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RESTRICTED 

GERMfiN AIRCR/'.FT GUNS AM) SPECIAL WE.\PONS 

1. Introduction. 

The Rhoiranotall-Borsig Coapany can be considored as the leading 
aircraft jun designer of.Geraany, Perhaps the only other firm that even 
approached this company was the Mauser company. However, the majority 
of aircraft guns in German aircraft were made by Rheinmetall-Borsig., 
Tho Automatic lifcapons Section, headed by Mr. Fritz Herlach, was a tight¬ 
ly knit organization,, the key members of which had worked together for 
Itf years. This group took groat pride in their work and were more than 
anxious to "tell all". It can be reliably assumed that this report is 
a comparatively complete and accurate outline of German aircraft gun 
development as reflected by Rheinmetall-Borsig, Other reports concerning 
the work «f this company in connection with aircraft rockets, gun tur¬ 
rets, and remotely controlled gun mounts are being prepared. 

It should be noted that the term "MK" as used by the Germans, refers 
to "Maschinon-Kanono11 or automatic cannon, rather than to "Mark", as in 
tho United States or Engl'Jid, Similarly, the tern "BK" moans "Bord Kan¬ 
one ", an expression difficult to translate but moaning, essentially, an 
airborne cannon. 

Samples of most of the service weapons have been shipped to the 
United States in instances where large quantities were available. The 
new MK 112 5.5 cn. cannon was, unfortunately, not found in sufficient 
quantity. It is believed that two of these cannons were evacuated to 
England for tests, and that unfinished parts for one other wore evacua¬ 
ted by U. S, Army personnel. 

2,' MK 112 Gun (5,5 cm.) 

t ■ ' . . 11 . 
(a) Design and Operation, . 

J 
, «•*•' „ * t ■ * 

Evolution. The Ordnance Bureau of tho Air Ministry set up „the 
following requirements for the oevelopment o.f an automatic aircraft can¬ 
non*. Caliber 5.5 cm*, initial velocity 600 m/s} shell weight 1.5 kg,j 
explosive charge at least 0,4 kg,; Cyclic rate at least 300 rounds per 
nin.; no alloyed steels to be used; simplest manufacturing procedure; 
electric firing; remote control; possibility of use as flexible, fixed 
and engine mounted' gun. Because of satisfactory results with the 3 on. 

-4- 
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2» î& 112 Gun (5,5 cn«) (a) (Contad,) 

MK 108, the œss-bolt (îiiasenverriogelung) systom was chosen ûs the gun 
System for the MK 112, Thus, the whole construction of the gun was made 
quite rugged and the individual parts could be made to have quite long 
life, considering the low grade'of material used, 

I . 

The main parts, such as gun housing and food, wore made as sheet 
notai star.pings, Low cost manufacture for mass production was made 
possible by welding attachment lugs and guide rails. In order to keep 
the recoil within practical limits, the gun was equipped with a recoil 
mechanism. The counter-recoil, occuTrin;, when the bolt returned to the 
forward position, was also absorbed by tha recoil mechanism. 

Two samples of this gun wore taken to England for tost and the 
parts for a third gun wore"taken to the United States by Army investi¬ 
gators, No other samples are believed to bo in existence. Complete 
reports concerning the design of this gun were prepared by ADIK and cop¬ 
ies may be obtained through the Naval Air Attache*a office in London if 
desired, A description of this uri is being included herein to supple¬ 
ment the reports already written. 

Duscription (see Figure l): The gun consists ofs (1) the barrel 
including buffer; (2) run housing with electric firing leads; (3) bolt 
v/ith electric firing and buffer; (4) belt recuperator mechanism; (5) 
feed; (6) electro-pneumatic charging device; (7) <loctro-pneumatic 
trigger; (8) base plate; (9) electric switch contacts; (10) cartridge 
belt. 

The barrel (monobloc gun barrel) is mounted in the front gun 
housing so as to be moveable against a buffer spring. The gun buffer, 
consisting of a coil spring, lies in a casing around the1 front end of 
the barril, h lug is attached to the casing for mounting the gun in the 
mount, Tho gun buffor is attached to the barrel by a threaded ring. At 
the back end of the baffer is the buffer piece which limits the forward 
movement of the bolt. 

The gun housing, containing th- movable and fixed working parts, 
ia made1 of stamped sheet metal. The bolt slide rails are stamped into 
the gun housing and are.not machined. On the upper side of the gun . 
housin’ ..re the lugs for the knuckle bolts of the feed housing, and be- 

...............-, , 
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2. MK 112 ami (5,$ cu« ) (a) (ContM.) 

hin I the oponinj for the feed ore the luja for the attachment of the 
ÍV.OÜ housing. On the upper rear part of the jun housing arc the nount- 

xn- J-^a/or the Gloctro-pnouraatic trigger. At the back of the housing * 
niv the lugs for mounting tho base plate. The piston of the bolt 

charing novice is fastened in the frontal plate, which device has a 

packou joint for attach in,., the air line. The electric switch contact 

is fastened on the gun housin' outside and underneath the bolt guides. 

,.- + 4- is a on°-piGCe forging. The frontal aide of the bolt is 
litten with a reraovablo hardened steel liner, which is put in with a 

bayonet lock and then pinned. On the upper side, are the lugs for 

mounting the extractor which is operated by helical thrust springs, lhe 

•electric firini pin is housed in a longitudinal boring -and its current 
feed is brought out the left side of the bolt. There are lugs on the 

under side of tho bolt for counting the bolt buffer. Tho bolt springs 

are built-up columns of coil aprinrs (Rinjfcdersaeulen) that stick out ‘ 

bchinc the bolt with a buffer piece. Underneath the front end are the 

lu-3 fl,r Mouatin the bolt recuperator springs. On the upper flat side 
of the bolt, at tho back, arc the faces against which the trigger 

catches, and on tho ri ht and left are the tranáport slides that run 
fron front to back. 

The bolt recuperator consists of two columns of springs of four 

compounded and overlaid spiral compression springs each. The springs 
ar^. pro-compressed when installed in their housings. 

‘ * V * ’ , 

The feud housing is nido of pressed notai parts. In it arc the 

two transport curves vihich move in opposite directions and the feod 
c-ich (pa.il) and retaining catch. The transport curves arc connected 

to the two transport levers that are in the feed housing and which run 

into the bolt. In the feed housing are also the curves (cans) for con— 

trolling the transport pawls. The feed is fastened.to the front end of 

the gun housirg and is connected to it by a "speed connector11 which is 
loosened by hand. 

Tile charging piston is screwed into the front wall of the gun 
housing, A ohargin, cylinder is mounted around the piston so that it 

can novo longitudinally, « spiral compression sprin which'bears agai^s* 
tho back plato, is used to recuperate the charing cylinder. 

-6- 



KESTIÜCIED 

1. 

Sî?- 

(5,5 en,) (a) (Cont^.jL 

Tht olectro-pnoumatic trigger is counted in the rear gun housing 
len^thwise against two coil springs which act aag 

trf r h \ake Up the Shocks pf catching the bolt ea?h tine. In the 

airÄfpl^ Zt:%Zuli:hUh MtCheS the b[>lt' ond £ 
to it* teuÆî: fiZ ‘ï”-,1“? °f.thö hou3ine «*Ki ia fastened 
Hm-t tí „ th a bayonet-locking type of action. It serves to 

tho sprir^lTof thc^holf1 01 the .boit,and also as a counter bearing; for 
JPrln<ia c,f the bolt recuporator and bolt charging devices. 

+i Tl° COntact fs of a sheet metal stamping and is bolted 
into ^ tiding stud, inside the switch contact, projects 
into the gun housing and carries current for the electric detonator 
when it passes over the bolt contact. In order to carrv out the rhaTv* 
in,; of tho boit automatic ally, i„ caso of a Slurc “ to" Som 

“'‘th" tait! °“ the ^ ^ thl! “WltCh COntact that 13 sstisated 

Q+ - . i^Curtridge be}t 13 mdiJ o£ öh0üt stampings of carbon 
o ee which are made in the form of hooka and eyes. The individual dis- 
intcgraUon is controlled by the shell, which holds the bSt íogeíher 
Aitor the empty is pulled, the belt comes apart. At front and back are 
the boit bearing sprfaces needed for the belt feed and on the back end 
right and left, there is hooks to hold tho ammunitioü. ' 

, 2£2£abipnj The gun system is built as a »mass-bolt» system 
im ^^^P^ngssystem). ,Vhen the electro-pneumatic trigger is 
pulled, the bolt moves forward under the pressé of the bolt recuoera- 
or sprjjjgs and thus activités the feed by means of the transport curves 

This r, °í í° c°rr^F-nding levers moused in the 
leed. Ihis moves the belt halfway into position until the bolt head 
strike, tho lmae of tho shell and thon s¿L it into tho^ldSo it tho 

o£ o7u tni?”'T;>,thu n°" ^ tho Mdl pishod 
a« t ^^ tho uxtractor, which has been pushed unward drons 
down behind the rim of the case. Th. shell, hold firnÿ by^f 
tor, is then pushed into the chamber of the barrel by the bolt. 

The electric firing of the shell takes place at just the right time 

-7- 
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(5»5 cm.) (a) (ContM.I 

Hs'forward U ^ «» e*. of 
ovur tho baso Of tho ahcll caso Si Sf I’,'?3sur°1 foK:o3 the bolt back 

bolt section by tho extractor took as faAs’a'rtJp bSilt “to £t¡° 

to bo fed into the dddl 'ní f hPt CUrVCS (cajl,s) causc the 

-¾ SMT^r 
trigfor is no longer activatou" tî!'- í1® ol<:ctro-P'K™atic 

a short .novocontloL^S AM ^ toÍP” artùr 
rocoil is taken up by the gun buffer! ' “ 

bolt il “IbCtro-pnouTBtlc bolt charging device, the 

The. air charging cylinder 1 -¾^ '’t'1" bjrtíe charging'cylinder. 
Won by a coil coSAn A Arï? î13,1'?1'”'3" f0r"ard P“1' 
disinto5ratW bolt fro i th . ^Ä n nJGod is mnafT>ed «Ith a 
links and casts occuro ain >V qÍ^i riñht!, Th^ di3chürße of the shell 

• CGUI° on the opposite side from tho f«ed. 

oldor^iodei^ith atoÄ kr “ fT « *** 7 »» an wivî tm- « , u woijht and 3 newer models with 275 Vi? 
™XM> ave other ,uns of tho mwur nodal ware under coStructioíf* 

ibnctSr?^ íhXSS - 7 0arlíür ^031 ^ ^ ^ «» 
Tests wore madòÍt n ^ga31lc'ldud with 1300 rounds. 

.te of 1300 rounds per nun. was met, even with the required bcl/lift 
of 2 motors. Bursts of from 5 to 20 rounds wore fired íttom^ts II 
increase the cyclic r-to Crn+ 4-. oZÍ! \ ¿iroa. Attempts to • . oyexxo r^eo >joo it up to 3Ó0 rounds Dor min hut + +1.- Kr 1 + 

ZÄÄS aT^r ‘ — - - S-Äolt 

A?- ^“Hura- 
Th ' ^ h:>rf f iÜ’+Ü PiU'‘tü At ro. not entirely satisfactory. 
Those short tests also showed.that.tho carbon stool used for n-mf nan+s 

*c*u^!ti3ÎÎCt0ry ^ ttot -hin at An A 

-Ö- 
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2. MK 112 (Am (5,5 cm«) (a) (Cont’d,) 

In all oxporimonta, there were difficulties in the electrical 

system lor firing at the firing pin and in the transmission oléntònts 

from the switch contact to the filing pin. There was also trouble In 

the belt feed caused by the insufficient durability of the bolt, "A 

hydraulic charging device was being designed to replace the air charg¬ 
ing device, „ 

No experimental installations in airplanes had yet been made. 

Altogether 600 rounds were fired with one of the new modol guns. 

These rounds were fired to study operation, reliability, and belt pull, 

uspecii-lly when the gun was elevated. The previously mentioned troub¬ 

les with the electric circuit and th^ belt itself occurred in these 

L- ter tests also. Hot and cold tests had not been carried out with 
this newer type gun. 

(b) Functioning Computations. 

» • 

i* Df-t;. for calculating the functioning of the gun, 

»Height, ' ' ' • 

Breech mechanism, G]_ 

Breech alone. 60,0 Kg, 

Breech parts which, recoil. 5,0 Kg, 
.   2,4 Kg, 

.Height of breech while moving 

forward, Glv 6?,4 Kg, 

Qnpty case,,,.. 0.65 Kg„ 
/¿eight of Breech in recoil..,.Kgi 

Ban*el, Go 

» / * 

Barrel '^lone,,,,.,.,.,....40,0 Kg, 

Barrel pr.rta which recoil.  5,0 Kg* 

45.0 Kg» 

-9- 
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ß.j cu.) ib) (Cont»d.) 

Gun housing«. 

CûSo foi1 thu mount •. 

Designation 

Mass of forward moving 
brooch 

Mass of recoiling 
brooch 

j’viiss of entire barrel 
Miss of gun housing 

.... g3 

... 

Miss 

MlV 

155*0 Kg. 
I 

10.0 Kg. 

Kg zn~^ 

6,86 * 

6.7 
4.59 

15. 

Paths of iiiovomont in operation Tilg, 2) 

Brooch mochanisn, from stop on front 
of housin'’ to i 

Gutch position (locked open) 
Contact with buffers 
Stop on rear of housing 
Point where electric detona¬ 

tor contact takes place. 

Barrel 

Total recoil with re’spoct to 
mount casing 

Total counter recoil with 
respect to mount casing 

600 mm. 
640 mm, 
700 mm, 

60 mm, 

« 

60 mm. 

60' mm. 

Gun Housing, 

Housing recoil with respect to 
barreZ 

Moc. recoil with respect to 
mount casing 

Counter recoil with respect to 
banvl 

Counter recoil with respect to 
mount caaint 

» 

20 mm, 

30 ram, 

0 

60 mm. 





rtESTRICffD 

2« HK 112 Gun (5.5 cm,) (b) (ConUd.) 

gLisUcitiüs and work capacity of tha closing spring, (Cont’d.) 

C X S Pv + i3R *SV 

0 
200 
400 
600 
640 
700 

0 
144. Ö 
289.6 
434.4 
463.0 
506.8 

126 
271 
416 
560 
589 
633 

126 
199 
271 
343 
358 
379 

0 
39.7 

108.4 
205.8 
229 
265 

0 
13.9 
38 
72 
80 
93 

Tho buffer spring begins to act as Pv t 1000 Kg. and Po : 10000 Kg 
ûndr,^cr^“i,s ril0v'Jir“'nt oi tho closing spring in the range S : 640.,, 
.,./00 m. so that the combined spring strength has the following 
characteristics : 

Pt 589 + 1000 
633 4 10000 

10633 - : 10633 - 1589 t 

„ Kg. 
33 Kg. 

151 IQi/ntn. 

60 

Elasticities and work capacity of the combined springs. 

S C X S Aps Apr Apv 

mm 
640 
650 
660 
670 
680 
690 
700 

ram 
0 
10 
20 
30 
40 
50 
60 

Kg 
• 0 
I5IO 
3020 
4530 
6040 
7550 
9060 

Kg 
1589 
2100 
4610 
6120 
7630 
9140 

IO65O 

Kgm 
0 

23.5 
62.0 

115.5 
184.4 
268.O 
367.2 

Kgm 
229 
253 
29I 
345 
413 
497 
596 

Kgm 
60 
88.5 

102 
121 
145 
174 
208 

Barrel - ’fount casing spring (sec Figure 4)’ 

-12- 
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MK 112 Gun j5._5_ cm.) (b) (Cont’d.) 

G i $000 - 1000 : 66.7 Kg/mm 

60 

I V . ' # ^ 

Barrel - hoiuiiv spring (Juo Figure 4) 

G : $000 - 1000 : 200 Kg/m 

20 

' f * * 

Gun inipulso, . - 

The gun impulse I« la composed of two parts» 

Tho impulse I, oi the mass oi the shell and 
propulsion charge. 

The I’tor-effyct ¿.pulse In oi the powder 
vises ,.rter the shell leaves the muzzle. 

Hence s 

Iw » lx + In 

II i gG ^ 0.5 GL X Vo » 1.4Ô + 0.5 X 0.215 

& 9.81 

X 600 : 97 Kgs, 

In » Pa X V » 610 X 24.5 X 100 » 15 Kgs, 

a • 1000 X 102 

Pa » 'nuzzle gas pressure according to Hcydonreich. 

V » 1000 Ms*^ (e'opirical factor) 

Iw » 97 + 15 : 112 Kgs. 

-13- 
\ 



UEÓTHICTED 

2. ?JK 112 Gun ($«5 m.) (b) (Contai) 

Brooch impulse at tho end of forward ¡revenant from 
the catch position. 

Forward energy of the closing spring from catch* posi¬ 
tion (3:600 mm) 

Ep { 80 Kgra, 

Energy of the closing spring at the forward reversing 
point, 

% t 3 Kgm. 

Kinetic energy in the breech mechanism during forward 
movement. 

Ey t Ep - Ey i 80 - 3 i 77 kgm 

Ev * ÎÜ * V 
2 

Then it follows that: 

vv ! SV ! 2 X 77 I 22.4 , 4.73 V» 

6,86 

Breech impulse at the end of forward movement from the 
catch positions. 

I : Mlv X Vy • : 6,86 x 4.73 : 32.5 Kgs, 

Breech recoil velocity at start of recoil. 

The gun impulse : breech counter recoil impulse + 
breech recoil impulse. 

IW Î ly f IR . 

-14- 
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2. MK 112 Gun ($.5 Cni, ) (b) fConttd.') 

Velocity: 

^RC ! ^VC : ^ x : Ö.6 m/s 

Mjh 6*7 

Ifcan velocity: 

Vm j Vra 4 Vrc : 11*9 + 8*6 j 10*3 n/s 

2 2 

Urne: 

0*64 - 0*035 
Tü : Via 5 10.5 * 0.053Ö s. 

. . Tii.uj irom the start of the buffer "action to the 
point where the breech mechanism reverses its direction (se- 
Fig. 5). In order to get an approximate solution, the gun 
housing is-assumed to be rigid: 

tgwtb 1 VRC x C 
Pc x w 

c : 151 kg/ram : I5IOOO kg/m, 

,w : c : 151000 : 150 5T1 
1:1 6.7 

Pc : 1589 

Vrc : 8,6 Va 

tgwtb : 8.6 x 151 x 103 . 5,45 

1589 x I50 

v*b : 79.6° : I.39 
4 » 

tb : 1*22 * 0.0093 a 
150 

-16- 
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2. M 112 Gun (5.5 cm.) (b) (Cont»d.>, 

• Timö (tc) fx-on the roar-most point where the breech 
mechanism reverses its motion to the end of the buffer ef¬ 
fect: the spring force (of the buffer spring) when expand¬ 
ed, is about 0,35 times the force when compressed. Figure 
3 was prepared on this basis. Then: 

W1 tc l wtb 

• Tc • : wtb : tb : 0,0093 

w1 0.35 0.592 

Time from the end of the buffer effect to the front 
bolt reversing point: 

According to Figure 3, the energy at the end of the buf¬ 
fer, E : 87 kgn. 

Hence the velocity of the breech mechanism is: 

:-., jj-Ë j 2 X 87 J 5,1 nyi's 
n IR 6.7 

The energy of the breech mechanism at the end of 
counter recoil is: 

Ev : 0,35 X Er : 0.35 x 475 : 166 kgm. 

At this point the breech mechanism has a mass of: 

n-,r : 6,06 kgnf^s^ 
JL V 

And the maximum counter recoil velocity is: 
, » 

Vv : 2_Ev t. 2 x 166 t 6.96 Vs. 
Cljy 6,36 

The mean counter recoil velocity is: 

Via 5 Vyg ^ Vy : 6;03 Va» 

2 

-17- 
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REoTRICIED 

2. m 112 Gun (5.5 era, ) (b) (ConVd.); 

The counter recoil illstanco nt a reversing point 
S s 35 nm, fron tho ioj-ward stop on the housing is: 

* « * ' 

S : 640 - 35 : 605 era. : 0,605 V 

and the time becomes: 
i 

td : 0,605 : 0.1002 s, 

6,03' 

Recoil velocity after the second shot: 

The recoil impulse of tho breech mechanism after 
the second shot becomes: 

In : I - I 
R vi V 

: 112 kgs, 

Iv : Mjy X Vv : 6,06 x 6.96 : 47«7 kgs. 

IR : 112 - 47.7 : 64.3 Kgs, 

Hence the recoil velocity V„ is as follows, when m_n 
: 6.7 Kgm-lsS. r * “IR 

VR : £r : 64.3 : 9.6 -Vs 

mIE 6.7 

The space tine curve of the breech mechanism relative 
to the housing is shown on Figure 5» The curve is an approxi¬ 
mation since it was assumed that the gun Housing was rigidly 
fixed. 

The number of rounds that may bo fixed per minute can 
be computed: 

T : ta + tb ! tc ♦ td : 0,0580 4- 0,009 + 0.1002 + 0.0157 
T : 0.184 s. 

—18—. 
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2« MK 112 Gun (5,5 en.) (b) (Cont'd.) 

Heneo the cyclic rntp: 

n s 60 s 324 min.“1 

. o.ia4 
iü. Force of Recollt 

The exact movements of the breech mechanism, housing 
and barrel were carefully computed by analyzing the total 
motion. These computations were destroyed during the last 
part oí the war and it.is therefore necessary to present 
herein, an approximate calculation of the recoil force. * 

The gun impulse amounts tot 

^ t 112 kgs. 

The gun woight, concentrated at the center of gravity 

G* Î 275 kgs. 

From this, the recoil velocity of the center of gravi¬ 
ty is: 

h X g t n2 x 9.81 s 3.85 

Gw 275 

The recoil energy ist 

E 5 22 X f î 2Z¿ x 3J35f t 207 kgm. 

g 2 9.81 2 

According to the energy curve, Fig. 4., the energy ab¬ 
sorption of 207 kgm corresponds to a recoil distance of the 
housing, of 73 ram. The spring curve shows, for this dis- 
tiince, a force oft 
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2. MK 112 Gun (5.5 cnu) (b) (Confd.) 

then Vr : 112 . 73.0 

1.592 X n n 

The values of V are also calculated in the fore¬ 

going table. 

As can readily bo seen, the energy to be absorbed by 

the closing spring and the breech mechanism spring, together, 

changes according to the velocity of recoil« 

A comp. í m y 2 
2 R , 

The energy values have also been entered in the table 

above. 

The energy, which has to be absorbed by the springs, 

increases proportionally with the cyclic rate. 

Figure 6 represents the number of‘rounds per minute, 

n, dependent upon the mass of the breech mechanism, m. In 
addition, the breech recoil velocity is indicated. 

. 73.0 
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REoTRICTED 

Gerdan Aircraft Guns and Specic-1 Weapons. (Cont'd.) 

3. The IÆ m Gun (5.3 ctn,) 

The Ordnance Bureau of the Air Ministry set up the following re¬ 

quirements for the development of this automatic cannon: caliber 5*5 

'em; muzzle velocity 1000 r/s; shell wei^t 2.0 kj, ; explosive at least 

0,4 kg.; cyclic rate at least 150 rounds; to be not over 1000 kg.; no 
alloy steels to be used; simple construction; electric firing; remote 

control; for use either as fuselage or engine mounted gun. 

The gas pressure loading system with fixed bolts was to be used. 

The design of the gun was quite difficult. The specified total weight 

of not over 1000 Kg. allowed a gun wei jrt of about 700 kg* The use of 

non-alloyed steels seriously compromised the design. The various mod¬ 

els that were completed came close to the requirements in their general 

structure but never net the main requirements fully. The ammunition 

for Uie 5.5 cm. Flak Device 58 was to be used. In order to keep the 
recoil force down, a recoil mechanism with a brake was provided. Fur¬ 

ther developmental werk on this device was stopped in the fall of 19A4 

by order of the Air ¡.linistry. The following table gives the ballistic 

and technical data concerning this gun: 

Caliber. 

Muzzle velocity. 

. /¿eight of projectile., 

height of explosive... 

./eight of case loading 

Muzzle energy 

./eight of round....,,. 

Type of detonation,,,. 

Length of barrel,,,,,. 

,/eight of barrel..,,.. 

Maximum gas pressure,. 
Gun system,,...,,,,.,. 

¡Vs 
K: 
kg 
kg 
mt 

kg 

cm 5.5 
1050 
1.8 
0.49 
1.1 
no 
'4.8 

4210 
250 
2900 

electric 

gas pressure with 

fixed bolt. 

Rate of fire,, 

Weight of-gun 

Type of feed.. 

Systqm for firing 
Impulse.,, 

spm. 3ch/;.iin»l50 

kg 700 
link belt, ri,;ht 

or left. 
electro-pneumatic 

nt 25O 
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Gormn Aircraft Guns and Special Weapons, (Cont'd.") 

4. The iMK 115 (%g en, ) Automatic Jet Cannon» 

(g) Evolution 

Tho Ordnfinct; Bureau of the Air Ministry, Berlin, set up the follow¬ 
ing roquxrenents for an autonatic rucoil—less jot cannon for aircraft. 

Caliber 5.5 enj nuzzle velocity 6OO n/s; shell weight 0.4 kg.} rate of 
fire at least 300 rounds per run.; freedon fron recoil; no alloyed 
steels to be used; simplest, construction; electric firinj; remote con¬ 
trol; belt feed from rijht or left; empty cases to be pulled back into 
the belt; possible use as win¿ gun. 

The jun system,., namely a recoil-less jet cannon, required a special 

arrangement for the bolt action and the feed. The usual metal shell case 

could not be used because of the gas diversion tube. It was replaced by 

a combustible type of case made of nitrated cardboard with a mptallic 

base piece. Because the gas diversion tubo was on one side, the bolt 

mechanism was put on the other. Because there was no suitable moving 

part to operate it, and since a belt lift of 2 motors was required, the 

drive for the belt feed was activated by gasses drawn from the gas diver¬ 
sion tube. 

The first completed model was intended to serve as a model for 

basic study and production design was notogiven much attention. The 

model was never quite finished, hence,final tests were never made, 

(b) Description. (See Figures 7 and B) -•. 

The gun consists of (a), thy barrel; -(b), breech block; (c), bolt 

including electric detonator; (d), bolt recuperator device; (e), feed! 

(f), electro-pneumatic charging device; (g), electro-pneumatic trigger; 
OO, ¿as 
and (k), 

Thu 

block. 

Thé 

tube and 

diversion tube with jet and bolt buffer; (i), electric contact; 
cartridge belt. , 

% 

monobloc barrel is screwed into !the front part of the breech 
• * * • . 

• ' % s 

. * • • ... 
breech block serves to hold the bolt action, the gas diversion 

the gas pick-up and piston for'opening the bolt. The main 
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4. Thfc L!K 115 (5.5 cn,)’Autoitetic--Jet Cannon« (b) (Contld;) 

borin^; is fornod inte a shell chamber, and onto the front end of it the 

rifled barrel is attached directly. There is a shoulder on the back 

side of the breech block which ]ives upward support to the bolt which is 

only locked-on its lower side, On the ri'ht side are the lu£S for 
attaching the electric contact block. The ¿¡as diversion tube is inser¬ 

ted and fastened in the upper borin', which runs backward at an anjle of 

25°. 

The bolt is nado of one piece. The lockinj surface is on one side 

and the recess- for the bolt recuperator sprinj is on the back. The 

electric firing pin is built into the central boring. An oblique borin', 

fren the firing pin, passes down to the right for the firing current leads 

fron the switch contact. The ejector with its spring are on the top. 

The bolt recuperator device consists of an overlaid spiral compres¬ 

sion ring with a spring-guide tube. This tube is fastened, in the bolt 

in front and to the under side of the jet at the back* The recuperator 

spring is precoimpressed when installed. 

The feed housing is a partly welded, stanped sheet metal cassenbly 

and is fastened to the gas diversion tube and to the U-shaped bolt guide 

rails that run along the sides. The feed can be changed over for either 

right hand or left hand feed. The feed is driven by means of a gas stor¬ 

age chamber, that is supplied through a boring into the side of the gas 

diversion tube. The belt entry opening is clam-shaped to facilitate 

feeding. 

The charging device is on the left bolt guide rail. The air piston 

is constructed as a telescoping piston and is moved forward again by 

compressed air at the end of the charging procedure. 

The electro-pneumatic trigger is located in the baçk part of the 

gun and is fastened to the right bolt guido rail. The trigger tar* is 

actuated by an air piston, 

* The gas diversion tube is fastened in the breoch block and is so 

shaped that at the back part of the gun it runs in lino with the axis of 

the barrel again and is connected to the two bolt guide rails by a cross 

yoke. The gas jet is threaded onto the gas diversion tube and held with 

-48- 



RESTRICTED 

U. Tho m U5 (5.$ cm.) Automatic Jot Cannon, (b) (Cont^,) 

a aet-Bcreï/. The two bolt buffers, ri~ht and left, are built into the 

cross yoke between the two bolt juido. rails besido the closing spring* 

The electric switch contact is'joined, to the right side of the. 

breech block and fastened behind to. the ri;^it bolt guide rail. It is 
nade of stanped sheet metal construction and contains the firing stuo 

for the contact of the electric firing device. A lover in the back of 

the switch contact controls the shell feed by means of a contact. 

The cartridge belt is made of carbon steel stampings. It is 
equipped with hooka and eyes which cause the belt to disintegrate if a 

shell is missing* After the belt receives the short base section of 

tfro case, it disintegrates. At front and back are the rails necessary 

for the feeding of the belt, and to the right and left rear are tho two 

hooks for the annoinition feed channel. The belt has the necessary 

flexibility for any manner of feed that might be encountered. 
• ( ' i . 

(c) Operation. 

The un system is constructed as a fixed breech action with jvt 

effect, in order to achieve a recoil-less mounting. 
4 

,ihen the electro-pneumatic trigger is .actuate, the bolt moves for¬ 

ward under the pressure of the bolt recuperator spring and shoves a 

shell from tho belt into the loadin^ chamber. The breech flap, buS^t 

into the breech block, swings upward and locks the bolt. Just ¢3 the 

breech flap moves into its extreme position, it closes the contact for 

the firin current and the shell is fired. 

The shell casing, of nitrated cardboard, burns and the resulting 

,ases pass upward through the gas diversion tube and out to the rear 

through the jet. At the same time, gases flow through the gas canal in 

the back of the brooch block and actuate the gas piston, which must move 

a certain distance in order to force the breech flap down out oi the 
bolt. The ircvomunt of the gas piston is so determined that complete un- 

lockin of the bolt does not occur until the jet effect ends and the gas 

pressure in the barrel is still high enough to snap the bolt back against 

Its recuperator springs. The bolt is snapped back by the gas pressure 

on the bottom of the metal base of the cartridge. As tho bolt moves 
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4. The MK cm») Autorartic Jot Cannon« (0).(00114^.) 

brick, thti ejector pulls tho empty case into the belt link and ejects 
it. Just before the bolt roaches its back position, it strikes the 
belt buffers to the ripht and left and thus has its recoil limited. 
The belt recuperator spring and bolt buffers then throw the bolt for¬ 
ward ajain. • 

Durin, the passage of the gases through the gas diversion tube, 
some gas is stored up in the gas reservoir, and this reservoir is 
closed off by a one way valve. Thu bolt, in moving backward, opens the 
gas reservoir electro-pneumatically so that the gases stored there can 
actuate the feed. The belt is thus moved and a new shell is pushed in¬ 
to tho center line of the gun. 

The air charging device built on the left side, can only pull the 
bolt back out of its locked position if the breech flap is moved by 
hand. Hence misfires cannot be cleared by the air charging device. For 
this reason, an electric auxiliary detonator is attached to the left 
side of the breech block, which is intended to i;nite the misfire from 
outside by setting off the nitrated cardboard case. Stoppages caused 
by cases striking or shells become telescoped con be cleared with the 
air charging device, 

(d) Assessment. 

• 't 

Gnly one model gun was completed. Operational tests were to be 
made with this gun but due to war events, the gun was never fired. 

Experiments to determine the jet effect and freedom from recoil 
were made with actual barrels but without automatic mechanism. Altoget¬ 
her about 5OO rounds were fired. Complete freedom from recoil was 
achieved with this test run. 

• < i . 

Numerous ammunition problems were encountered. The iiiinner of 
fastening the projectile to the cardboard case, and the manner of at¬ 
taching the case to the metallic base were never firmly established. 
Attempts to increase rate of feed resulted in loosening the projectile 
and telescoping it into the case. 

Hot and cold tests and tests at different altitudes were not made. 
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U' Th^ 11$ (5.3 en») Automatic Jot Cannon. (U) ' (Cont»cl,) 

These v/ere to be made with the first automatic model. Slow motion 
movies were made of the jet effect and the movement of the gun in fir¬ 
ing. Experiments to determine the effect of the jet on aircraft parts 

n?pain<!V0nplüted- The foUowinS tab1^ gives the ballistic and tech¬ 
nical data concerning this gun: 

General Data. 

Caliber 
liuzzle velocity 
Weight of projectile 
Rate of fire 
Weight of gun 
Length of gun 

Ammunition. 
* t 

Weight of projectile 
Length of projectile 
Weight of explosive 
Weight of propellant 
Weight of case 
Weight of round 
Length of round 
Detonation 

Barrel. 

Caliber 
Length 
Weight 
length of rifled part 
Number of grooves 
Diameter through grooves 
Width of lands 
Type of twist 
Twist at start 
Twist at end 
Maximum gas pressure 
Design pressure 

cm 5.5 
Vs 600 
kg. 1.48 

. /min 300 
kg. 190 
mm 5500 

kg ij+a 
mm 220 
kg 0.420 
kg 0.500 
kg 1.0 
kg . 3.0 
mm 480 

electric 

cm 5.5 
mm 1200 
kg 45 
mm 1200 

20 
ram 56.5 
rara 4.5 

constant 
8°30f 
8°30» 

kg/cm2 2800 
kg/cm2 3200 



RESTRICTED 

/+* ?he :/1K (5.5 cu») Automatic Jot Cannon, (d) (Cont'd. 1 

Oun system - low recoil jet with fixod breech. 

//eight 
Length 
Tÿpe of feed 
./eight of link 
Weight of belt with 100 

rounds 
length of bolt recoil 
Weight of belt 
Recoil 

Weight of recoiling parts 
Type of brake 
Type of recuperator 

Type °1 charging 
Type of firing 
Typo of detonation 

kg 190 
ran 3300 
belt 

kg 0.350 

kg 335 
ram 660 
kg 10 
none 
kg 10 
none 
hone 

elec tro-pnoumatic 
electro-pneumatic 
electric 

5... Device 104 (35 era.) 
• * * 

(a) Evolution. 

With the approval, and at the request of the Air Ministry in 1939 
Rheinmotall-Qorsig developed a type of gun barrel that would permit * 
firing a shell weighing 700 kg, from an aircraft. Special airplanes 
with this gun installed, were to make dive attacks on battleships. It 
was required that the entire deck armor plate be penetrated even at an 
angle, of impact of 60 , An impact velocity of about 450 n/a was 
necessitated by this requirement. Of this, 125 o/b might be assumed to 
come from the dive velocity of the airplane and 325 m/s from the ini¬ 
tial velocity of the shell. 

Freedom from recoil was achieved by making the shell case the 
same weight as the shell itself and by firing it out of tho rear of the 
gun simultaneously as the projectile left the gun. Any torque straina 
on the mount were avoided by rifling right hand twist the entire barrel. 
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5. Device 104 {35 cnu) (a) -(Contad,) 

The effect of tho uuzzlo gas pressure on the airplanes fuselage was 

reduced by neans of a suitably designed muzzle brake. 

(b) Description. (See Figures 9. 10 and 11) 

The Device 104 was to be mounted in an airplane so that it could 

be lowered hydraulically into position beneath the fuselage. The gun 

itself consists of the following: (a) barrel with muzzle brake and • 

reinforcing parts, (b) tho shell, (c) the shell case with the charge, 
(d) the electrical firing device. 

The barrel is provided with a constant right hand twist through¬ 

out its entire length. In the middle there is a hole for the electri¬ 

cal firing device. This weakening of the cross section was compensated 

for by a reinforcement ring fitted tightly around the middle of the 

barrel. The muzzle brakes arc screwed on both ends of the barrel. 

They serve to disperse the nuzzle ¿gas pressure wave so as to minimize 
damage to the aircraft. 

The shell is an armor piercing shell with base detonating fuze. 
At its after end are grooves into which tho ribbed guides of soft iron 

are pressed. The ribs run in the grooves of tho rifling. The after 

end of the base screw also has an insulated inset contact ring around 

its circumference and through this, the firing current is transmitted 

to the detonating screw which is set in the middle of tho base screw* 

The shell casing contains the charge that is fired by two ignition 

charges. The same type of ribbed guides used 6n the projectile itself 

are also pressed into grooves on the forward end of the case. By 

screwing compensating plates on or off the after end of the case, it is 

possible to equalize weight differences which occur in manufacture* 

The shell and the caso are put together into a unit and held by three 

shear pieces set into recesses in the caso and into a'groove in the base 

screw of the shell. To prevent them from falling out, the shear pieces 

are held by screws. The entire shell unit is held in the gun barrel by 
the electric firing arrangement. 

The electric firing arrangement consists of two main parts: a bolt 

or breech screw and a holdin, bolt. The breech screw which absorbs the 
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5. Device 104 (35 cm.) (b) (Cont'J.) 

¿■as pressuru, is screwed into the reinforcing rinj. The holding bolt 

presses against the latter. The spring contact pin is in the holding 

bolt and conducts the firing current to the contact ring on the base 

screw and thence to the detonating screw. The holding bolt is nilled 

off on both sides at its lower end and these two flat surfaces fit in¬ 

to the groove remaining between the shell and the case and thus hold 
the entire shell unit in the barrel. 

(c) Operation. 

The firing current passes through the spring contact wire of the 

electric firing device into the contact ring on the base screw and from 

it to the detonating screw. The igniting or detonating spark from this 
goes to the first and then to the second booster or ignitin/r charge, 

the second one dividing the main charge into two halves, and thenthe 

main charge in the case is detonatedf The gas pressure drives the shell 
out the front and the case out the back of the barrel. Because the 

trailing edge of the shell and th^, trailing edge of the case both leave 

the ¡.tuzzles at practically the same time, practically no recoil impulse 

is transmitted to the barrel or to its mount. The muzzle gas pressure 

is vented through the lateraj. openings in the muzzle brake, which are 

uncovered in succession by the shell and casing as they pass through the 

barrel. In this way, the gas pressure wave that comes out the main 
openings in the barrel is greatly reduced, 

(d).Assessment. 

Tests proved the freedom from recoil of the device, For these 

tests, the device was mounted on a car as shown by Figures 10 anti 11. 
Forward and backward movements of only about 10 ;m, were measured. 

By mounting an airplane fuselage over the device as to correspond 
with actual installations, it was found that damage»to the outer skin 

oí the fuselage near the louzzle brakes was slightly excessive. By re— 

•inforcing the fuselage at the points concerned, these difficulties wore 

eliminated without any chante in the design of the device itself. 

The experiments showed that a special airplane would definitely 

have to be developed to carry such a barrel, and that the requirements. 
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5. Device 104 (3$ en.) (d) (Contid.) 

especially as far as nuzzle cases were concerned, would have to be iriven 

very careful consideration. About 15 test shots were fired with the 
tost barrel. 

t 

The dovelopnent of this device was stopped in September 1939 because 
higher priority projects woro assigned, 

(e) Ballistics and Sliht. 

The Device 104 was intended to make possible an aimed single shot 

against a battleship or carrier from outsido tho effective defensive 

range of such surface vessels. This was taken, to mean that the release 

of the projectile must occur at altitudes not less than 3000 to 4000 

meters. The initial velocity of 325 m/s provides certain penetration of 

the deck armor plate as well as a good probability of getting a hit be¬ 

cause of the short flight time. Assuming a dive velocity of 125 ¡i^s, 

there results a tine of flight for the shell of about 9 sec, from 4000 

meters, or about 1/3 of the drop time required by a bomb released in 

horizontal flight. The shell, fired from an airplane while diving, loses 
very little velocity (only about 10—20 meters per Second from 4000 me¬ 

ters) so that an impact velocity of -over 400 m/s is achieved. This can 

otherwise be reached only with propelled bombs. Comparative calcula¬ 

tions showed that this penetrating power was ample to penetrate dock 

armor 220 ram. thick at an impact angle of 60e» The successful use of 

Device 104 depends on how far it is possible to combine the short flight 

time and the suall angle of elevation and lead angle into a technically 
successful sight. 

The sighting method that was proposed for actual use, computes the 

load angle from the rate of change of angle of the attacking airplane. 

The range was figured from the altitude and the dive angle." The lead 

was computed ns the product of the angular velocity tines the time of 

flight of tho shell* A measuring sight was devised to give the rate of 

change of anule* This device was controlled and pointed by a special 

gunner. The rates of change of angle were measured by a turn indicator, 

controlled by the sight used by the special gunner, Tho values were 

feu into a computer in which the range values, given by an altimeter 

and a horizon, were converted into firing leads. These values wort then 

transmitted to a pilot sight. In order to increase the accuracy of 
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5. Device 104 (35 ca»),(c) (Coat'd,) 

■Air 

point of aim aa rauch as possible, a six power magnification was planned 
for the pilot si¿ht (Fi;uro 12). 

Tactically the sight was to be used as follows: at about 5000 m, 
the airplane would go into a dive of about 60-80°. After 5 seconds, the 
lead was being fed to the pilot sight, so that the gun might be fired 
fren 4000 m. Tests and experiments were made with the angle speed sight, 
since it was considered important to see whether or not the rate of 
change of angle which is relatively snail could be eliminated from normal 
Hl^ht irregularities, It was found that the use of special damping sys¬ 
tems made this quite feasible. The foliowin,- table gives the ballistic 
and technical data concerning Device 104s 

General Data. 

Caliber mm* 
Muzzle velocity n/n 
Weight of projectile kg. 
Wei-jit of case - kg. 
Weight of complete weapon, 

loaded kg. 
Length of gun with muzzle 

brakes am. 
Number of shots 1 

Round of Ammunition. 

Weight of projectile (A.P, 
Length of projectile 
Wei.jit of explosive 
Weight of propellant 
Weight of boosters 
Weight of case 
Weight, complete round 
Length of round 
Typo of detonation 
Muzzle velocity 

) kg. 
mm, 
kg. 
kg. 
kg. 
kg, 
kg. 
ran, 

electric 
m/s 

350 
325 
700 
7Ó0 

5000 

10000 

700 
1200 
35 
70 
2 X 0,200 
700 
1470 
3000 

325 

i 
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5. Device 104 (35 en») (e) (Contad.) 

Bíirrel« 

Caliber 

Length 

Length of rifled, part 

Weight of barrel with 

m. 
Kin« 

nm. 

350 

7000 
7000 

nuzzle brakes 

Number of grooves 

Diane ter, through grooves 

Width of lands 

Typv of twist 

Maximum gas pressure 

Design gas pressure 

kg. 3500 
30 

mm. 371 

mm. 20 

oontant - right hand 

kg/mm2 1800 

kg/mn2 2200 

6. X 113A (7.7 era. - 4.5 enu) 

(a) Evolution. 

The Ordnance Bureau of the Air Mnistry and the Air Research Cen¬ 

ter at Braunschweig, together, developed a system for attacking armored 

vehicles and tanks from aircraft flyin: at altitudes of 5 to 10 meters. 

An automatic firm; system (based on magnetic principles) was developed 

for this purpose, A single shot weapon of sufficient caliber to destroy 

a tank with one shot was to bo used. This Large caliber single-shot gun 

was to be of the non-recoil variety similar to the Device 104, described 

in Paragraph 5 above. It was to bo made recoil-loss by filing two 

masses of equal weight out of both ends of one barrel. 

This was first worked out with the 7.5 cm. hollow charge armor 

piercing shell of 3 kg. shell weight, which was fired from the middle of 

a barrel 1600 mm» long, together with a counterweight of the same weight. 

Further developments proved that this shell was unsatisfactory. Hence 

it was decided to try to get the desired results with a sub-caliber armor 

piercin shell, which would pierce the armor and then explode inside. 

With this in mind, Rheinmetall-Borisg (who had been asked to parti¬ 

cipate in the project) developed an armor piercing core 5 cm, thick, 

inside an aluminum casin • The total shell weight was only about 1.5 kg. 
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6. SG 1I3A (7.7 ca« - cu») (a) (Cont'U.) 

oirxu this shell needed higher mzzle velocity to penetrate the required 

40 m. thickness of arnor p^ate, the weijht of the dud was increased and 
the assembly was fired, not from the middle of the barrel but from a 

point whore the length of shell travel arid length of dud travel are in 
inverse ratio to their weijhts. 

« 

iith this arrangement, a muzzle velocity of about 700 n/s was 
attained. To make manufacturin;; of the barrels simpler, a smooth bore 

w^s to be used, A number of captured barrels were used and, as a result, 

the barrel bore became 7»7 cm. A flanjed projectile was used as may be 
seen from Fij. I3,* , 

(b) Description. 

The special device 113A, consists of a smooth barrel of 1600 mm. 

length. The shell unit consists of tho shell and the counter-wèi 'ht, or 

dud, which are joined by a notched rod of known tensile strength. The 

propulsion charge, in a cardboard shell case, is placed between the shell 

and the dud (around the notched rod). Firing takes place through an 

electrical firin ; or detonating screw which is built into the dud, 

(c) Operation, 

After the firin; device makes contact, the powder charge is ignited. 
'Vhen onou.di gas pressure has been built up to break the notched rod, both 

shell and dud start moving. Both the shell a rtf the dud leave the barrel 

at the same time so that the latter remains free from recoil, 

(d) Assessment. 

An initial velocity for the projectile of 65O Vs attained in 

firing tests. This was sufficient to penetrate 45 mm, armor (of 120 

k,7mm steel) at an angle of,60°, As may be seen in the following table, 

the dud had a muzzle velocity of 125 and tho ¿;as pressure was about 

I7OO kg/cm2. V/ithin the limits of 10 meters, the projectile flics with 

enough stability to guarantee this armor piercing performance. The 

stabilization of the shell is probably due to the manner in which the 

iront /aide flange is fonued. According to the test stations of the Air 

Ministry, the. same penetratin,. of armor piercing performances were made 
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6. SG 1I3A (7»7 cp« - 4»5 ge,) (d) (Contad.) 

Cur in,, actual tost firin ;s fror, an airplane. Figures 14 to 18 inclusive, 
illustrate the installation of this ievice in an Hs 129 at Braunschjweig, 
where flight tests of this systen were made. Thé table bolow gives 
ballistic and technical data concerning the SG 113A, 

General Data. 

Caliber 
Muzzle velocity shell 

" » dud 
Weight of shell 

Ammunition. 

Type of shell 
Wei,ht of shell 
Len^'th of shell 
Weight of oxp.l váive 
.Yei,;ht of p repo liant 
Wei.'jht of aud 
Total weight of round 
Length f round 
Type oí firing 

Barrel. 

Caliber 
Length 
Wei Jit 
Maximum gas pires sure 
Design gas pressure 
Smooth bore 

Weapon. 

mm. 

Vs 
iÿs 
kg. 

A.P. 
k,. 
mm. 
6» 

G* 
kg. 
kg. 
ran. 

electric 

ram. 
mm. 

kg. 
kg/cra2 
kg/cra2 

Wei.;ht of weapon 
"Length of weapon 
Weight of weapon with 
ammunition 

kg. 
mm. 
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77/45 
650 
125 
1.9 

1.9 
140 
18 
36O 
10 
12 
530 

77 
1600 
4Ö 
1700 
2200 

48 
1600 

60 

—- .L, ■ a 
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n {t 3G 116 (3 cm«) (¿ellûriJuache) (c!) (Cont'cl.) 

o. shell weijht of 3I5 3. and reiaalneti perfectly steady while beinc fired 
from a pendulum type mount. Air tests ¿ave satisfactory results. The 
following table contains ballistic and technical data concerning the 
3G 116J 

General Data- ■ 

Caliber 
liuzzle velocity shell 

'' " dud 
Weight of shell 
Weight of weapon 
Length of weapon 

Ammunition« 

Type 

Weight of shell 
Length of shell 
Weight of explosive 
Weight of propellant 
Weight of dud 
Weight of round 
Length of round 
Type of firing 

Barrel 

mm, 
m/s 
iÿs 
kg, 
kg. 
mm. 

30 
B60 
200 
0.315 
28 
1600 

"ilinenjeschoss11 (H.E.) 

mm. 

8* 
5. • 
kg. 
kg. 
mm, 

electric 

?15 
140 
72 
125 
1.35 
1.8 
625 

Caliber 
Length 
Weight 
Len;th of rifling; 
Number of groovos 
Diameter botwoon grooves 
Width of Luid s 
Type of twist 
Starting angle 
Ending angle 

mm, 
mm. 
kg, 
mm. 

mm, 
constant 

30’ 

1338 
23 
1100 
16 
31.0 
3.4 nx. 

8° 30» 
8° 30' 
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7» SG lió (3 cu,) (¿bllonuusçhc) (d) (Cont'C.) 

Max. 'as pressure k,i/cn2 
Design ¿as pressure k.i/cn2 

Uai;'ht of weapon k^. 

Length of weapon rara. 

2800 
3600 
28 (one barrel 

only) 
1600 

^-7 to 119 (3 cja. multi-barrel), 

(a) Discussion. 

The idea of attaining ¿reator density of fire (shot-shell method) 
and the raethod of autoratic firing-release by means of the photo cell 

or similar devices, made the development of multi-barreled .Tins seen 

ocsirabiu. After consi ,orin all factors, it was .decided that an inter¬ 

val of about 3 or 4 milli-seconds between shots was most suitable, Ouch 
a time interval corresponds to a cyclic rate of about I5OOO to 20000 
shots ¿..or rainute* 

To achieve simplicity in construction end to use existinc ammuni¬ 
tion, the barrels and ammunition for the 3 cm., MK 108 aircraft gun wore 
useo. The most favored dosi n, as far as structure and. space considera¬ 

tions v/orc concerned, was a multi-barrel block containing 7 barrels. In 

or^.or to get free don from recoil, as the projectiles shot forward, the 

block was shot backwards out of a guide which was built into the airplane. 

• 

The barrels hau an average wall thickness of 5 mm., in order to get 

as small an outside diameter as possible and to keep down weight. At the 

. top uL the chamber where the highest gas pressure occurred, the barrels 
v/ero fastened together by r. sheet metal casing 5 an. thick, and the 
interstices were fxllad with concrete. Thus the stresses of the ‘indi¬ 
vidual barrels wer^ absorbed by the whole barrel block. 

The firin, plu ; was placed behind the shell in each barrel. This 

flu was maee of pl.stic an. had a small firin' pin and spring and the 

connecting wire on the rear surface. Behind this firin plug'all the 

barrels were closed off by a sin ;1¿ sheet metal disc which was screwed 

on. The ignition vares were brought together behind this .retal disc and 

led irj a distributor which delivered firin * current at a 'cyclic rate of 
20000 rounds, 

-Ö2- 
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ö* t0 119 (3 cm, mlti-barrel). (ContM.) 

n V TÍ01', t0 ûchiüVe even creator ahot-ahell effoc+ . 7 of the 
"I*™1, ^cks frc runted on a plate and thus formed a barrel bat- 
y of 49 barrels. Unlike the single barrel-block, t'his barrel bat¬ 

tery wc-s not recoil-less. The recoil was absorbed by a short recoil 
mechanism of buffer*. * AX 

« 

Further development showed that freedom from recoU could be 
attained m the barrel-blooks by usine a Jet-effect so that it was no 

orv.er necessary to shoot out the. entire single 7-barrel block. Experi- 

s-tí c^ri;i®u cut with a barrel provided with jot and, in order to 
sc.ve wei ht anu keep the diameter down, the caseless shell of nitrated 

caruboard was used. The first attempts gave good results and complete 

project fr0ra ^eCOll, bUt the eVönts of war prevented completion of the 

.* * \ 

(b) 3G 117 (Figure 20), 

an L. TheJ!Cldht tho barrol“block, including amrauniUon, was about 
47.kc* from recoil was achieved by fixing the block backwards. 

was i^stfiLleu in cither the wings or the fuselage, to fire 

verticaily upwards, firing being initiated by photo-electric ceUs or 
other automatic devices, (infra-red, etc.) 

After the first shot is fired by the release device, the barrel- 

block moves backwards, being guided out by suitable barrel-block guides. 
As the block moves backwards, a contact bar which is fastened to the 

«iS +!îC hra 7 ?ontací3> consecutively energizes the remaining shells 
th V wit f S rÍP ^íüSSÍOn* Thü firLn- interval corresponds to 
the Velocity of the barrel block as it moves through the guides and this 
velocity is so worked out that the desired interval of 3-4 ns. is 
attained. 

,. U3fnd ^veral barrel blocks together an additional tail con¬ 
tact is provided to release the first shot of the next block. 

(c) SGliar 
V 

The weight of the barrel-block with ammunition is about 30 kg. 
This is the same barrel-block as described above except that the instal- 
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H? to 119 (3 era, nmlti-üarrel). (c) (Contad,) 

lût ion in the airplane is not vertical but horizontal. No closed block.— 

guide is used, but merely guide rails fastened to the under side of the 
fuselagfc or wings, 

(<■’) 3J II9 (Figure 21), 

The weight of this battery with ammunition is about 200 kg. This 

is a barrel-battery of 7 barrel blocks, of 7 barrels each, hence 49 bar¬ 

rels in .all. It can only be installed in the fuselage, and the total 
recoil must be absorbed'by the airplane structure. It was specially 

developed as a shot-shell gun for the fastest new German fighters. The 

firin^ interval is. controlled by a firing-distributor, which is driven 

by springs. The release is initiated by means of a push button on the 

control stick. The barrel-battery moves in recoil against a buffer 

spring unit with a maximum recoil force of about 600Ö kg. The rate of 
fire was about 1000 to 1200 s#p,m. 

9. ra-15 (15 am,) 

This device was invented by a Hunjarian Army officer and was devel¬ 

oped by the Gustloff Works, buhl, Thuringia, at 'the order of the Air 

Ministry, This device permits firing 7 to 9 15 nun. shells at a cyclic 
rate of about 25000 rounds per minute. The 7 or 9 shells of 15 ran;, 

caliber are joined in a gas chamber (see Figure 22) which is supplied 

with prepulsivo gasos from a shell case. After-firing, the first shell 

lying centrally in front of the barrel leaves the barrel. As the first 
shell leaves the muzzle, the gas pressure in the boro drops; the*pres¬ 

sure in the sholl chamber feeds the next shell into tlie axis of. the bore 

so that the free glow of the propulsive gases through the open barrel is 

blocked, ITie second shell is then also shot out of the barrel and the 

whole process is repeated until the shell chamber is empty. 

As far as Rheinnetall-Borsig personnel kn«w, the biggest problem 

was the proper combustion of the powder, since, in order to avoid too 

high gas pressure it had to burn in a sort of saw-tooth curve. The pro¬ 

pulsive change was believed to function like a rocket charge. Detailed 

data about length and dimensions of the device were not krlown. The bar¬ 

rel of the MG I5I was. thought to have been used. Tests were supposed t.o 
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9. FH-15 (1$ 1.11.1») (Coni'¢,) 

have shovm that the shells had to have two rotating bands, with a second 
one near the centerinc rim, since otherwise any wobblin; of the shell in 
the barrel would daraaje it. The question of usinj shells with impact 
fuzes was not settled and was expected to present serious problems. This 
,-un was developed as a sinjle shot,, but it wac' planned to develop it as 
'in automatic. 

10, ^ (2 cm, 3 cm.) and I.1K 214 (5,5 cm.) Guns, 

(a) MK 213. .,. 
» 

i • ' 

As a replacement for tho standard UK 108 (3 cm.) ¿;un (which is des¬ 
cribed hereinafter), studies were Just beinj initiated for the design of 
the 10^213 ¿hin. The design of this jun was to be radio,-01 y different and 
usin5- 2 cm. projectiles it was to have a rate of fire of 1400 spin with a 
muzzl«. ve locity of 1000 rr^s, Usinj 3 cm. projectiles, it was to have a 
rate of fi’oe of 1100 ßp>u. Tho jun wei ght was to be about 60*kg. Tliis 
project was cut short by "war events". 

(b) MK 214. 

This ¿un was to be a 5,5 cm. ;un with a muzzle velocity of about 
900 a/s. The pun was to be belt fed and the total round was to weigh 
aoout 7 kg., the projectile with 450 jrs. of HE, to weigh about 1,8 kg. 
ror experiaantal pur^xises, a gun was made up, using parts from the stan¬ 
dard German armored-car :;un (KWK 39), but 5 cm. instead of 5.5 cm. cali¬ 
ber, Experiments were continuing when "war events" cut the project 
shon , 

11, Harp. Fighter^ Fist, Bomber Saw, 

(a) Harp, (Development by Hasag, Leipzig) 

The Harp consists of two rows of 20 unrifled 2 cm, barrels each, 
which are attached vertically to the side of the fuselage of an airplane, 
and out oí whicn are fired shells with fin stabilizers. The Harp was 
supposed to deliver a shot-shell pattern while passing under an enemy 
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11. lighter^ jlat. Bomber Saw, (a) (Contri») 

-.irpLino, The release v/as to be actuated by nwans of an optical device, 
die in^ivieual barrels were recoil-less, in that the powder colui.m be- 
;unw the shell was fired, electrically and burned so that the exhaust of 
.;asc8 was opposed to the ejection of the.shell. The 20 barrels were 
arran ed to be jettisonable, after firinc. Tests in the air resulted in 

satisfactory pattern of hits and sufficient stability. The effect.of 
the 2 en. mino shell was, however, not jreat enough, so that the whole 
evelopaont was changed to largor calibers, 

• . t-he Harp, a recoil-less sinple barrel of 12 cm, 
c liber .was installed to fire vertically upwards. The 3,0 c;n. Flak 
sh^U vdth incendiary shrapnel was used in this device and freedom from 
recoil was achieved by firing such a shell containin.; 300 incendiary 
pellets, from each end of the barrel at the same time. Flight tests 
showed insufficient damage effect fror.i the incendiary shrapnel and too 
low ballistic stability* 

(b) Fighter's Fist. (Development of Hasag, Leipzig) 

This is a sin ,le barrel of 520 on. length from which an H.E, shell 
of 5.5 cm. caliber is fired, also using optical actuation. The barrel 
h.~3 riflin,, an., iunctions both as barrel and shell case since it is shot 
backwards out of a fixed guide when the projectile is fired in order to 
eliminate recoil. The muzzle velocity of the shell la about 400 Vs» 
Hie external ballistics in firing were satisfactory. The Fighter's Fist 
.evelopaont gave promise because of its great effectiveness at the tar- 
>.t, its low cost, and the ease of manufacture and installation. Des¬ 
truction of the plant at Leipzig, by bombing, closed the project. 

« *■ 

(c) Bomber eaw. (Dc:velopraent ay Lieut, Jchlitter of the Air Force) 

Sclilitter's su, ;gostion was based on a multi-bari*olod gun which 
fires an oblique .blast either upward or downward, wherein firing is 
initiated by optical means while passing the target. The first develop- 
munt, callod the "whiskbroo::i", consisted of 60 2 cm», barrels, loaded with 
H.E. an¡:ainition and fired at a cyclic rate .of 20000 rounds per min. The 
recoil was kept within a limit of 5-6 tons by means of a base plate 
mounted on springs. The nuazlo velocity of 130 iÿs was not sufficient to 
provide suitable stability when firin at an an lo. The «2 era. caliber 
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* Har^, Fighter'a Fist, Bor.iber Sw,\ (c) (Cont'd,) 

//as. also CiscarauC because its iam.je effect was insufficient. Later 
.evelopomts called for 60 3 cn. barrels on a sprung platform. The 

Bomber Saw never jot beyond the experimental sta for the usual reason, 
i.o., "evuntsof the w^.r", • • •’ • * 

12. Puns in Service. 

(a) The iJP 131 - 13 ixi. * 

This jun is a recoil-operated 'tin with a fixed central bolt. It 
consists of: (1J, barrel vdth recuperator and casing: (2). bolt: (3). 
housing (4), buffer; (•>), food; (6), mjnetic tri.jjor with (7), elac- 
tric charjinj or (ß), air charjinj; (9) hand trigger v/ith (10), hand 
charging; and (11), belt. Further description anci details, with the ex- 
ception of the data toólo, are not given heroin, since the design of 
this .jun is. old; and :.an;r so., pics have been sent to' the United States. . 

^Ü1;rl0Wln,J tabl“ Cont' ias ’fistic and technical data concerning the 
Mu Ijl# 

Caliber 
Muzzle*velocity 
./oijit of slio 11 
Len;:th of shell 
.«eight of explosive 
'■/eight of propellant 
.ei jit of round 

Length of round 
T7pe of detonation 

Length, of barrel 
weight of barrel 
IJaxiaun gas pressure 
Design gas pressure 
’./eight of un with elect¬ 

ric charger 
Ion th of un 
Tj’T'e of food 

./eight of a link 

• cm. 1.3 
rys 750 
kg. 0.035 
on. 42 
kg. O.OO35 
kg, 0.007 
kg. 0.076 
nm, 105 

electriccal and 
laachani'cal 

ram. 55Ò 
kg. 3.6 

k,g/ cu2 3300 
kg/co2 3600 

kg. 19.5 
ran, 1185 

belt, right or 
leit feed. 

kg. 0,009 
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12. luns in Service« (a) (Contad.) 

id ¡ht oí belt with 100 
rounds . * 

Recoil distance of bblt 
.Veijht of bolt 
Recoil distance of ,¿un 
Recoil force 
Type of chor^in,- 
Type of firing 
Type of detonation 

Rs» 450 
electric, pnounatic or mnual 
electric or manual 
electric or mech.'inical 

electric 

(e) MK 101 (3 cn, ) cannon. 

This ;un is recoil-operated and has a centrally fixed bolt. The 
üionooloc barrel is mounted so as to be movable in the jun housin^j and 
when the ,ain is fired, the barrel moves back, beinj rigidly fastened to 
the bolt. A nuzzle brake, to reduce recoil, is attached with bayonet 
locking ^ threads so tint it con bo quickly ch:mgad. After unlockin ', the ' 
bolt slides further back under the pressure of the alia: lover (Jchleuder- 
hobel) ano ejects the empty case downward. The recoil of the bolt is 
limite i oy a suffer built inoo the jun housing. As the bolt ¡noves for¬ 
ward a new shell is fed in and alter the bolt action is completed the 
shell is fired mechanically. 

The feed is from above either by 6 round magazines or 30 round 
drums» A disintegrating continuous belt feed was also developed, but 
was. not put into actual use. The. gun is charged by compressed air, which 
pullo both tho barrel and the bolt back at the samo time. The tri.vor 
is actuated by a solenoid. 

To cut down recoil, thv gun is arranged to have recoil movement* 
The recuperator mechanism consists of spiral compression' springs, a shoe 
friction brake is built in. The indivictual parts of tfie gun are one 
piece forgings. The *un was in serial production but was eventually ro~ 
placed by the MK 103 'and. ;.1K 108 described hereinafter. The following 
table contains technical and ballistic data concernin this *un; 

Caliber cm. 3 
Vs 86O 
kg. . 0.33 

Muzzle velocity 
weight of shell 
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12. Guns in Service, (b) (Contad.) 

icijht of propellant 
Mua zle e/iergy » 
Vfeljht of róund 
Type of detonation« 
Length of barrel « 
Jei jht of barrel .■ 

■ M^xLr.mn gas ¿iressure 
Rate of fire 
Weight of ¿un 
Type of feed 
Tÿp° of firing 

(°) «-IK 103 (3 c;.i. ) cannon 

K:* 
at* 
kg* 

nechanical 
nn. 
kg. 

kg/cr.i2 
Sch/nia 

k 

0.106 

12.5 
0.78 

Í350 
AO • 
3300 
260 
130 

mgazine with 6 rounds 
Drum with 30 rounds solenoid 

'‘■o* 

^ This is a blow-back operated ¡un with a fixed central flan bolt 
wis rf^ 111 two Torr-ts: as an engine-mounted gun with a 

rcl° Th^r r 'k Jl^ íUb0' ünii aS a nüSö ^ with a ^nobloc bar- rcl. Tne construction was tne same except for the parts where the 
oarre1 was mounted, 

Tne barrel is mounted so as to bu movable in the un housing and 

ïn»«H«?“?ZZl%braï0 î° CUt c:°vm rccoil* 11 hr'3 a recuperator mechanism 
consisting, of spiral compression springs and has a shoo friction brake. 
Thu oarrel is set into the breech block by means of bayonet lockin' 

rl-rar‘s for inserted hardened 'bearing surfaces in the revi iuw6 lor the bolt action, 

,, . ’;''rí'!rch1 c'on3ists of thc breech-block and the bolt slide. In 
hu breech block aru the electric firing mechrnism, the food lever, and 

SCt£ ÍoU^ '• ^r^nt fQ°C' £or thc firin- ^chanism is attached 
to the bolt 3li.c. Bolt grooves are milled into the right and left sides 
Aüi la"° lln'~ thöS0 c'ctwato th- ilaP mechanism in the breech. The* 
cu chin fe.Cu is on tho’under part of the sli,.c. 

. 1 . 

. J110 .un ho^in ' iö of 3heut met;! stanpin -s in 2 halves. The 
aniar'b ^ Tlxi twc cylinders for the brake mech- 
SuSn 01 ^ iiousin;. Beneath the un 
bh ; fn' !5° 3*ri^with the bolt recuperator spring, the 
churgin uevic«, ane. tho electric-pneumatic trigger. The gun housing is 
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12. Guns in Service, fc) (Cont’C.j) 

closoJ. at the back by a cover plate. The sheet notai bolt feed is bolt- 
e un toj of the 31m housin ' and fastened at the back with a aulnii 

s=ä S-S Hr rr 'loves th« hnit t „ -LeíTi °r nLht, Oince the char^in- nechanisn only 

S8 
with n "î n i + h?i rr?r 0f thö en;’ine» A muzzle brake cannot be used 

^ tZlT^0rCâÍ Wrel rOCUPerct0r 3^8 

of ov^?7nnUOntS incr^aSö ^ cyclic rate resulted in rates of fire 

critSa6“ thïï"rafr “ír*6 ‘’“b*'110 0Í 'r“rloU3 proved to be 
»ar eSdod ' x*’“1*“»“’ tal- not ^ conploted »hen the 

lag tSa ‘iit""1" ballistic and tochnical data concern- 

Caliber 
Muzzle velocity 
Vfcicht of shell 
VfeiJit of, propellant 
Muzzle ener.^y 
Weijit of round 
lypo of detonation 
Lctfijth of barrel • 
Weicht of barrel 
Max, ¿as pressure 
Rate of fire 
VfoiJit of [3un 
Typo of feod 

T/pe of Urine 
î-tudijun recoil forée 
Impulse 

on, 
U.S 

K:» 
k¿. 
rat. 
kd. 

electric 
an, 
kd. 

k¿/cm2 
Sch/nin, 

k3 

3 
860 
0.33 
0.106 
12.5 
0.76 

1350 
23 
3300 
420 
140 

Disintegrating link belt,.ri^ht 
or left 
Electro-pneumatic 
tons 2 

kg.s 42 
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12. Guns in Survice, (Contad,) 

(^) MK 108 (3 cn,) cannon. 

, . fs on the raaas-’oolt system and was to be used for 
-ïlvi'i 1 r*-ln fusola-res> winCS, and engines as well as experiraent- 

anc. múltiplo mounts (turrets). The mass-bolt system 
Utssenvorriosslunjssystom) permitted the simplest type of construction 

^” ti îuÂSt hrJanUfaHtUr5 0t m* barrel is 

st~ -r1 tas ^ 
housi?" Prft0rh1 f0f Jùvico is in th^ frontal plate of the 
th V it th0 , thC JUn hüUSin;;i on top, is the opening for 
fh lovMr part of the foed mechanism is welded into 
the opening. At the back on;, of the run housin ’ are the lu. s for the 
ease plate ana on top of the housijv are luja for attaching the feed and 
theoiectro-pneumtic tri ;jer. On the left side of the housing a^ 

St ^ f°r ^ electric firin<- "r 3Witch contact. The f^S con- 
f ^slidr ^ at0IiPin S With rails to take the belt 
housini^is the thi.f/od lcVerS* 0n the bnck enJ °f the feed Aj i th^ quick acting oolt (Schnellverschluss). The feed may be 
chafed from rl^t to left hand -by chan^in indivic^l XtT 

inte-it fî- 18 rJîC° ^ 0í: (staraPe- manufacture) aoJ dis- 
fin S Î the cnPty case has been pulled back into it and ejected 
of t fT1 h°r^: In °rder t0 insurc trouble-free disintegration 
1 fihri11' a ^sinte-ratirv- device was supplied for either ri;jht or 
loft hr.nd operation arid fastened to the feed cover. 

The electro-pncumatic trimer is actuated by a movin,- piston. The 
bar .13 ^°c'. in a buffer with two circular sprin e. The con- 

the bolt 0nTihrie.ft Sid? Ji;11yers the current to the firLnj device in 
n iti tf ?" b? reilaCed by a switoh intact, which will indicate 
the automatic charßin2 in the case of mis-firos, and a rounds counter. 

^nnliCtí0lth(iVtír?Chl^8) iS rjade 0i a 3in^e f°reinc. It has two cams 
ÍTfÍJv,th^ W5°Í londth °r lts t0P 3i^ which feed the bolt. On top 
oi the hcac. of the bolt is the. self-activatin' loaf-sprinc ejector. Ex- 
periuunts have 'soon mdo with an ejector with spiral contrea¿Íon 
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i-S» Cuna in Scrvico, (e) (Cont^,) 

itixii;iun gas pressure 
Rato of fi.ru 
./eight of gun 
Typo of feed 
Capacity of clips . 
IVpo of firing 

kg/cm2 2400 
Sch/ min I40 

RC. 275 
Clip feed, from loft side 

6 rounds 
electro-pneumatic . 

(f) 5 cm. BK cannon (Soo Figure 23). 

. . At t^r^u'jst of tho Ordnance Bureau of the Air Ministry, the 
,-nk gun h,/K 39 was developed for use against heavy bombers. The 5 cm. 

DK consists of the old K./K 39, with slight alterations to the barrel, 
brooch one recoil mochaniani] a newly developed food« the. incorporation 
of electric firing and detonating, • 

The mogaaino, built aroun . the gun, was driven electro-pneunati- 
cclly ano held a total of 22 rounds. These could be filled singly or in 
continuous fire. Inside the magazine is an endless shell feed"chain 

. ^ ‘ by hant:i ^vcn if Jnly a portion òf the 22 rounds 
^ Jlr<;C‘* .To cut d0Vm rocuili the gun was equipped with a sieve 
ftuzzIf; brake. This gun was installed in tho ME 410 fighter. Its 
fimensiona were such that it could be put in tho forward bomb bay with- 
ßut.any change to the external shape of the airplane. About 300 of thd 
eevices wore built up to February 1944. Production was stopped on 
oroer oi the Air Ministry because the ME 410 was not fast enough. Tho 
ioilowing table contains technical and ballistic data concerning this 
gun* 

Caliber 
Muzzle velocity 
'/eight of shell 
./eight of propellant 
Muzzle energy 
Weight of round 
Typo of detonation 
Length of barrel 
./eight of barrel 
Gas pressure 
Rate of fire 

cm, 
ity/s 

Rg. 
kg* 
mt, 
kg, 

electric 
an, 

kg. 
kg/ca2 
dch/;nin 

5.0 
920 
1.35 
0.9 
73 
4.1 

3*040 
245 
2500 
45 
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12. Guns in Sorvlco, (f) (ContM.) 

’Joiijht of jun 
■fcijht of im inatallocl 
Type of food 
Capacity of drum 
Barrel recoil 
Type of firing 
Typo of brake 

ka. 350 
kj. 340 
dru^ magazine 
22 rounds 

oa. 335 
electric 
fluid 

(j) 7*5 cm. BK cannon. 

The 7«5 cm. BK was developed from the 7.5 cm. anti-tank run Pak 40, 
as a measure of expediency. This gun was chiefly intended for use 
against heavy, amor such as tanks and other armored vehicles. In other 
words, it was to be a flying anti-tank jvjn. Slight changes were made 
in the barrel nnc the recoil mechanism an»-, the breech was changed over 
to electric firing. The shell feed was made automatic with a drum maga¬ 
zine for 12 rounds. Food and.handling of the shell was done electro- 
pneuma tic ally. Tho shell was taken out of the drum and sho.ved in front1 
cf the open barrel by a parallelogram-like loading tray. From there, 
tho weijit of the shell slid, it into the chamber. After the breech was 
automaticíJ-ly closed, the shell was electrically fired. 

The gun was installed in the Henschel fighter, HS 129, Tho layout 
was so managed that the drum magazine was located in the fuselage. The 
barrel, which had a sieve muzzle brake, protruded from the nose'about 1 
motor. Up until the end of 1944, about 30 of the guns were finished and 
were used in the HS 129 fighter during the early part of 1945 on Ger¬ 
many's eastern front. The following table contains ballistic and tech¬ 
nical data concernin , this gun: 

Caliber 
Muzzle velocity 
ifeijit of shell 
V/eiJït of propellant^ 
Muzzle energy 
'.feight of round 
Type of detonation 
Length of barrel 
Vfeijit of barrel 
Gas ¿ ressure 
Rate of fire 

cm. 
Vs 
k.g* 
kg. 
rat, 
kg, 
electric 
1X1. 

k ;/ca2 
och/min 

7.5 
730 
6.5 
2.45 
185 
11,6 

3100 
450 
2800 
30 
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