1.@;.. give the scope of tha doubl e di_atance.. The ﬁaauurg pover for
" the 'ndjuutloﬁ of the dl stanos sot'qn tﬁo gundght ._nm obiﬁn&d fron a

- gpeoial nplifior Ihidh transmitted it to the _mtolatio'aight." In addi-

“ ::tion,'. the diotmqo _ouild be ra;d t‘m a dial at_tmhoﬁ to the amplifier,
ﬁia squipment was perteoted by the end of the war end faﬁ a]ﬁ&df in
. pr-ooo..ss of 'bein.g t.osted'. . . .
- ; - Phe famight with sutomatio r#ngo_ couﬁutltion ia’i developed further
(Iith 't}ﬁ.ho_'lp of _lotlhods 'bﬁpaﬂ on"'.visib._le 'ultrﬁﬂﬁlﬂt lisht) into &
®1ind ﬂriﬁj-. inutmmt to Sa 'ufililéd in non-illuminated night tighter
'.opergt].Qnﬂ-.. - B;r the end of': the .war,.m a_rpériuﬁt_al nﬁdol vas r.fudy .fdr -

. testing.

FRAT I ML P A B g g e Fri gy - pe

A e 3 R L e LSO P Tl bt T

-

Oy Pl
i




o

~ bomber airoratt tuseleges (elimination of the bottom gondols, 040.), more

‘simple armor plating, and enlargement of the sightipg_aﬁd_firiné f1o1da'

& ainglo'field of vision iare”de?OIOpld for remote-controlled gun stations
| (ih order to eliminate the need for a gunner). Panoramio telescopes were
" also needed for uee with rigidly mounted defensive weapons designed to

" lation of periscope sights was complicated and ﬁdatly. they were hot used

. 1n_flexib1§ gun stations unless other types of sights had been tried and

" found unsatieractory.

the size of the image. Kt vaa tound that 1,5-told magniriocation and a
| acopéo. vhile l.B-foid -aGnifioation'aeeiad to be best for:pOrlﬁodpio

- that lagnifiaationltas

de & result of iuéh taotods 4p more fﬁfﬁfdblo aerodynaaio design of

- of th§ floxibla gun stations, pirluoopo sights (panoranio telescopes) with

f

be operated by the pilot and pointed torards'the faar, Singe the instal-

It wae impossidle to set up complets xeohnloal'apooifidatlona for
pnrieoope“aighta in'the baglnning. ainge there vad_no body of aipﬁrienoe
to dravw on;' Ap tar as optioal aspeots were oondarned, a falatitely'ulight

nagnificaiion was speoitied inassuch as a scale of 111 seemed to reuuce
tield or vision of 45-50° iero most furorable_fbr'thé rétleotof_tele- |

oightn. Experilints carried out at dusk and duriﬁg the night had prpien



hghly signttioant, sfnas 3% teoslStated \he {ddatitication of objeots
‘weak in ooﬁiriii;in the dark. Th# field of vision of the expsrimental
periscope sights ranged tTom 40 td:55°;“'fcbt1n§'hadial;b revealed Akxt
 the uénoiiity for feiaintnsnﬁﬁbbﬂifﬂﬁtﬁd nstural vision in the uge of
these periiﬁopio aighta;. ﬁbroovdf it iﬁi t@uﬁd.tﬁat periscopes with
. rigid eyepieces were more ooufoftgblo angléaaier to use thﬁn P gunﬁight
stand equipped with retleotor eights, in.othpr Iordﬁ that the torﬁﬁf ﬁaff

 mitted the gunner to conoentrate better on the aotivity of the target.

" Thus the periscope sight contributed to inoreased aiming acouracy. In
e . aﬂdition;_iho uas of perisoopes ensured arhighof degroe or'f1ring zEX

aocurasy in that they elininated errorb_dua to detleotion from the line

.of aight; errors which were unavoidable with other guﬁaights due to thﬁ .
';'faot that tho'iino of'viaion.raa hlantod.nnd the lenses ioro qot abeso-
lutely parallel iﬁ one another,
Ihoﬁ‘tho iar came to an ond."thero vas otill a gﬁoﬁ desl o1 'ofk to.
. be done in the developmdnt of the Pdr£oo¢P0 ﬂishﬁﬂ: particularly in re-
gpeot to ease ot thsir-nanuraqture and the problem o1 dfandardisinq.tho
- yarfous parte 80 that tﬁéy'oouié.ba”used 1ntpf¢hangeably iﬁ the.p&ri-.'
scopic sights to_bt inetalled in thﬁ”diffﬁrdnt Gun atﬁtiona'oi a_bo;ber.
A bosinntné ﬁad buaniﬁsdo in buiidins-blooi conatrﬁotion,.'hioh'neanﬁ
 7that_th;.aal0 pértago§u1d be combined iﬁ:difrerﬁnt.vﬁré to build'iho

* 7 various kinds or sights needed for the top gun posltion, the gun turret,

~ and the belly gun station.
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- The siibli"ri!liétbi tiltio0pii*r6r ute vith rigidly mounted, resy-

~”?;1:iﬁ3 veapons iofi'intréducid iﬁ iiritiaif‘br'difligint iddili.'ioli 

© with retractadle eyépiecs shanks and some as standard telescops barrels,
- 411 depsigned fﬁ.be out of the gunner's way duriné_ttkﬁ-otf.a#d ltndlns.

:'aper#tiona{‘ In order to enable tﬁi pilot to 1ollov & target &pprotohing

 from behind with the same dégree ot certainty, & requireaent was dqtab-:'

1ighed to the effsot that the sight wust aleo provide lateral images,

- which ==~ however == could be upside-dovh,

?lllziéggll Shot, Shrapnel, or ¥ire salvg
- as Dofinitio d A oatio
In ihe proatnt seotion, the terms qlall'ahot, ahiapﬁal, aﬁd.tira
salvo are used in acoordanoe tith.the rollo:ing darinltlons. thidh_rdiiéot
fhulrhluaniﬁg'in oonn;otloniith the rield ot airborn§ aruamenti

"1, The small ahot volley dependes ﬁpon the etteotivenesss of a

~ large number of projeotiles and projeotile partiolaa'firod simultaneous~
1y, or rather within a fraotion of a second arter one another, by the

ﬂvdisqhargd or a single shot.

o 2a Iﬁ_tho oase of a shrapnel ahot; the ahrapﬁol oharge of a

'__'gronade fitted with a time tuse isﬁhurléﬁivioloﬁtly in the general t£1ight

‘direotion by the selt-dieintegration orf the tuse,




[
‘,..I""" .

"3, The Serw ealvo rerers %o the diecharge of §ndividusl shots

'}'fﬁﬁh a nu;hir'bf“iitﬁani,'iithor’ai!ﬂltqhtduily"bf in very olose iuuaiii

. sion,

. Prior to’Iﬁrid'i&r II, the use of emall shot was restrioted to

- hunting == with the exoeption ot the old-~yashioned shrapnel shell., Saall

shot is the leyman's beat oholoce fdr_ths hunting of partridge, dupkti and

haroﬁ. for it is common knowledge that the ohanoes of hitting a 2lock of

 partridge 1rightened into the air or small game on.tho run are uost favofable

'_Iiith suall shot, Applying these oﬁh&itioni to the field of aerisl qdnbat;
g4 ,,el,'Ibgiail to axpeot that here, too.’iiall shot iight offer proa-.

. poofn of su00ess. (Priof té'thin time an #fte:ﬁt h;d been;lado'to aohieve

| fha douiraﬁ eftoqt by'firing six to eight rigidly'nountod veapons sizul-

taneousif.) In the ocass of aerial oomdat, however, the individual small
shot or shrapnel partiolds had to be so construoted th;t the} iofﬁ really

oapable of ocaueing ths neosssary degree ot danage, Ws have'alrgu&y mén-

" tioned iho 33/44 incqﬁdiaxy particles used ip tha 220.5-1b, ehrapnnl.
- rooket (ses peges 54 and 55 of this study) as Cersany's yirst spplicstion

o thia.priﬁoiplo in aerial oombat,

- Beginning his work in 1943, the Eungtriqniszieutenant Zettl had

been experimenting with the possidility of a saall shot oartridge for
| airborne.arua;ants and had reached a rather interesting oonolusion. He

" had disoovered that seven to nine fairly ﬁﬁali ehells,




;é_éa
arranged eithin & spiral-shsped hsing, could b packed 1nto & large
dﬁritidﬁjzin-luoh i;in? thii'thl7hlﬁrhackﬁwogl& a?féot_onl? ihe rrééVMH}f
H-? o ofthvlnat,outﬂrmoﬂtpre;twtile(unin tep césﬁ ﬁf'n-ﬁuﬁ~cﬁlihér 9fdjeé;
"iilﬂ},'?ﬂile {re barpal of t&u"firﬁt'prbjﬁﬂtile e S in"Pﬁéiﬁiun”in-the”;idﬂ

d‘-"‘

"dle of tho shell. At the moment-of firing, =11 the projeotiles wera set
in moticn inatds the spiral-sheped ozsing end were 3isonsrged from tre barrel

in rupid ciccession., In Gercany this discovary wes tricd out experiaentnl-

. | 1y with seven 15 incsndiary grengdcs {for use with tae 53=151), ﬁhich

aere arczngsd in the sbove fashion in a 50 mn oartridsa (50 wur ‘alrborna
“eanron). Tne mizzle v2locel ty bhotween the rirst vl last grenczdes showed
no mire thin @ minor variatiom of a few feet in the trial shaots., Thna dis-

- peraion'p&ttérn waS”]ikn'thﬂt}éf_a mpohine-man. The'aﬁﬁlication'df-this'

principle to live incendiary prerizdes was dependent only uron the devising
of & fuse imnorvicuis to dlowback. After a nuzber of preliminary exgerinents,

a ne=, liquid-activated fuse senaitive to gasoline xa9 selected for further

devalooment.

R  Thme s3all-shot theory also found erplieation in the mlti-terrelled

speoial.weapéné déve1oped-on"the Dﬁvig.priﬁcipIE"dUring-the"last'yeaf"of

.ugé | . | " the ;ar'(SEé bagésiéﬁ/ﬁ?)-._

* Re 3, shove: '

*'witﬁ~the introdustion of rsckots in firing tubss for use against armored
1;':JE |

Jehicles, the application of the fire sslvo principle was sitosatic int

B 'Iﬁftﬁaffe; It was
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8 logiosl Baxt step 1o ehoot off Vhess rookets Sn ertés in order to fn-

 oreass their tiring socuracy,
b |
- For purposes of comparison, the neceesAry toohnipﬁl data ror the
weapons desoribed adove are given holdv;° If.ii inaiudo”;he'Sﬁ nn'nifirﬁlt'
ouﬁnon in thie category in tha_intordats of ooiploteno-l. veo hafo'tﬁe fol-

lowing pioture:

int fn G - Type or(Eff;ot/
| | - Welight in onbut Range Weight (1%s) of
fIPF of Weapon ~ 1lva. 1. ~ Explosive or Ine

‘Typsof Pire = &
Cendiary Charge o o

qihﬁﬁ H14112 + 30 rade - 826.8 . 3280 ~ wine/ 0,926  dbursts of tire
MK-114 + 30 runds - 17%0.9 '”'492Q ' uin§/ 0.992 burste of fire

o | | . R;4/H (automatio
- ; rocket launoher) . . - | |
a + 30 rnds S 28646 1968 ming/ 1,10  bursts ot fire

4“ .

- R-4/M SIaundhing
grids (2)) + 26 -- | o | | |
rnds 2579 - 1968 ~ mines 1.10 - fire salvo

. 3-100/33 (1aunch- | o | | o |
" ing rails) + 1 Tnd = 253.5 6560 1incendiary = shrapnel
o | tragnontation

Ly

 "Zett1"® vaapon

projeotiles) - 1968 inocendiary - emall shot

.~ §0-117/118 (round

" dillet + 7 rnds | L B . S

30 ma ammunition)  154,3 1968 inoendfary/  saall shot
"_.-1nq/'o 187

- 5G-119 (battery of _ . - - : S
| i tubes + 4% rnde | . | o | | X j - SR
3 o T 30 ma axmunition) - . 1968 " inoendiary/ ~ small ahot S T
3 S | 1 T | | | : - - 04308; R S
_ | L E y - mnine/ 0,187

- 850=-500 (5 tubes +
- 5 rnde 50 ma ammu- | R i C .
g nitiﬁﬂ) . 88.2 3280 | ﬂiﬂﬁ/ 0, T?l m11 ﬂhOt
| - | arnor-piaroing | .

" L) -. 0 0 ) -
N ‘.. . . - f
) . L} - )
T L e T T SV s
" - ) . ..-.'.. - .. : - . " ) ) .
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Taking intﬁ oon:idtr:tlan the oxporicnoo gtinaﬁ tith the sutOIitio

ounnon, the fbllotina oonoluitoni wers (ratn 1rom tho duta oontuinod in

- the dbova tablal

T If a fighter airoraft tduld be armed with tttntyeéix_rookeia;

‘wounted on rails or gride and fired in salvos of six to eight units with
. tnréet oorrpbtian, then it was tairly certain that any large bomber re-

~ oeiving a hit oould be completely destroyed, The same result oould bs

achieved with two asutomatio rocket launchers ueing appréxi:atily the

~ same amount of awsunition end fired in bursts. While external suspension
~of the rookets orsated additional wind resistance, there was a ohance th;t'
‘the 308.7 lbs of extra weight (two launohers, saoh with thirty R-4/M

~ rockets) could be compensated for by the @ors favorable method of in~

stallation in the wings or in the cookpit of the airoraft,'not'to mention
tho extra dividend reprasented hy the othar thirt: rookota} Inlboth.oauaa.
of oourse, the iirlng'rango vas linited to ap'_.-.latoly'1963 e,

~In spite of the bettor ballietio qualitiea aochieved by the MK-112,

" the squipasnt of the fighfor airoraft with one or two of these weapons

aaeipd less desirable than the installation of rooket lsunchers ;ﬁ deg-

oribted abtove, 80 long ae the combat range was limited to 1968 fto,
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.
- duo to tho flat thlt thi oyollo rato ﬁf’}OO raundi pir linuti fof tho::
NK-112 was oonoldﬁrtbly lola t han tho 600 roundl per linuto lohlifid
by the R-4/u rookets 1h.thoir_§r1d-typd lsunohers, end thtt thp"aalwq _
firi'of‘thﬁlroakei;'ias Iﬁri.erféotito. Horeﬁvﬁr; the 55 au o;ﬁpo;_
~ vae 80 he;ff that its lnﬁiallation precluded the ;notdllition'of a
- rapid-firing 30 in MX«108 in the fuoolaga; ‘It iai'i common praotloc.
hovever, to soudine the ut-;Oé in the fuselage with R?4/u:;§§kotd in-
'otalled in.tha .1ng;;' ' '
In ay opiﬂioﬁi th§ utililﬁtlon of suall shot againat alr-tﬁrgati'
would have lsd to very fatofgbla_rdaultsg Tha nnail ahot'raﬁponl vere
| onla par wvith the upeolalited'r&apdna_is trontal guns or as aﬁpplelentnl'

yertioal armanents, It ia:true. of course, -- as &xperienc4 has shown --

~that queouss:u1Wut111=a£1on'of the S0-119 (bati.ry qr tubes with 30 nn
aayunition) as a frontal riiﬁon (#a.pfuposqd.in.tha Julia projﬁot+) pfa-'

| éupposed that at least four'of.tho grenades iu;t laﬁd within a aiail
| trea.of‘a b§iber in oxder to ensure its dostrﬁntion (ﬁeo pago‘jé of
- this atuﬁy). The 50 11'30-500 Ias_bj far the lput phanisinsj_inasihah
as it oould de uiod at a range #p to }260_ft3.'1t was not poisiblo'to

- adcﬁlulata_an adequate bﬁdj éf dxp&riﬁnco'onfihoue iﬁéoialiitd veapons |
f.hf.thﬁ tile:tho'tﬁr oalq to #n and.; I supptot thatfiftaon SG-500
| lgunohing tudes ;1th fiftaan 50.§n[-1ﬁa ﬁiojiqtile: '6uld.har§ btqn.far

superior to

4 - Trmalator 5 Hotm | Julia - GODE tor & liqutd-rooket lotor ponred
* Heinkel ,1n81.-p1auo targot-defans- airoraft in whioh the pilot lies -
" fn a prone position and the uinga are dotnlard inolinad (Loidodker, a

".Opl Oitnl v01“0 I' Pﬂg’ 42?)
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tto cﬂd lmomu ch tnnty-au l-ul/l Nohtl. thioh Nighod Jult the
. eaRe thtl'o uul lhot ihalllp dwtloptd ror 'y 15 aa Iupon. Iud to bt
| tbandonod duo to tho 1nad¢quutt o#erall olf.otlflnuan of the 1ndividut1
S projectiles uakins'up taog aholl. 'In addition. tha braeohléok roprilcn-
ted & good deﬁl of uitltii'iaig&t.“ Rather than enlerging thaziﬁdifiaﬁll
o ptojiﬁtlltn; itniﬂuld have been bottgr_td use shrapnel grenades to achieve
- fhe.aule effeot, Although tho'diupofaidn oone of nhiapnti Iaa'dtili tob.
wide, aapdoiﬁlly in surfaaé-ut&hili:&d ronkdta. tﬁo latter had the aﬁ-
_vanfago'that they could be used agnin#t.enoij bb;beri'flyiﬁg'iﬁ'oloiﬁ
 formation from diatnﬁqcs tro to thres tines gfentof tﬁaﬁ.#ornally. B
is a result qf the oqﬁsidofation digoussed above, in my oapﬁoity
ag Chief of_Do?aloPuant; I advoﬁated the tollowing standpoint at that
 timel . . o
| rqr the purpose of bringing the largost podaible arploaitﬁ and inf
;'oqndigr}'ohargoa to the iargot. roﬁket arlanentﬁ wers narolbffioienf
than autqiatio oﬁnnan; in the firet place booauso'of;thoif coneiderabdly

. lover weight and in the second place bodauao'thqy-tere'oapsble'of'aohiav-

'?_1na either'qalvanirdf(analler'rock§ta)_or a ahr&pn@l'iffeﬁfl(larger
_.rockﬁta).f-Tho_ﬁoorér balliatioparﬁornance oY tha.rﬁoketi as ooapared
~ with oannon ammunition iauld have to Be.gcaipted a3 8 neoessary evil
under the pr57156 that ﬁouaiblo'inpfovqn@ptq*roro to be introduced 88
: soon &8 pqiaaibla.."'"'" In the _uomti-o' the rookets made up tor their deteot
:';bj the aheaf ot fifq released by the salvo shots and the dispereion cone

. resulting froa the shrapnel fire. Saaller-oaliber rockets of the Re4/M

" model vers plenned tor
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.|§aiui-r;ngi'dﬁifitjéhi.(ﬁpﬁi$ 1§65”itJ~;nd iiri iblvi*iﬁiiillid {n \he

‘airoratd aither alone or in combinasion with 30 xa sutomatis sirvorns

cannon, Large-o0aliber rockets 9t the R-100/53 type (a wedium-ocaliber

- 110.25-1b, rooket, the R-50/BS, was also to be developed) wers to be in-

stalled xX for ues 1rom longer distancez, up to 6560 tt, provided that
the 1ong-§hot srtectiveness of their .ncerdiary shrapnel charge should

pro?é”adeQuate to cause serious damage within a rormation of bombere

 under attaok, in other words it the rookets should prove more ocapable
ot bringing down eneay airqraft th&n the projeoctiles ot the 55 nam autof

- matio airborne cannon.

 In addition to ocket armasents, the S0-500 with 50 ma amsunition -=

& bundle ot tubes designed to rire on the emall shot prinoiple -« was

" another poahibility for ranges or approxinstoly 3280 tt, The 8BNS Wea-

pone could also be used a vertloal armaments iith automatio 1tiring
mechanisa.

It oan be assuzed that these 00nclﬁsiona vould huve Baon revisged

in favor'of the 55 nm cannon at suoh time as a stabiligation mathod por-

sitting preoislon long-shots should hgie been devised and'wideiy intro-

duced., In the event of such a developaent, improved firing accuraoy

'light have ﬁeen'oxpeoted even with semi-rigid weapons.

" B. The Single Preoision Shot

Even prior to the 1ntroduotion of rocket aruananta; the_Deva;Optent

DOpirtnont had initiated a projeot to investigate




L
..'thifbibbliiiﬁffiiﬁéii ﬁfiéiil@ﬁ ehots tron large-&sliver sirborne wvia-
. Ponh L‘x_pi"ril&;ﬁ:3m been 6&?1_“ out with the MX-101 (wuzsle :ﬁl&dit:.
. “of mine ﬁfﬁjﬁbtil{f?QS? ft/seoon§ ﬁ see p;ga 12 bffihii niﬂﬁj)-iﬁiqh vas
" already available at that tlli;"llt_hnﬁ_beon'tatfed as a rigidly sounted
: iaap¢ﬁ and also ﬁi'd so-oalled utni-fixed weapon, i.é. l&nuﬁlly'adjﬁst-.
~able, 1nata1104 in both oaqas in a ttinQBngine jult;seator."rhe tiring
j fansﬁluaed in the tests tdp 3280 ft, In fhe 0age Pf theaeni;tixodrea-
pon, the pil§t f1ef a steaﬁy; direot goursé (r@n—coufse) tovards the
t@fgef shown in his rigldly mounted automatio gunsight, while the aire
borﬁe gunner adjusted thi.teapon, vhich oouid bs moved within nerrow
'”'li-iti; to oonpenaata for any minor errora. 'Tha gunnar took alg through
. a largc;sile telesospio - sight (rem-courses target*apprOECE'bolqi thE'angle

so trat the target ecamot aescape). According to these ex;eriments”with_

thé'séﬁi-rigid"iﬁsﬁallﬁtidn rethod, a 5.5_f@1dainc;eaéé*1n'hits could be
expected iﬁ*firing'3t“air-;argﬁts”withaut raking corcections. At thet
' tinme, hnﬁ&fér,’this1prﬁdedurﬁ=cauld:ﬂot'be applieﬂ to geriel comhﬂt; 1naE—
_ﬁunﬁ as.ﬁn ﬂircféf£ ﬁ£tﬁckinE from a distanc9'0f53280 fcet would heve ﬁre—.
senited too easy ajt&rget:fnr'thé'¢0ncéntrat9d defEnsivé'firE'of'thé‘Eneuy
“porber unit., Nevertheless, the procedure could be utilized with such'1ong-
"'range~guns_ﬁs c¢ould be commnitted heydnilthe raﬁgE-of'the enemy'S'défensiye |

U fire.
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" During the tirst half of ths war, the airborne srmaments of the

- olosa-support airoraft were intended meraly to hold the enemy in check

duriﬁg'the approach tlights and to serve as an inatrulent o1 iolf—detenao.

:_.The'orfenaive weapons were the bonba.f'lﬁ tha_bEginning,'tht unite at

"the front were highly nkepiiual at the thought ot shooting tuaponu'au o

offensive instrunents., In my opinion this was due primarily to the faot

© that a good many German olose-support pilots had been recruited tros

| along torumer bonber'pilota, who were fﬁniliaf'iith releasing bomds but

had had no_training in tiring ieaponn:i thus retraining was otten neces-

8ary.

" At that time, a mumber of the close-support squsdrons on the East-

ern front were eﬁnippcd with oannon ror use as an otfensive weapon, and

" the suggestion had been mede that these airoraft be committed together

Iithbo-b-rale;sing airoratt in attacks against large.&nguy armored
units; .For it had'been.ObBerfed repéatedly that thﬁ.Russianutnnks da~
maged by enemy bombardment on their own tarriiory were towed afay in-  '
iediatgly to be rﬁﬁhired. Hordﬁver; instances had.bueﬁ report§4lip thioh

Russian soldiers hed tried to make it appaar'that their tanks had been

o knooked out of datibn by ﬁilply'abandoning then
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; ?6  |
flﬁ'iﬁi hope that Lhers would be no further attack, Thud tha iéitiittoh'
“‘:rorJﬁfiliiiﬁé ;:rbarp. cannon fn antztahk'bpufitgbni'wsu_ﬁo; 6uli t§ '
i"inﬁréaii firing ;oourqdy bui'alio ib anaurd_ioial &tatfdotion.“flt'ilght
.happiﬁ that a tanﬁ fduid h@ii.té ba'attaﬁkeﬁ'raﬁﬁ#iedlf'to make sure
of itd being destrofed__ Tof&l destruotion 'ag'qonaidofed achieved when

- the tank went up in flames as a result of the hits it had received.

- Tho'OIOIG-uﬁybdff'liroraft eﬁﬁippod,iith offensive oannon wers at

#diudmniasi in that tho!y.qmld oontinue thoir' attaok long- mﬁugh to
| bo oertain or do;troyin& thq enaay }nnk onlyhif there ina no.#ntiairaraff'
'.urtlllohy'fird'to interfere. Oonaequontiy'thay'rora 01 no usa-rhntaoove: |

- against tanke equipped with antiairoraft artillery, sinoe they would have

of fered far too good s target, Both'aaronaﬁtioal gapeots and fabtofs
;,partaining.to the target ideﬁtificafion p:uboas reqﬁirﬁd that thﬁir apyroach
flizhi be beguﬁ-at approxlnatoly.iﬂ 1968 ft, with un'aﬂglé“of 1042O° and
pmcéed &s close. as pas's'iblé'?_to' trhe t'a.rgét_. L2 fors opening fire.
‘The interest of the ‘elogé~support pilots in airborne cannon. was 'aiﬁken—
f -_ | ed et trat tice with the halp of special expérimental”’u}iité fron the develop-
cant arnd testing agericies, assigned '-t-r]. tenporary duty with the front %iﬁits.
5 Once the “"'pii_of had ':maete'fed." the_"attmxpr’ﬁ codiré and the teermique of pin-

" point boarardment,




| :'ij.i.
‘and had studied carefully the wesk Points of the Russian tanks, tﬁi"ﬁii
-~ weapon lﬁﬁ3505urbd or.uvaryprotptot of iuﬁéihn..' . . .

.'_'Sinﬁé th6 eup§1y bt:qv&fldbii'BO ii ¢lnnon_of the ix;iOI typs vas
:aOn_exh;usteg,.&nd'tha'nei MX-10} aia not becoae available until 1944,
.tha'dﬁiand for n;ﬁdr-piefoing ;aapoﬁs had to be met from antiairoratt
uftillorf and Army stores 1nﬁofar ;ﬁ ihie-tas.poﬁéible, 'Tha fo11oIin8

sutomatio aannon and typﬁs of smmunition were usgd_in anti tank opofational
~ Galiber Yeight of | Typs of Aa- Hﬁllle Vel- Weight off?? I

- Model em  Weapon/lbs nmunition  ooity ft/eeo Amso /g -

v P
W——_WMM,-.'

L e s

SY=100 30 397  erwor-piero-  1648.8 350
RN - | {ing shell | |

MK-103 - 30 U 308,7 arsor-pierc- © 1648,8 '- 350
| - ing shell

 BK 37 ma' 37 61 5_ araor-pierc- 1637.6 380
- ing shell |

BX 50 aa't 50 1096.4  armor-pierc- 2138.8 2060
| } " ing grenade |

.;'+ -.Adaptud tron the 37 mm airoairoratt artillorj cannon
44 « Adapted from the XWK-19 antitank:c;nnon -
The graatﬁr Iﬁight'bf'the 317 pa and 50.ll BX models had no appreciabld
gffeot oﬁ.thnit auitabiiityfor'uue in'oloaa-sgppOrt airorgft.‘ (Sag pagaa_
~ 40 and 41 of thig-gtudyffﬁr iﬁforlﬁtion on tha dovélopﬁegj of the 50_“3' |

~ airborne cannon into the [3'214/A')
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T
R hl?i llrnldy uuntionld.thi rtot that tho arlor-pioroing gren;ﬁl Qar=-
. Jtrid&a tlth a tunglton;aofa ahell waa not entlrelr utliatnotory booluni
("f i:a high degrao of pinatration eltootivoﬁaa- could be brought to baar
| only.againat unproteoted (l.o. by a sorean) ATHMOT plating.
. B. Bookets
 The highly unaatiafaototy supply &itﬁation iB.féénded YOQPQHEI‘DQ

solid-oore ammunition led the Devaldpndnt Department to undertaks exten-

eive experiments with roockets asa new means of coxdbatting tanka ihd to
'; - f ~ introduoe the results qf these experiments in.a nusder of olose-support
units; this work was oarried out with the support of the appropriate

branoh inspeotorate, the Otfice of the General of the Close-Support

:Poroqa (Genarﬁl der_Sohlaohitliegﬁr). The method df firing was by sal-
- Yo and the same ﬁttaﬁk proosdurs vae used aa.iith the aatomatio cannon.
- The suocessive models listed delow characterise the course teken by the

developmsnt ot rookets for aﬁfitank opefationsl'

“ | Max Yelo- Weight Penetration
Model  oity ft/sec  1lbe  Warhead Effeotiveness Heaarks

* Tank Terror . 442.8 - 12,1 hollow  over 100 mm = 4in Aray weapon
o _ - ~ . charge  with eleotrical
- | - firing meohan-
" 1sa

" Tank Light-  1115,2 15,4 hollow over 100 pa - An Army veapon
- ning 1 ~ - . charge | - with eleotrical
| | " firing neohan-

{am

- Tank Light-  1246.4  11.02  hollow  over 100 mm  R-4 propulsion
ning I1I D | ohargs | | vith Tank Terror
| - - | Iarho&d |

~ Tenk Light- "~ 1574.,4 = 8.8 ~ hollow over 100 mm R4 propulnion SRR Bt N
ning 1I1 _ - charge ‘with warhead of v, T
' ' | - sass oallber ,.E?i&!&éﬁiﬁiﬁng.

A el b e B ey
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 the use of the hollor oharge prineipls for the varhesde guarantesd
"-f-pgg.tfatxﬁﬁfifiibtiienaii under 81l oirounstances. Th- ii166lty,'¢n-

uhoiﬁ'in the table adove, tii'fnorQstidfiith”éldh iucaloulia_iédil@*“?lans-

had been made to inoresse the uaxllﬁi'iblddity uv;ﬁ!lore in the T;nkx
*7Ligh£niﬂ§ IV, 4 model still in the developaent stege.

G-.§23&L51;!5529a§'

" In order to ﬂbfiatg'tha ﬁeoaasity d: havjng.tﬁ fly di;eotly into eheny.

defensive f1r§ vhen attaocking a taﬁk cdterad by Eniiairofaft aftiliery, .
. fduring the last jear ot the var it was pianned to squip theloioae-auppdrt
* 'alrorar£, too, with the same vertical armaments as tﬁﬁ.fightﬁr asircratt

" had, The S0-500 (see page 56 or this study), vith satomatio triring me-

- chanianm, vas geleoted for.thii Pﬁrpoaa.° After a ﬁulber of initial dit-
.fiouitiea in connedtion‘vlth th§ autozmatio tiring meohanism had beﬁn
 0?¢¥00:&. prari;ental models with five aﬁd ten 50 mm tﬁbea aﬁd arior#

- pieroing explosive granadés'yare‘tried out in the #1r and fbﬁnd to be

_.shtisiaot;rja fhe goal of thialliﬁe Qf.dofeloﬁlqnt'taiPto permit a

" olosa-support airoratt to oxfloit to the utmost the faotor of sufpriaa

.'- by attaoking a_tﬁnk in open terrain 1n-a lor-ievel approach ;n& by des-
troying it froﬁ directlyiaﬁoiﬁ at an ﬁltituﬁg ol gpproiiuatelj.32.3 fﬁ.

-~ The frontal attauk zethod was no lﬁﬂgar-uﬁqd.' In ay opinion, this ap-

;””plicﬁtion Qf vertical armanents tgafof great taotiéal fqlue.and possessad

graat technological pqtehtial.

- B T T

L 4
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X4 Yhe Insts) ation of Wespont ih Day-¥ightsr, Night-rig

-

'i";1 br't'
A, Standardigation o1 Models to be _Iﬂa.tg_l‘_l_é_q

- The 1nitallation'of airdorne offenaita_gr;anenta'in thdlrightar iﬂd
olose-gupport airoratt iaa charaqtoriséd by a high ﬁogree ot aiandardi-'

_iation;’_lith very tew exoeptions, the parts to be installed had been

construoted and tested in aocordance with "otfioial speoifications” (Amts-

“ forderun3§n) by:tha developing tirms df the tormer Ordnance Branch (iarfen-
“abteilung) dnd_had been nanufacfured and daflivered in accordance with
| prooiaply foriulated delivery speoitiocations. In this way one could be
oertain that arorj_aingla itea met the standards set (for axanpie; th§
degree of_rigidity ﬁr rleribility in a gun nount_negded'to afabilize
| tho-dispersion'p&tforﬁ'of the weapon). Thers wers only a tew plants Of.
| the'airorgrt 1n¢uatry thioh partioipated rron tine to time 1n.dev010p-
| nent#ltork on the equipment needed tor the jﬁétallation ot airborne
veapons, Nevertheless the airorart tires had a certain amount of 1nr1ﬁ-.
enoe over the-e;tofnal dedigﬁa ;nﬁ thdmdi-ensioha!'rirat through direot
. contaot with thalde?elobing 1itus, ﬁnd latef tﬁrﬁughfthgif.¥§presenta.
) tifds on a Developaent Qoiniaaioﬁ (Eﬁivibkluﬁgsk#iniusion) made up or
experts ffoi'the indiatry.ind.tornﬁr Devﬁlop;ent Dopartﬁént peraonndl.
VIThe airoraft.tirns_vere prbhibited_rrﬁﬁ indqpendently making ﬁny subqu
- quent oh;ngea_in thie "'.gtzn*ii"«sr-r:lmeannt-t:-w-ru':cl"'I~ (reiohseigén) eﬁﬁipﬁant vhen .

it came time to install it,




'3’_1'
“'B. Benohe-Contro). Ops ti,g_lj__q_l lu ony
thi:&pefitiﬁﬁfﬁf_ﬂerl;ﬁ iirborﬁ¢ i§ipoﬁﬁw1H'thé“(tfdfdfiltﬁi onfflidi&ut
*'o1¢o££1d¢11ri or f;thof'clootfa#nquﬁatiéallj. This method hid.b*ﬂﬂ_de*
- vqlopfd ayntﬁ:atioailf aiﬁoo_th@iiar?_edrliost véapon modele, Ed”thaf
’3thpfalrdﬁ*alr6ad3'h good desl of praotical expéri#ﬁcé to f;ll back on
. in donntﬁtion'tith standardiced Qontroi units with thoroughly tested oom-
 ponent pﬁrta tor lﬁter Ieapond'and uquiphaﬁt.‘ Eleotrapnaﬁﬁitio units
had to be used Ih?n a good deiluof power iﬁa required, tor exasmpls to
set and oock a weapon. .
- Parﬁiculafly.oharaotetintio of'fh& Geraan eleotrioal control systea
refo the eliot:ioal detonﬁtion'cf.anﬁunition by =means of fuse eleﬂanta_
" ingide tﬁo veapon rather than the traditional firing-pin'ueohanian, and
the dévalopﬁent ot aamunition vith cleotrical ruao'ﬁap. Thie typ§ of
- elaotrically detonated amzunition, originally developed 1or the control- |
- opardted T:9 and 13 mm weapons, proied'to b; oéhsiderabiy nﬁre uqourato
ﬁnd more reliasble than ths aohventional firingApin'lathod; BOTEOYeEY,

"1t was lens sensitive to jarring. The eleotrical firing method slso

‘eliminated almost éhtirely'the danger of préﬁature detonation in the case

ot large-oaliber weapons ¥iih tle bolt unlocked.

By installirg the wiring systen accordingly, 1t was rpossible to fire
““the #Weapons located in the fuselage armd wings singly, in groups, or &ll to-

gether., This was
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desirablé insemuoh as &n sfroratt umiilly had weapons of different types,
vith varying firing epeeds and v¢fjiﬁg iioﬁntn'dr_aiﬁﬁhitl&ﬁ”(diriné the
lgot_jilrd of the inf, ;ait airora;t'osrriid both cannon and rooksir).
- Thé level of tha.#nﬁuhitlén stook tor e#dh individual iﬁ;pon idi.indion-._'
~ted by a round-oounter (Schusssihler) oﬁ_thﬁ inetrument penel of the_
ii:orafi. anﬁ_oquntef had a 1isual_aignal wvhich indicated ihathif the
waapon in quastion was rﬁady rof firiﬁg ﬁf‘uhothdf it had to Ve coetgd
by adgﬁi of an eleotrical oooﬁing Qontaot. Fully ﬁutoiatio'ooéking ap-
p;ratugea,oapabl§of sutomatically oorr&otins ahr'dlliins of the weapon ; £  ;_
'thioh oould B§ fel;diod 53 oooking, were doaigned with additional elec- "T
tr1031:001p¢nohte and appropriate wiring ujatoﬁa. .

" In order to mest these perférmance demands, it vas fnevitabdle that

~ the roapoﬂ-controlling_ﬁleotriaal systeus installed in aiforaft should

| bo'hiéhly Qoipljx.'"Hevdrtholesi.thqy prnf!q:to te Qﬁlto uatinfaotory‘

g 1n'ali tho;tara of opiration;. In ipito'ofogin taot, it fs wy opiﬁion_

r todﬁy'that.it uaﬁ not really necsssary to nako'qﬁite suoch extensive uai- |
of the teohnical poshibilitios of eleotrical eiring. Even torards tho'_

_'and of the war, a number of simplifications were being undortakon in

' tnts fleld, with a view to saving costly labor and astorials. But sven

- tﬁeaa -bdifio;tipﬂﬁ hy_no means achieved iha'ﬁltii;te goal of reduoingl

" the wiring diagras pertaining to offensive airborne arasments to the o 4;‘3'
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© ¥1th eafe and e1feotive operstion on the part of the individuale involved,

0. She Mounting of Autosati Ofisnsive Arassents
~ We have slready iéhﬁioﬁdd:thﬁt'iﬁ'deriany_the na@hts'iﬁtandéi fdr.
o fixed.iirborne_offenuiie vetponu_fefe developed au:atand&fdi:ed equipment,
"iith no rsgard ihatsouvér for tha'vﬁfiﬁua'airoraft_déielﬁ in which they
~ would later btlinstalled. Thoré were, of'oouraaj'a fatiairoraft tiras
y ihioh, frdi t;lglto time, atteiptad to lgnﬁre tﬁia ﬁrinoiplo'thon a_-
- glven mount threatened tn'Jeoﬁﬁrdize thair freedon 1ﬁ reapect tdlduaign.:
" In ganeral. hovﬁfar.ltﬁa vﬁlldltj of the étﬁndpoint that_ﬁha development
- of gun nount; nuqt be 1eft up to armamants uﬁéoialiata found reqognltiﬁn
in most quﬁrtefi. once the_ooordinatioﬁ among the veapon, gun mount, and
'"airoraft-fifuﬁ'had brbught aboﬁt'a livaly.exohange of opinions aigng
-_*thq various desiguesrs. L#ter.on, this epirit ofjgoopﬁrstionjvaa fufthor
*“foﬁtﬁred by s Yeapons Installation Group (iﬁffﬁneinbaugrupps) proposed
Hy the Dovelﬁpnent Dapartnﬁnt. This 3roup; organized as a_-dbile unit
lade uﬁ of exparienced enginesr and ordnancs ieohanié (Waffenmonteur)
‘personnsl, was assigned to carry out preliuinafj $ests in order to clarify
any poiﬁntial pr?ﬁlen# in conneotioh.iith weapons installation in new
i airoraff indeia. Thuﬁ:rgal}y serious difficulties ierg out of the ques-
: tion when it oai;.tile fér'ihﬁ fingl_testiﬁg'of the téapona systen, priﬁr

to deolaring the airoratt Teady for'0poration,




. ;.ﬂ-ﬁ c
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© The folloving priveiplas vers basso guidelSnes for the developaent
_af’ill.gup lountni o . .
" 1) Thh gun joﬁnt suet have né-appraoiapla unfnvornbla'sfreot on
.tﬁe dinpef&ion pﬁttqfh of the weapon, .
2) The reooil reaotion of the';éapon mugt Ee glnoat entirely ab-.
aOrhéd by the gun.n;unt;
The fellovwing requirements F’:‘ set for'thp rlgid and.fltxibla
mounts for larga-ﬁﬁliber cannont . . o
'1);Dlspefsian”pattern7of'the uhrigged'wéaﬁon at.}EB_feet,“with the
nount firaly fastened to & rigid pedostals
"TIindi?iduél rounas’s‘3005500 A
”Eurst'df:fire'caﬂprisinﬂ T raundsidf"firé = 3CQ-300 aa
- 2) Absaption of recoil resction by neans of an'édjuatéblé”bUffEr

mounting or son2 similar device

3} In the caseTbf_m0h11e txin mouﬁts, a'mECHEHisEIpermitting.the”ad—
_justgént'of-the*gun'ar ur:s in”fe&péci'bﬁ*both height_énd lateral position
| ;4)f1nherentlyﬂrigid'oonnectihﬂ.Piece;bét#een'the frontﬁand rgar nountings
-1ntheinterestsaf‘ﬁperatianalsafety'and’dﬁrability
| 1;'5) No nzed for spgdial'hﬂﬁdliﬂérdﬂrihg instaliatidn iﬂ'thé*airdraft:“
-~ and no vearJand'tear“ﬁn pgrtg;guﬁJEQt'td"stréss-

"D, Installation bﬂfﬁirhﬂfn?:ﬁrmﬁments

i . g - e i - T ES - - gl e el CE gy mife oA Pl oo e e el - LI

a., Day Fighter Aircraft

-—.ﬂ—:q—----- wfifir —— f— - e

In the case of several Gerwan fighter sircraft, the installation of

eutoratic airborne carnon deviated considerably
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leé.;
'ri.:.tt;nyﬁointb.loithi~11ﬁiori1¢ht,rhsuhruu.uppréxti.tnlinlong
the ién&t;udinil i:li'ét the tuselage., If iha tnsli'éf.iﬁbxdinou iai
- favoradle, the tfﬁjiotorf’btoiiu& the line ﬁf'alﬁhi tvice, once with §ts
- ’1iio§ndiné-brﬁnuh_(duite near) and orioe ¥#1th its &osoinding branch (at.
‘some distance avay), ttne providing tio_oorrolatod polnta'ﬁf 1or-anglo |
- fire qu u.?ful refqranoe in adJuntiﬁg tor height. (I have no iﬁfornatloh

ai to which methods of‘adjuot-ent were in use at tho'front dur1ng”tho |

" last phase of the war.)
" 1_ - The last developmental phase in thq tield of tighter airborne arsa- .
ments vae conderned almost exolusively with 30 mm veapons (automatio and

apecial qanndn) and with the R-4/M rockets. The offensive armaments of

- the twin-engine jet tighter, the Ha-262, oonaiafEd of six 30 ng HI-ngts
 with fﬁrty#aight ﬁ;4/H rooiefsz(tdtal ieight of.tho weapon rhﬁn inatglled,
” 11,713.9 lba.).  At the boginning_of 1945, however, in ths faoozof'utren;.
uous objeotions on the part of arnaioﬁts experts;'it_rai deoided that
) théﬁé hiéhly effeotiv§ oftensive t§apons jere to ba'replnced Sy ﬁ'rigidiy
mounted 50 ll.lk-214/ALfor_purposés_of long-range combat. .
Th_e n'umuﬁ pern_ssibie ieight i‘or rupona to b_e oarri@ by a jJet |
“airoratt with poi¢r un1t'v£riod botwoéﬁ.441 and 551;5 ibs; .Ienponh anj
- heavier than this vere rejeoted on fha é:iunds that they'jeﬁﬁdfdised f'_ .
" the airoraft's i;light 'porforlu;mn.a.-: The limit of .5.51.2'11:.'. vas ﬁlread,y' .

" peached by the installation of tto.H141OB'§”with thirty to tifty'rﬂundn N

per darrel or tith up to sixty
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© R=4/M rockets. Thirty rousds of ammunftion per vespon vas the miniwus

aawonition supply required for & fighter alrorstt.

| Siiilir'lrlunlnti'Prdjioit'rgra dtfriid'oﬁt'tbf thi'iihéli-aﬁgiﬁo

 Jeb tighter, the Me-162 ("people’s righter™ (Volksjkger)) and 1or the
~ racket airoraft Me-163 (Adder (Natter) and Julia). From the vsry begin-

~ ning, the equipaent ﬁf'thﬁ'id-IGB provéd to be inadequate. The situation

vae somevhat better in the case of the Adder and tha'Jullu. The Adder

~ bhad been designed as an expend&ble_toapbns oarriar'(l;nhéd antiairorart
artillery rooket) whioh could be employed only once. Atter combat, the

w pi10t and power unit were to be landed by parachute, while the fuselage

and araaments unit would hu'ai:ply abandoned. There were provisional

- plans to equip the Adder and the Julia with two 30 mm MK-108's as vell,
" but this was merely an interim aolutioﬁ and the plans were to bde dropped
a8 goon as the R-4/H rockete should bOcoOme a#a._t]'ablo. "The tinal stage

- of the Adder project dalled'for araaments consiating ot gpproxilatoly

thirtj'R-J/H fodkatﬁ; to te linad'uﬁ in grld arrﬁngeuent in the nose bf

~ the fuselage. Thqy_wera'to‘bahrired at intervals ot 20 millissconds

by a'ralay switch aotivated by a #inglq Téleape nechﬁnia;.' Ih jh1a Yay

" there was no danger that rockets l¥ing next to one another would ba
 intluenced in any way by the untolding of the tail unit. As a possible

altermate solution, test installations were undertaken with sbout forty

to'fifty.bf'the apin;ﬁtﬁbili:ed R:—?} rockets (see pagﬁ 46 of thia'stuiy)

 used by the antisairoratt artuur_y toross with their rocket projeotmf

equipment, This was done over the
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| ﬁbj'cfét{qn_i ol l.hi. D'wquuiit anu ueﬁi (n n:ptonot inpundin.g c&iiipin}'." .
the slternats solution proposed for the Julla, which =- ualfke the Adder ==
“was to be brought dava on liﬁaine skids, called for & battesy of forty-

¥~1nihé 30 ax fubi£ (9ﬂ?ii9)'to'ﬁﬁ”firidlii suall shot, inztead of the
‘originally planned tro KK-108's. Whether or not the Adder add Julisa
V-pfb&éata vare bofriﬁtly'plaﬁﬁEd by tha{airoraft designers rezained an
- opsn qﬁ&ﬁtioh untii Ger:;ﬂy'a ﬁapitulation.' The fia'nodela'ﬁid not yet

. .beiﬁ't£1ed oui; ‘thus there were no test résults avallablo; ‘The de&*ee

or tiring aocuraoy prophesled ror"thefAdd6r did'not'seeﬁ to be ﬁaftio@-.

. lafiy favofﬁblﬁ'in viex of the oonditions under whioh 1t vas to be em-

| o - e '
“ployed and made it quite olear that in the case of ;uohﬁspeaialiﬂed |

#irbraft'-ith reiatively short rlight oﬁduranoelﬁnd ioiativeiy high
apﬁed, srotial methods of IOOﬁting and tracking the oneqy.targot are
bound to be.dpfornining tactors In it#'succaaaful eaployment,

The redﬁillpss Ieaﬁon tubes gathered into_bundlea ﬁé a spescial
weapon were uﬁed not only as_aupﬁleﬁenta] Teftioﬁlly-nouhted veapons,
a8 ié have alrcady nehtﬁonpd. but were also installed trontally in the
;*rightdf airor&tt as atandﬁrd iaapona."ln additi0n to ihc ﬁ&g df the'-
- 804119 in the Julia ﬁﬁdjeot. an alternste proposal concotning the arza-

went of the He-162 made use ot the possibility or installing two

B -
iy
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L e T_..., gy
$0-117 round bil1lets {n the noss of $he Tuselege and of sispending tvo
30-113 tabilar arana, i ‘3rraziived oas: i Ty b LVEEE 1..'.r:+‘ i FapE .*:iﬂ'-’il"ﬂr' FLOLIT -
Snitdon, By the end of e war, 2xiericsnty koad
rolease ~eghoniss, bassd on a Phﬁtu&]ﬁnfri¢ dﬁ11, idalpned o fire sato-

vaticatly tre vartically-mounted syesind cintion. e systes achiteved o

| . S T s : o .
relensoe accuracy ot ma3 (??)=and A 10 arcsrwent arror of ACGO cip i al-

titude and devth, &4 s firing vnange of 322 feet,

‘In ay erinton,; the eguippging of tha2 Tighi2yp atroraft with supplencrn-

-

vzyry voertical aracrents of this kind would have resalted in A naw of fenslve

sadpon Tor ¢lose comoal oparations, a weapon wnose vzlue should not have

beeil underestinated; in combinztion with the frontal wearons, ther osuld

s
{" .

have ianEHSEd Q;fensivﬂlfire by shodtins fron below as the fianter flew
”"ﬂﬁdef its target. -The extfa”#eiﬁhfminfﬁl?@d*was ¢n1y 176.d.1hsf(far-the
most'promisidg weADDN, t;ﬂ §3-502, with mine_amﬁﬁnitfan“cﬁntaining7ﬁ;??_
1b of explosive ard with ten tubas).'shibﬁ -~ at tﬁ&i time -~ ought not to
ha#e playéd any'rﬂle*ih'the permiésibie reighi ef-a*fighter ﬂirafﬁft, in
- N | - : _?. | . wyiew fothe'additiﬁﬁﬁlfvﬁlﬁe'the weavon reﬁresanted;'-Thé%e ias;'hﬂwever,

- L.

[

on2 gualification in connection with th

b

i

1
-l

L1

ca of tre photoeleéatric cell;
the crasoribed distence from the target, for which the angle of incidence
of the tubes had been compited on the basis of detonation lag and time of

1yrajectory flight, had to bs ssinteined with & margin for error of no rore

" than 164 feat,
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 'iﬁ'hieﬁiffiS;tif”éhifitioni;'arlalinti iouﬁicdffdr:bﬁliquﬁ- |
anslo firing had baen'utililtd pravioﬁuly Iith oonuidar&blo ﬁuocesa 1n
f _conbiﬁntion vith tha-atandard trontal arnanentn, whidh oon;iuted oi four
ﬁo six larga-oaltbor autonatio séannon, Thé'dbliqut-aﬁgia armaments were
- 1ntroduced when {t turned out that the airhorno.radio opetgtofﬁ were
achieving highly §uoq0unfu1 hits Ilih_nobile Igapona.; Thase'hita iero
delivered at a ulaﬁt trou'huloi and took full'advaﬁtﬁga ot the ﬁupriﬂa
~ taotor in thatithey viro'diraoted from a ﬁoﬁition 'hioh vas not noraally
covered by thq gearoh radar 6f the an;ny bonber;. a pdhifion 1ron ihioh_
ﬂ it vas inpoﬁﬁible:ror their rronfal vsapons to operate,

Duriné”an attack tith §b1iqﬁ¢-ﬁn31e arnaasenta, the nlght'fighter”
siroraft nlintained the.sané @ﬁurae and thre aane"speﬁd aa'tﬁe Bolber'
":-ﬁnder attaock., In the heéinningaltho oblique-angle #rua:antn coﬂaiatéd
- of two HG-;:;/QOGr MG-FF/M and later, of two 30 ni HK-lO3 oannon, .
Ihioh1§r¢ mounted behind }he contryl dabin.qf'the_tiin-engine ﬁl:oraft
at an oblique angle of fso. pointing torardq dhe frbﬁt_ind'upiarda;

The oblique-angla veapons tqrfzfiiod by the piiot, who took aim bj'

lﬁans of a retleofor;ightthiohltas nountedldﬁ_a hihged plato-anﬁ vhich o
. gould_be'ailfalod about at the eanme dﬁsie. - . .
- Beoause of its extreme aff&ctivenoss (suall Bhot and inﬁreaaed ex-

B ploaiva etteot), the SG-SOO apeoial Ioapon vhich we hara alreu@y dea~

oribed vae partioularly'tell-suited tor eapdoynent as an obllque angla

araamxent in the night"fighter'giroraft.




LI |5 Pt L L. Lt r

", ﬂ‘*“ﬁ‘lmh*ﬂwﬁt, Wiyt

. nuaver ‘of rounde oarried bf the $0:500,

- ing a miseion. It was a -atter oi

| In addition, the tightor'

 the tiring of radkdtn. ¥or this reason, the autanatlo

It could be mounted and remnved rith 6qual ease, Once

o
o fhoio”ini; haitfir.'oni liriéﬁi*iliitttioh}f because or tha riitriotid
. -ii'oduld-bc'uaid-énly onot'aur-
prinolplo that the lﬁtonatia o&nnon
iﬁuniéd'in fho nlght lightir airoralt ahould narf?‘#uah an'ahundnﬁt
'ﬁupply=of.aununition that_they-GOuld be used during eéveral aip tightﬁ_
“-in a single niasinn. -.

| Whenever possidle, the frontal ¥sapons, consihting of four

' cannon, wers installed i{n the turrets of the ttin-engine nlght tightar

- alroratt, No plans ware lade to uti{lize rookets in night tighter operatlona.

since it wag aaauned that thelr-flare tould bhavd blinded the pilots,

8 own position would have haan endangered by

oannon oarried

by the night fighter airoratt hed to be equipped with long tlash hideps

and utilized nlght'or dark tracsr anvunition ingtaad oY tﬁﬁ normal

traﬁﬂ_l' amm:nition used .:ln the day fighters.

l0ge~Support Afroraft

 Phe airdorne weapons for thblolose-aupport siroraft vere designed

. a8 a standard mamnt _unit fnr ins_iallation under the tuselage of the

'aifgraft. A unit of thig kind oontained the entire arnamﬁnt system,

its pbaitlon on

the tuselage
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. anothor typs of armament unit. -Thésa téré“bonb-abaped oylinders oon-

*hi&be:h’iQJUlttd,tHi sii&j-poiﬁg*iiu'iifkid*iltﬁ aoiilfﬁin.;_-!hgg
C vhe unit could be reasountsd i-ﬁidiutbly and iijfri;u,.ror'iéiioh i-:
- lbon as the tirép h&d baiﬁjéﬁnnuotada 'UﬂnioQutniiy; thée olose~gupport
falrorilt Eduld be ﬁled'el}hff diVE ihapan# narri¢f 6f:ii.i'bonb olffiof.
7 dopanding'upoﬁ:thj'typn of mission 1n'ih1§$'1t was to be eiployed, ¥
*-Thp intense tddoii redﬁtiﬁn'at the cannon was uﬁfflﬁd to a dogréo |
| folofable to.tho atdbilitj ot the fuselage by means of iuizlo.brakqu,
" in ihloﬁ'tho uulila gnsﬁg'tora aﬁaorhad ﬁ;ﬁ deflected. The mursle brakes
worse daaiguﬁd in auoh.# vay that the gases could o#oapé to the'oidQ.
- Tnis alao q11ninated the ﬁeobndar}'danttr. f.0. tﬁat th§ skin of tho"

~ airframe might de damaged by the esosping gas. The most conspiouous

innovation in this method or inetallation (in the Hs-129, for sxample)

" was the wedge-ghaped oasing undqflthe'fuhelage; vﬁioh played a signi-
" fioant role in keeping the airoraft steady during buapy weather and
~in inoreasing the'aiqing aocurady while firing."'lh the Mer cloge-

support airoraft (i.e. in the most commson model, the Ju-87), both 37

RN Cannon were 1nafﬁlled in the wings.

The bomb-weapons, also oalled "watering cans™, represented still

" teining either three 79 mm twin-barrelled KG-81's with 250 rounds Qf .

amaunition each or oni 20-151/20.:'The_bartels vere set at a downvard

angle of about 10°, The "watering cans” served as a suppleméntal

weapon for the combatting of ground targata."ihgn naogssarj.'aeferql_. o

R

......




of tham could bs suspended in the boad relencs olipy or rrﬁi}tﬁiﬁilﬁgo, '
f'Thij;'too,'eaﬁid ts_iada'rdadyatof fifiﬂg“iiihbut dilif“-tipii.bj'plugging
 {n the wires :h{oh'oonnqﬁted'theh to the eleotrical remote-ocontrol net-
‘work. . . |
- o | _ o lawaching
- The rookets designed tor use against tanks weres stored in lanétng
| raile installed underneath the wings. #a hid already bean'pointed out, .
- they were fired in salvos in order to inoreass thg o#erail chances of &
nuEOessful'hit.' Until the autonﬁtio'rdoket launcher jhh devised, rooket
de7010pﬁeht fof the 1'ighter and_oloae-suppdrt airoratf tended to favor

 the arrangement of the rooket tubes in bundloe rather than in gridas,

- prinarily for reapona”of aerodyngnlo_ddslgn.'ainod the bundlua oould be

~ "integrated” into the airoraft fuselage (as in the oase of ths Adder,
see page 87 of this study), installed at the base of the wings (as was

~ the casge later'on with the autozatio launching device) or encassd in a

: pear-ahapﬁd aantle suspandod_ from the.ﬂntﬂ. a§ drop aamunition.

Ag a genﬁra} rulag in oénnéotion:tlth tpé'installtion ot frontal ar-
~mamente in oloss-support airqrﬁrt? 1t'rasfdii90?efed that it'paa &or&'
"tdfgntagoduu to 1ire ialnrardﬁ"at an angle oY about'foo, exabtly'af

.:”flight leiei.*ﬂTh§'appr6ﬁoh run wee ;asi§r fof'thﬁ pilot, the poteﬁfinl
. duration'of fif§ during the run vas inoreased (ainoé'thé tiring fange .

deoreased steadily towards the end of the run), and the danger of

"touohing'dorn on_the grﬁund was far loss'adute;
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' 1n id&ltiéﬁ W rookst srassentd, shioh 1 regarded st thet time s
'='t?§1 vorth fﬁithdf diiilopidntil vork, I ooniidurid the vertioal instel-
sutaiatia“tirlng

 1lation of thé'SO-SOO. with tan racolllasu tubes and

. uaohanlan (deuorihad on page 19 of thus ntud;) {0 be oxtre:ely pro:iains

ot the Iaot thet at that time

for antitank operations, eapeoially in vial

" eneiy_tanka gors beginning to oarry ahtiairorift artillory.

 Strong and gtandardised Defensife Araaments

Opfnahj have at hér:dispoaal_bbnbar

At no time during ihe var did

an airborno araenal tl;lhtn coiparabla to'that of the

. ajroraft tith

Flying Fortresses. We have already indioated that the inatullation of

ery nar airoratt nodel, but ea-

defensive airhorha'arnanunta in nearly ey

peoially in the bonhefa, represented a diffioult and thanklosa'job tor

the enginaar paraonnel conosrned, sinoe tho'taotidiana called for the

sarded airborne nrnaneﬁts.aa

highost poaaible £light partoruanca apd re

And with the exception of one or

ot n noro th.sn soeondnry inportmao.
t:o projoota whioh were never oonpleted, this priuﬁiple tﬁa ndhdfd& to

'until the end'of thn var. In Gornlny s last jot'bonbor projeot (the

of & tail gun mount holding two 30 ma

oAl el



_-.§52  
_H’U-zl}u Htﬁ & Iirlng lll}d of 15 to ¢ither ald.e. and 2 15 u..pnh:ln.
~V¥ln'qﬁﬁbiﬁitiﬁﬁ”ilth_i‘ilhsla'HI-IOG, thi@h iii nouﬁtedLoh i'i6€6i11td'
“keyhole ioﬁﬁt.in”tntffloar7ar the tuselege and which tﬁi_aonpléttly ﬁ§ef
'??-ledﬁ frﬁi the atnﬁdpoinln-of-both ﬁii1n3';ﬁd dpefiting'accufhﬁj. tar; |
:coﬁéider&d.£0“bq'pdfldotly adeqﬁﬁte; Duriné the'e&rly dei&lOPHental
lzﬁtagea. it ias aspumed that evl;gﬁiighter airoratt would.be able to ap-
proach a Jet bomdber at'Béat ﬁnly #pry“alorly ard froa the rear at aﬁ
acute angle; in the aiaroﬁuaﬁ'of their monentary sup§¥iﬁr1ty, the de-
eigners fofgot that there'i;a o reason why the QnEmy.Bhoﬁldfnot_ba &b1a
N fo huild.ﬂuch fagter fighterb on th§ basia.of the sane teohnqlﬁglcal

~ principles. | . ,.__ R . }: o ,

'In.the héginning.Jthe aiﬁndarﬁ'air armanent br'a.ﬁﬁnbér coniel 8ted
oY ;hreef gun atat1on3: 'one at the top éf the.fusﬁlage, one in the.noéu,
and one in the belly of the airofﬁft. svery etfort was made to give the
gun mounts used in these 3tationﬁ aé largs an angle of traverae ss pos-
gible and thus to aohiéve an oiErﬁll rahge ap.conplete as_ﬁoéaible ;nd

- as ne#rly.freq'of blind angles as poﬂsibl§ - #n other words, a field

1 in yhich'the'ﬁréﬁﬁ cofered Sy:the'iﬁdividuﬁl guné o#érlﬁhped at fairly
short iﬁterfalq; {.0. less than 3..8 ft. A1l the gun stations lay in-
 #1&0 the qrei compartaent, fér'the;driginal apﬁoifidatiohd had taken

. 1ﬁto acnquﬁt the faot'thﬁt ﬁﬁtu§1 assistghua light Be required in the
operntion'df'fhe weapons. It vas only as the war progressed that bomber

aircratt ttre'defsloped




-I‘hioh carried & nil gun aount &s vell, "fhii"'ﬁid p'réi*_'éci: to be 'Moui_uy:- |

| ﬁaoauso it ha nad turneduout that anuny liehtart YeTe able to uola up fnto

'uhbotin3 ran3o'iﬁ thﬁ'daaﬂ angle torued br tho boaber's tail naseubly.

'lﬂ'a'Stopagap5ﬁblution; the ﬁoibyrs yare equipped with a rigidly}nounted
tail gun einmed toiarda_the reaf. The inil.sun Iahioperatsd by the sane
rth#td-contfﬁl syateh'Usﬁd tor s8ll figidly iﬁﬁntgd cannon and oould be
tired dy thﬁlpilot, rh§ t0§i.ain by means 6f a rerleotdf_telgaoopef"

 Por a time, antifairoratt mines were uged dﬁ'dfop apmunition, but .

this practiee was soon ahandbned inasmuch as the'ninas:tha:sul?ea'light

explode i1 hit by an eneémy shell, The aines consisted of spproximately

'“-ttenty 57 nn'grenades stored in & bomb release bay. Bach grenads had 8

amall paraohute affixed to it and was Iitted with a jerk igniter whioch

vas aﬁtivated'by the oPening'ot'the paraohute."The burning tine ot the

- fuges varled, Operation or the antisiroratt aine bays by the gunner

| aasigﬁed to the top station praied to be most favorable.
- B, Defenaivé Lirbﬁtné Araaments of the Bomber Hodigg Ju-288, ¥Fwv-191,
~ and Hs-130

" In the opinion of

the authér, the Ju-288, the F¥-191, and the He-

130 -J'ﬁll defﬁldped.at_aboutltha agné tize -~ woere the only.bonhera

uhoaa airborne arnanonts !llll wers atrong snough to bresk the eneny's

. resisetance and thus to pemit the airoratt to reaoh thair asaigned targets

aafely.“ Etter the deoiaion'ras tinally madg

|
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L ravert \hb Juod0B, Whe STEEGLE-of HS Ilt}na.‘hirliilign.‘n‘OT
| Uafliﬁyii last bomber units to hoks air defense operstions mads 1t neoes-
sary to drop _it. trow the frosrn'; ‘Phe Ju<260 vae ‘o have four rﬁﬁ‘_.“."_:
| o;ntroll?d guﬂ'utﬁtionﬁ; 6ns ;n the nose, ona at the top of tha tuselsrge,
:'ona inn the belly, and one jn tﬁo tall, Ultilately;'oaﬁh station was to .

" be equipped vith two MO-213's; ln'thu_intoriﬁ; betore the Kd-213 ishould

| "'bolintroduoed,'iith two M0=151/20's. There was room for tio additional

- gun atations in the wings. The guﬁaish;Jhouhtﬁ'fﬁf these aruaiontu vere
located in & oontrol oadin, which was to be bu11t 1ater on as:n preiuu-'
| ¥ised oabin.' There iﬁré"threé perisoope sights with fiied eydpi#o&n, N
and the froblau of free optical view tor the gunnera had slso been

solved satisfaotorily. ‘Thers were two pbar-ahnped windows in tho'loiér

" half of the two aide walls tor the use of the gunner asaigned to the

.- belly station. The tail mounts in the upper part of the dome wers con-

" trolled 1rom the station at the top of the fuaelagé; those in the lower
part from the atation in the belly. The switchover wag acconplished au-

”'tonatioally.

C. The Da?elopgant of Gun Mounts tor the Defensive Armamants

 During the odursq of the war yearg, & tofal ot approximately

150 gun sounts were introduoed, & nuamber which aeqlﬁ'at firet glﬁnde to

be disproportionately high. Thie was due in part to the willing under-
ltanding'vhioh the airoratt firms enoountered tor their proposale of

 new deaigﬁs, "
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‘uch &s

R i
Ar. =3t i ient o a0 1] Jnﬂifnf AR rAFL AT e ArEictial e itf %
derveirtent, i 4§ff"tat roEQ .=rﬁt;?*ly.ﬂ‘ Yoonannor ol nos HIIPOrad s one
r0nlie thirrdsoel iq deroEny, sret v rz.{ély X S tﬁ'Ff.:'f'Z:i*.*'}?Lﬁ__ff“]'ﬁ'ig JAVIICes
o in the feld of grum-mount 'fiﬂﬂi.f"f#. Fiaattampls weda by oihe Qrdnsir.cn

Brench: o goet nlor witlo o wninller noshor of guv-mounta o0 o given raried
of time, in the intoerects of relleving svmewhrsdt the industrics charged
with thely developmont, of astadblishing a simplified <- snd tharefore

2are casily realizable ~- produétion scliedule, eond of simplifying the

sunply prokler, usaally czne to grief as g res:lt of tha high degrae of

fyoedon accordad the "alweraft dosigncrs. In the ecase of the He-177 bomber,

‘for instinca, Tor reasons of weight {linited by the enginz) the armanent
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13 =7 2G5-131 }é?_eaﬁh of the thrae gun statiosns (top of the fuselage,

L

rosey, nnd bally). These srecifications weve fulfilled eractly, zrd thre

aiveratt sas vut ints action, althoush at that time i1 must have been

obvious that its armaments wers inadeguate ard that the single mounts would

have to b2 replsdsd by txin-Tarrelled mounts, ~ A further difficuliy was

panresentsd by the narallel cantracts for new sircraft models, which were

a common prdactice uvntil the Gun ¥ount axd Developmenl erd Instzllation

inflﬁéhcé’félt. ’EvEﬁ'pfiGr_tﬁ”thﬁtJtiﬂa;it'was ugually_QOS$ibIE'tﬂ push

_throush the sane sheeitications in respect to bype end nupber of gun sta-

tions =ven in the oczse of verallel aircraft developwsznt projects, although

14 did hapuen oseasionally that various datails in ihe gun rounits concerned




g9 -; o
:-5'tﬁiaqfifiii“ﬁaigﬁt:§f thi’dirtiidgi*bﬁiii'6r¥th- ﬁ&i{txoﬁ*oi thc-iaibti.
control system == yere subjeoted to 6?1110?;1 and moditioations ordered
| by'eachaof the parallel bﬁbjﬁots,“;Thi specialised gdghfﬁtioﬁ‘of_theﬁe
‘wodified ufnaﬁints'sjatenérto a nunhcr'OTIditferent.uirorﬁft idﬁela. #h
vell a# fhe uonatruOtioﬁ of the heaedaary sxperimental models, thojr
" testing ;nd their ultimate approval for ulfiéﬁ.prodﬁotion. tied up a
- good deal of the afgilablé ae+e1opuint.oapaoity -;'sﬁneihing:rhioh oould
have bean avoided by'a.prograu'pf qyafeuatio stan&ﬁrdization; fof eianple
-¢ if the airfralea could have bgen deeigned_frai'the.very beginningliith
: a. standard arasaent unit end standard equipment in mind. It vas the

task of the Cun Mount Development and Installation Commission, made up

- of repre.aen't'atiﬁél from the Developament bqpartnmt end from industry,
to reduce developmental tdrk in the gun aount field to # reuﬁonable'nini-
U, id adapt the variantg_alreaiy in existence intulatéhdard'nodelﬂ.
and to persuade the airorafrt fi;na.to_utilign"tne standard equipnsnt__f
in all cases (tor raasbnﬁ ihich'dhduld be olear from the abovs, one of
_.the noat influential direqtorﬁ of the ;irorattzinduatry was nsaed ohair-
nﬁh of ih§ conniasjon; jhose wotk; in&idantally; 1#3 #ety aucdeﬁsrul).

. Iﬁ order to'olarify_#ﬁy prﬁbléaé phrtaining to the ;xniiilx.opdration
‘and the plaoing.of netlgun'ldﬁnta ér guneight nﬁunts to be'developgd;
='tﬁ§ DéveIOpment Deﬁértment_reqhired oonatrﬁbiion models of eaoh new

instruaent as the firatlgtép 1ﬁ_the.dufelopﬁeﬁ£.prbcﬁsaf

* These vooden mookups yore to be built so exeotly bhat the tunction-

" ing of the future GQuipnent

-




Yoo
fcﬁuidbiltﬂdiidiﬁ§70r7 detsil. All tnterasted pﬂft£il;"1ﬁ§lﬁilﬁ8.:' 
the airoraft inaﬁ;try in p;rtiautuf; iortgiten ;n.oppditﬁﬁiii_iﬁ-*ﬁidi
their opinions of the models,  Théss inspeotion sessions usually iﬁnt oif
-*Iiihoui'un;ana‘a having any.dériouﬁ'bﬁjﬁdtldnu td"tﬂa:iddel;.iﬁ that ii
" was normally just & matter of prehehting'a.ﬁddal of & fuilj'opafablﬁ gun
'ﬁouﬁt or ggnuight ﬁount fﬁf ap?rO?al."Expériiental alroratt, i;e.'atook
_=éir¢r,ft"hjoh'had proved espéaialiy well-sgufted tq ths acoomplishment
| of”air tests ot tha_varioue types of squipment, a#'iell as workshops at

" the testing stations had been placed at the diapoaal ot the rirmsa oharged

'f:' E :ifh'de?aIOPmeni projects for thﬁ'air_hrmamént progran.".ln this iay,.
-the industry was able to oarry out air teats with its verious designs
undqr:the supervisioh_of .8 own perﬁonnei and; oh:thﬁ Bania ot tﬁeir |
" views and etperiﬁnde. to ﬁvaluaie'the rpquiremsntafthioh a given piece
- or equipueht would have to meet under aotual ﬁmployﬂent conditions.
The fgot uhat;thg weapon apd gun mount induairiﬁs, insotar ag thay were
not identical, worked ﬁogéther verjroloaﬁly in respeot to the tundamental
".runoiionql requirements ot the iaaponﬁ to be installed on the gun mounts
vas an incaloulable advantage,
Reliable tunotioning, without inoreased power cdnsuaption, at -60°
.f and at apéeda_thre£ tingﬁ.th§ ground eoceleration were ﬁccepted_baaio
- requireaents for'ﬁll weapon and'guﬁaight'uounta (qee"pagea 82 and 83 of this
gtudy). fhe ahgl§ of vision in glagsed-in londs,.qto; vas ﬂpéﬁified aB

| 650; In the'produdtionfOT
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“plexiglass; 1or exsaple, a margin or error of 3' tn vertical vislon wae

&

pormitied, Bac;uga of the idditlannl;détléotioﬁ’arrdf”daudéd.by surved

~ focusing eoreens, a usxiwum radius ot curvature ot 300 mm was peraitted.

D, Contro)  Systeas and Rezsote-Control Systens

~  In CGermany, the heavy, machine-driven manual gun mounts utilized

‘eleotrohydraulic power, The method most commonly used vas the Thoma-

1‘

 drive (frequently applied in the oivilien 1ield of meohanical engineer-
"ing),oo:hined with a Leonard aggregatgs., Gun mounts of this typs were
" designed 10r a maxisum angular relqolty'of 60°/second and a minimua an-

- gular velooity of 2°/gecond. The mounts were operated by e ans o1 stiok

3

- oontrol in Ebcdrdqncd with the prinoipls of angglar feiouity control,
whereby the extent and direoction of movement of the stiok d;ternihed_

~ the angular velooity and the direotion in which the mount moved. The

gun mounts of this Xind (the most common was the eleotrohydraulio rotat-

 ing turret for one Hdalﬁl) proved to be eainently aatiafaoto:y.during

- commitment in opergqtions at the front.

Smaller'gun'nountsg designed tor tha'lj ma ¥G=131, wtre operated
by slectric motors.

* The first remote-contrdl Byatei.ta be ready tor use was the
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102 N '
oliotro-atchanical torqui a-plifitr for thl rotitlng turrit untd iith
the Ha-?lo and 14:-410. 'l'his ‘eontrol: sntu torhd on the prinolpll of
tar;:t qrnrd oﬂntzol. .Tfﬁ.ﬁuhn?r adjnStﬁd-bGth -wn;ﬂipnt aﬁd 19#10n by
asans of & rhantoz lever, and the dirbctinn of Lo luver'pnd'theffaapon
xers thr sare in every visition, 5Thjé”fifst réﬁnte'control-systeﬂ had &
.1diﬂadvﬁntaqﬂ in-that’the'mavcmeﬁt-waé‘trannﬂittei Iruu.ﬁhﬁ,guﬂ-aight”to'
tre waﬁﬁbh mount by means ol figid Shﬁfts, rﬂ$11£in$ 1ﬁ’iﬁstﬁ11étion-

| b eay o prideo s frirly lerze. The rigid shafis
difTfic altqu wren thr gap Lo ho pridsoed was foirly & i

]

Acre nécesshfy,'haﬁe?ef; sincﬂ'thé'intrnduntiqj“ﬂt additional jeinté.wdﬁld
. . . . gouror, S far ag I an inforned, the

havs: led to a decrecse in aiw 1.nh 2 r;u
Jesracd of"aiming'aﬁddracy'anhiufad ﬁgs d_mihutgej éha tLho 1ax1w1m rotation
spééd wasIGOD/séchﬁ}

ine EIEGtIICillj oan,rélled gun.ruunts cﬁ;vled r1th‘;eriscape sightsl
ﬂorked:in“part'dn'the principle”af“angular_?elﬁcity”ﬂaﬂtrol,'ﬁith-a aaxi-
g pnenlar *;1¢c ty nf’ﬁﬁo/sécond, ard in rert on the prihﬁiplé of target
‘speed coatrol, Witk a &x ‘LJ&ITJ qf1§niqpee&'mf“369/53¢0nd bt~ oipther side

and 180/shcoﬂd npwards. Tv. Yoth czses, the SYS.CL. WdS operate h

W
=
{

. | e T Iy b _ T e : N | . : - - . Of .t‘h-'l'..a
ot Gﬂntrﬁlfﬁticks'thSé?dire0t1onfcnrreﬂﬁﬁniEd to the direction
calient, Comparative tesis verforesed with these exyericental zode’

MR PR SR —h e b o - : 2 |
o : _ - | -  ea PPN _._ o Gﬂ E_'ﬁ,. 21—
" had revesal A trat it took only half-as ien tiwe Yo fix an sre
-..'E-' . ..-":1-14_- I, - - o -.

| ‘W it e i) mpled with the systen
'*hter"ﬁit?'+Hﬁ*perlscoye.515nt coupled witn ;
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.'parlaaopt aisht oauplnd tllh the anaultr-roIOOlly bluud nyllln.- Thl
*~1;ttar aight ruquirtd &n average of five seoonds in an aral nararlns
_approxilttoly 120 ; thereas the tarnor took only 2.: leuonda vhen the

-~ attaock was lilited to the area of llnediato danger,

Ihen the war ocame to an end, oxporiuenta dea]ing with the best -
pousible design tor a reuote-oontrol ayatan had nnt yet been b1ought

to a oono}usion, due to the faot that they had ba&n relegatﬁd to the

~ baokground as not ot urgent signiticance. Approximately ten ditterent

1_r,gota-oontroa'ayateﬁé had bdeen de?OIQped for detailed teating.

- XII. Sumaary and Puture Prospeots

© In order to summarize the main oharﬁoteristigs'df tha'da7§lop-antal

'.orx In progress at war's end, it ¢an best be divided into two oategoriess

1) short-tem developamt
2) long-term developzent

Re 1 aboves

~ Short-tera davelopment was devoted to iquipntnt whioch showed pronisé
'df pérfaoting thélilrborne araanents'of tho'fighfer'airoraft and of
R the “‘ase-support airorntt and, thus, ot 1ending their atruggle againat

' the eneny bomber and tank invasions greater 3trensth- ﬁ

&, Dazﬁ?ighter Airoraft

 The purposs of arasments deielopnént't&a'to plaoe the day fighter

airoraft in the teohnologioai poéitioﬁ-to'fulfill the'fblloring'nissions

~ 4in conneotion with the sneay bomber units:

. L m See o sl oM . :
. sma s, o
- . . ’ . " .
! R TR L . ’ -




1) to disperse the bomdér formstion

'2) to destroy the msjority of the individial bombers in

 singls conbat.
An alrborne arsenal of long-range'blfanslfa iespon&,.oapablﬁ of
 hdaquafe aifﬁotlvﬁhaﬁa even 6utaid§ the range of a bvomber uﬁit'a dé-
g fensive fire, vas required to fulfill the first of the trqzniaaiona
-:-liqted ﬁbove.' Thia neant that the mass #dtion 6f the fightar'a nrﬁa-
ments haﬁ fo ha:effeotife over a range or'nore than 3,280 ft,, or even
..bﬁttaf; },936 ft. It taﬁ.faf this reason thgt plans were ﬁade.for an
 inoraas!d use of the fire salvo huthod, i1th.r0oketa bﬁﬁed on the

‘R-4/M (but with inoreased effeotivensss and inoressed maximus velooity)

' in cﬁnbtnatloniiith the 30 ﬁn ¥G-213, as vell ap for the introduotion
of*the r&pid-firing lighf 55 ma airborns cannon gnd the 21Q m 1n¢eﬁ4
_-digry ﬁhrapﬁoi fookgt. The gunaight to ﬁo used in all uﬁs&s vag the
.autonaiio refleofor sight, BZ-42, with fully autonatio fange aeter,
vhioh would relieve the pilot of anylneed_fbr niﬁial onloulatidﬁsl.
 Asg f#r'as fulfillﬁ&nt of the second mission is concerned, in my
> dpinioﬁ the ﬁtage”of developuent already achiﬁfod in the'arnanent
:atrength §f‘th§ Ne-262 (aii }0 na.HI-iOB ﬁanhon rifh fofiy;ﬁight Re4/ﬁ R L : L }
o raﬁkets -~ later on, iﬂatead;éf the ¥X-108'g, the 30 na HG-213,:iith s -
& firing speed of 1,100 rounds per minute) fully aet the requirements
| for cdnpatliith a 31n31§ boﬁbaf.. For ﬁingl;-eﬁginhiJef fighfera'iith
~an arssment weight limftation of gpproxinately'SBI lhs.;'there Yas
the.nore favdt&ble al ternate arma;gnt.gonsisfing'of.tto &ht;ﬁﬁfiu rocth
launohe;s, anhhiith ihirty - o .

1 - Por the 210 nm 1noandiary ahrapnul rocket, Ihich Ias to be iired from
© & range of 4.920-6 560 tt., the gunsight Xas ooupled Iith an auto-

uﬁr:!hfw,,-.qqn,:unﬁﬂqﬂxtnlm'\w:,*,.xm__ LA e oy

| natio iiring utohanis:.

]
d
N
ffihE




R
o3

fllds :

. Riifuzfodkiti’iniliid“ﬁf‘thi'tiﬁ'30“ii ﬁiiIOS"thnoﬁ;*'li”td&iflﬁﬁtl!'

'é-fiGhtor'trlaldnfj'thire}tﬁégilib'thp idrtiéiiiy'ioﬁntéd SG-SOO_ipidltl

weapon, oonsisting of at least five -- sven better, ten -- 50 ma tubes

'}”tith'uino amminition and with a tiring mechanism based on the photo-

sleotrio oell, whioh gave the fighter pilot the ohanos at a second at-

‘taok after his run with the trontal weapons, since he could fly under-

.niith.the targét and fire onos mOTe from & range of 164-529'ft." |
The question ot whether or not the plan to attack eneay domber
units wvith super-spesd speoislized airoraft (rooket righters) of the

Adder and Julia types had any proapeot'or aucnosé (ﬁnleaa, of oourse,

~ the enemy bomber was simply to de rammed) cannot be answered, sinoe

" there had bdbeen no opportﬁnity to gﬁther any oxpariénca on this method

of attsok.

b. Night Pighter Alroraft
It wae extremely desiradls that a blind tiring method with

automatio gunsight and fully automatio range indioator be devised for

~" dark night fighter operations,

Oe Closd-Supggrt Airoraft
~ In view of the antioipated inorease in the strength of the
antiairoratt artillery torces assigned to cover the Rusaien tank

units, plans werse aade to ihproie the ballistio pﬁrfbr!;nce of the

- rooketﬁ.ﬁaking up the atandard frontal armaments of the close-support

airsrart and to supplemsnt these trontal weapons by the introduotion

 of vertically mounted recoilless 5G-500 tubea with armor-pieroing

- annunition




o
7‘fand-iutsiitiéfi;ioif;éil'fiiaiiu*iion;ngai;"iithj(haiﬁiij’ai*tﬁoap'
's='ienpons;iit:iii ggﬁia'tn;t’tha ;1fﬁfiit iauid ﬁé iﬁlb.tb take fﬁlltd-
"”'v;ntngd df.tﬁﬁ fiﬂtﬁf.df:lurﬁrlsa'anﬁ“diatrdr'thi'ftﬁiﬁ as thej"flii,
over thea ;t an altitude or_abbﬁt'aé.a tt.
8. bai Pightat.Ligoraft.

_.Lons-tara orfénai7o aruﬁmaﬁtu.derIOPIQnt iaa dedicated to the
goal of inoreasing the 6§nbﬁt rnnsd.to apprbrluﬁfeljSG.SGO tt, in other
words of making 1t 5o long that eneny bonbe}_unita could be attacked

| éffeoti?elj from points lying outside the range of their detensive tire,

 One possibility in this conneotion vas the heavy 55 ma alrborne

cﬁnnon (uusslﬁlvhlooi{y.j.zﬂo tt/seoond, 0,99 1ba. exploaivu'ohﬁfge),
*'ihich was ﬁesignod for 1ﬁafalition in trin-oﬁginé fightﬁr'aircratt
oarrying a Bo?efal-nan.crav.' Dﬁring the last year of the war, however,
there was no obportunlty to take up the problems bf designing a suitable
rount for this weapoh;'llt_faa pinnneﬁ to use sither the semi-rixed .
" firing ﬁefhod, ihereby tha'pilot flies dlraotly ﬁf_the target and the
- g‘an_ﬁe;- ﬁakea' wh.at.evar minor aiming aﬁjustﬁents may e neqessaﬁ in th» .

gun, which is modbile withian very restrioted liaits, with the help of 2

~sinifrins t2lzdeapic siznt, the fixed ‘Installation ﬂethod aith.st5bi1-

{zation of tne weandn, or the semi-Tixed firing zetnnd in combination witn

a stabilized platfors on shich the #eavon couid b2 rais?d or lcwerad,
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| fﬁ'Tﬁé'rﬁilhﬁr'diiilapuint oi"dirbornb'dﬁrenpiva armazents for

‘bonbér ajroraft was deterained by en innovation in airorsft design, i.e.

" the introduotion of the pressurited cabin., The uss of remots-controlled

gun stations coupléjt;ith periscopio guneights, as planned tor the Ju-288,

wae to be a guidaline fOi-futura'devolnpdént.' The gﬁﬁ'atationa were
" %o be equipﬁed ﬁfiuarily'iith'jo ma KG-213's, 1n double and trlple-'

" barrelled modals,
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