CONFIDENTIAL SECURITY INFORMATION

Chapter 5

BERESIN AIRCRAFT MACHINE GUN AND
VYa AIRCRAFT CANNON

Weapons Included in This Chapter History and Background
Beresin Aircraft Machinc Gun Shortly after the invasion of Finland by the
] U. 5. 5. R,, the Russian Air Force replaced the
Designa- Bore Use ;PL;:;"{ small-bore rifle caliber Shkas with the 12.7-mm

ton diameter ance Beresin Aircraft Machine Gun.
‘The Shkas was a comparatively intricate and well
Bs | 127mm | Fixed . . {940 ﬂnished_;jmn, thu_ cost of :'r"r:hi{?h necessitated .t,hat it
UﬁrT" .. : . 12}*'—1111'11 I'lexible (turret).. ... | Early be kt?pt In operating condition as long as possible by
UBK. . 127-mm | Fixed installation in - repair and T‘EP]EL:ZE‘.IT'IEI'It Uf' parts.  In contrast to the
Wings. World ?}hkas, tIl'le ].?:E:I‘!E!Hll"l was {lﬂllhﬂt‘ﬂ:tﬂl}’ E}{pﬂﬂdah.lﬂ, that
UBS..... 12.7-mm 5}-'l1c|1£':):1ixec:lthrnllﬂfll War 18, the Sovicts ]?13.11 was o dl_ﬂtfard t.ht entire gun
“ after a short period of use during which one or an-
propeller arc, 1 other of the principal operating mechanisms be-

— camc worn or broken.
VYa Aircraft Cannon The design of the Beresin machine gun was
. | greatly influenced by a captured Lahti 20-mm ma-
D“:;f:a' ’difr'::f;w:_ Use | Year of appearance chine cannon (see Volume 1, pages 596-597);
' many fecatures of the Finnish gun appcar in all
| models of the Beresin.

V¥a..... 23-mm  Fixed.. FEarly in World War The earlicst version was called the BS, which

‘ | ‘ I1. stands for Beresin Samolenti (Beresin Aircraft).
Reports mdicate that 1t was produced late in 1940,

-rF B Rgroasngl s RO e

Figure 5-1. The Finnish Lahti Machine Cannon, top view iabove) and leit side (below).
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Figure 5 2. The Lahti Cannon with its feed drum, right and lelt side views.
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THE MACHINE GUN

The first instructors” manual put out for the field
service was on what was known as the “Universal
Gun” and appeared in 1941, a fact which seems to
indicate that only a few of the BS tvpe were made.

Later models were marked UBS, UBK, and UBT
to show therr intended method of mounting. The
ones stamped UBT were for turrct installations: the
UBK guns were installed fixed in wings; while the
synchronized weapons were given the designation
UBS and fired through the propeller arc,

Since the larger caliber Beresin machine gun was
designed to replace the rifle caliber Shkas in prac-
tically all aircraft, it was necessary to improvisc a
power system with an electrical servo unit to per-
form the lateral movement of the mid-upper tur-
rets. Successful installation of two UBT 12.7-
mm guns with ammunition boxes containing 500
rounds for each gun were made with this sort of
arrangement.

This type of Russian olfensive armament was not
undertaken until well along in World War I1. The
Russian Gencral Staft held that the low mental
level of the masses would necessitate training that
would be too expensive in both time and moncey to
warrant construction of many such complicated
devices.

VYa Awreraft Cannon.  When it became ap-
parent that rifle caliber machine guns were not ade-
quate for the arming of aircraft, the Russian High

“ommand, still following their fixed policy of using
only proved and reliable weapons, ordered the en-
gineering design team of Volkov and Yartsev to
take the battle-tested Beresin automatic firing mech-
anism that was then being made in 12.7-mm only

CONFIDENTIAL SECURITY INFORMATION

Figure 5-3. F. N. Volkov. one of the two engineers whose
initials appear cn the 23-mm VYa Gun.

and scale 1t up o use a high velocity 23-mm car-
tridge.

The Soviets’ choice of engineers for this all-im-
portant job proved sound, for in a short time there
appeared an automatic aircraft cannon that s
identical basically with the well known Beresin.
This weapon was the first-line aircraft cannon
throughout World War IT and was used extensively
in close air support.

The identification VYa is derived from letters in
the names of the designers.
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Figure 5 4. The 12.7-mm Beresin Aircrait Machine Gun.

SECTION 1. BERESIN AIRCRAFT MACHINE GUN

General Data Method of charging: Pneumatic { manual on frec
Caliber: 12.7-mm. gun ).
Rate of fire: 700-1,000 rounds/minute. Barrel weight: 13.5 pounds.
Muzzle velocity: 2,800 feet/second. Barrel length: Rifled part, 35 inches.
Gun length: Barrel removal: Not quick change.
UBS and UBK: 53 inches. Chamber pressure: 44,000 psi.
Gun height: 6.3 inches. Bare:
UBT': 55 inches. Number of grooves: 8.
BS: Not standardized. Groove depth: 0.0066 inch.
Gun weight: 47 pounds—56 pounds. Groove width: 0.11 inch.
Gun width: 5.9 inches. Pitch: 6°0227",
System of operation: Gas. Direction of twist: Right hand.
system ol locking: Lateral stirrup-shaped piece Form of twist: Constant.
MOVES aCTross 1Nto Trecess 1 receiver. Method of headspace: Buarrel wedge,
System of feeding: Disintegrating belt. Lacation of feed opening: Right side.
Method of cooling: Air. Location of ejection opening: Left side.
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Description of the Weapon

The Beresin was designed primarily for aircraft
use; however, the carliest model, the BS, was readily
adaptable to antiaireraft use and was applied to a
variety of ground armament, especially on armored
vehicles,

The weapon 18 gas operated. The firing pin is
not spring loaded. It protrudes bevond the bolt face
just far enough to detonate the primer when it is
driven by a pivoting piece striking the receiver.
Removal of the empty cartridge case from the face
of the bolt is accomplished by a rib runming through
the bolt body, camming the empty case clear of the
receiving walls,

The guns designated UUBS and UBK are charged
pneumatically, while the UBT is loaded by a hand
lever and has a much heavier and longer barrcl
than the other two guuns.

The weapon is rear seared and there is no pro-
vision for single shots, firing being full automatic
only. As an auxiliary safety device, if needed, the
gunner can hold the bolt by the pneumatic or man-
ual charger to the rear.

Feeding is always done by a metal, pull-out type
link belt.  The bolt always remains in a cocked posi-
tion at the end of each burst to exclude the possi-
bility of accidentally firing the cartridge due to a
“cook off” in an overheated barrel or chamber.
The Russians also went so [ar as 1o have a special
alloy for their bullets, which they claim gives pro-
longed life to the barrel.

Feeding is performed from the right side only
and 1s not mterchangeable. A modern metal dis-
integrating link belt is used. The links fall from
the right side of the receiver after the withdrawal
of the cartridge, which 1s a very unusual feature.
I'jection of the empty cartridges is done through a
slot in the left side of the receiver, on the opposite
side from which the gun is [ed.

These peculiar characteristics no doubt were pur-
posely incorporated in this weapon to give a cleaner
mstallation, in harmony with the Russian practice
of mounting aircraft guns beneath the engine cowl-
mg. In fixed mstallations, a heavy spring-loaded
arrangement is invariably found, in which the for-
ward part of the gun is supported flexibly by two

Figure 5-5. Receiver group of the Beresin, disassembled. In the foreground are the boorel retoining wedge (left) and the boll
lock (center), with dotted lines indicating their recesses in the gun body.
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trunnions on the body casing, while the rear is
fastened n a shding plate that can move back and
forth in a nuid yoke.

Locking of the Beresin is accomplished by forcing
the U-shaped breech lock into its locking recess by
advancing a sliding bar or bolt extlension.

This weapon is sturdy in construction and follows
the Soviet procedurt of wasting as httle effort as
possible an the exterior appearance.

As with other Sowviet mass-produced weapons,
sermu-skilled labar 18 used to the utmost on parts
that do not have to be made with finesse or preci-
sion, whercas the operating components receive
separate manulacture and intricate milling by
qualified workmen. The whole weapon 18 assem-
bled at a plant devoted solely to such activities,
Where filing is required for fiting, no attempt 1s
made to remove the marks, and no finish 1s employed
solely to better the outward appearance of the gun.

At first, omission of hardening caused the weapon
to have a quick drop in rates of fire after the soft
metals began to burr and deteriorate from use.
Correction of this flaw soon followed, bhut only the
parts that were offending the most were hardened.
However, the weapon, like so many ol the carlier

BERESIN AND VYa

guns, was reliable regardless of its crude workman-
ship.

For aviation use, the Beresin uses both general
and special types of ammunition such as tracer
bullcts, armor-picrcing incendiarics, and cxplosive
bullets which have sensitive and immediately react-
ing fuzes. The Beresin series uses one type of
cartridge which 1s used in the DShK Degtyarev-
Shpagin Heavy i, but it will not employ the same
tvpe of ammunition belt.

'The defensive armament of the first Russian air-
craft equipped with this gun was very primitive.
Gun positions and turrets were generally hand op-
erated; this imposed heavy physical demands on
the air gunners. The chance of scoring hits under
these conditions was correspondingly impaired.

‘The UBTL, UBK, and UBS include the following
modifications of the original BS. Other changes
were of a minor nature.

a. The weight was increased by 2 pounds.

b, Components could not be interchanged.

c. Improved belt feed mechanism.

d. Improved connection of the slide and piston.

¢. Changes in the groove in the slides.

Figure 5-6. Rear of the receiver of the Beresin Machine Gun, showing backplate with buffer removed. This method of gun
construction uses the backplate to prevent spreading tendencies of the sideplates.
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f. Improved method of securing the firing mech-
anism to the receiver.

g. Change in the provision for fastening the
buffer to the gun.

Cycle of Operation .

I'o fire the Beresin, the opcrator pulls the first
cartridge from a fced box on the right side of the
receiver, and pushes the cartridge and its link
under the bhelt-holding pawl. The bolt must be
fully forward.

‘The charging handle s pulled all the way to the
rear, and a T-slot on the bolt face, which 1s con-
nected to the gas actuating piston, withdraws the
cartridge from the belt and positions it farther down
in the T-slot. = The disintegrating link drops out of
the right side of the receiver. The rear sear holds
the operating mechanism back in the cocked posi-
tion with the cartridge against the bolt face.

When the trigger mechanism is actuated, the bolt
and gas piston are driven forward by the compressed

oo : I
L - e s

driving spring. The bolt arrives in battery first and
is now behind the chambered round with the locking
piece directly over the cuts in the breech lock plate
in the receiver. The gas piston is held to the rear
by the lug engaging a small swinging portion rest-
ing in its recess in the bolt.

The gas piston now cams the U-shaped lock in
the receiver and the lock then takes it place in the
breech lock plate. At the same time, the pivoting
member swings outward, permitting the gas piston
lo travel onward. As the face of the semicircular
firing pin is freed by the raising of the U-shaped
lock, the firing pin strikes the end of the receiver
and pivots, thus driving the pin into the primer
which In turn fires the cartridge.

The stirrup, or U-shaped locking piece, holds the
holt face securely behind the base of the cartridge
in the chamber until the bullet passes the barrel’s gas
port. A certain amount of gas 1s then bled into a
cylinder located on the barrel, and it starts the piston
to the rear by the time the bullet has cleared the

A Beresin Mcchine Gun used for anticircrait defense by Sowviet ground trcops in Werld War 1. The light-weight barrel
does not permit long bursts of sustained fire in such an installation.
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Figure 5-8. Impertant elements of the Beresin action.
(righth,
bore.  In the first fractional part of its movement,

the piston partially retracts the positioned cartridge
in the feedway and places it into the T-slot, where
complete recoil of the bolt assembly withdraws the
round fully from the link and a ribbed arrangement
cams it into the T-=slot.  In the first half inch of re-
coil, the lug of the gas piston releases the breech lock.
which moves gradually to the left before totally un-
locking.

This system of two-stage unlocking permits a
gradual creeping of the bolt rearward to loosen the
round, thereby performing a function known as in-
itial extraction. By the time final unlocking of the
bolt is acomphshed, the cartridge has been fully

CONFIDENTIAL SECURITY INFORMATION

The beolt {(center) slides between the fixed feed cam (left) and the belt lock
The lock has only lateral mection in relationship to the receiver.

loosened and the T-slot extractor needs only to hold
the empty case in position for ¢jection.  This takes
place at a distance from the breech end of the barrel,
which is greater than the over-all length of the
loaded cartridge.

A rib enters its slot in the bolt body, causing the
loaded cartridge to force the incoming round to the
left and to drive the spent case through an ejection
slot in the left and aft side of the receiver. This last
act places the incoming cartridge in the T-slot, in
position for chambering.

The base of the loaded cartridge cams back the
[ree-lloating firing pin. "I'he rib causing this action
is of very unusual shape, being uniform m width and
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increasing i height at an accelerated rate. The
gas piston and bolt asembly continue to recoil until
it strikes an unusually heavy spring buffer deflecting
it into counter-recoil.  If the trigger is held down,
the cvcle of operation is repeated.

The cychic rate of fire can be adjusted for use in
a synchronized installation by means of four gas
orifices marked 3.2 mm., 3.0 mm., 2.8 mm., and
2.6 mm.

Disassembly of the BS by Groups

1. Release the sear lever, unscrew the rotatable
part 114 inches to 174 inches 1o the rear of the re-
armament cable, Release the cable and the movable
parts, sceing to it that the spring does not fly up.

2. Drive out the bolt and pin that hold the pivot
in the bottom of the synchro-mechanism hox. This
act disengagces the components from the breech.

3. Prepare the barrel for changing by removing
the pin with pliers and the bolt with a wrench or
similar tool.

4. Separatc the barrel from the breech by un-
screwing and removing.

5. Secparate the piston rod, the piston, and the re-
cupcrator spring from the slide. Remove the outer
tube of the piston rod {by turning 34 to 74 of an
inch to the lelt?,

6. To remove the rear plate, pull to the back the
bolt which 1s holding the back plate. Remove the
cotter pin, thus releasing the bolt. The back plate
and the spring in the back plate must be removed
carcfully so that the spring will not fly up.

7. Release the trigger pull mechanism from the
back along with the guidc for the breech housing.

8. Remove the cover [rom the feed belt.

9. Remove the breech guide and the pins by
using pliers.

10. 1'ull the hreech bolt and its slide to the rear
and scparate one from the other,

1. Remove the breech and the breech bolt.

12. Remove the feed lever, and separate the
plunger from the feed lever.

13. Disengage the cartridge belt.

Assembly of the BS by Groups

1. Replace the cartridge belt holding pawls.

2. Replace the breech bolt in the breech.

3. Start the removable slide brecech into the
breech block as follows: Place the movable breech
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in the guideways of the receiver. Completely couple
the breech with the slide, then fit the guide into the
breech.

4. During assembly, the breech spring is replaced
in the shide.

5. Place the feed lever in the feeder collar, and
check contact with the conduit breaker before the
sear 18 placed in the breech.

6. Put the feed tablc in place.

/. Dlace the feed belt cover in the shide.

8. Assemble the piston rod with the slide. To
raise the brecch, adjust the spring by turning the
lug of the rod to an angle of 30° or 40°. Connect
the slot in the slide with the lug of the rod. ‘The
plunger bracket is placed to hold the cover securely.
Turn the socket of the piston rod until it engages
the recciver.

9. Assemble the barrcl with the receiver., To
operate properly, the barrel must be held securely.
Care must be exercised to make surce that the barrel
cnters the enclosure of the receiver.

10. Place the locking device of the barrel into the
receiver; position the barrel-holding wedge by press-
ing firmly toward Lthe right until it fastens securely.

11. Place the trigger mechanism in the recciver
by pressing it all the way into its groove guides.

12. Tn placing on the back plate, put the front
wings of the buffer into the receiver in such a man-
ner that the face of the disk is even with the front of
the back plate.

13. Mount the synchronizer mechanism in the
receiver.  Place the hall circular disk in position
and press it into its housing, put the bolt toward the
rear to serve as pivot point in the box. Release the
bolt during the mounting.  Be sure that the lever is
engaged with the sear.

Other Procedures

Manuals issued by the Russian Army concerning
the maintenance and opcration of the Beresin ma-
chine gun indicate that hammering and filing of the
parts is considered necessary for the fitting of com-
poncents in the field.

The following quotation is taken from a Russian
manual. “In inspecting the barrel, be perfectly
sure therc arc no swelling or splits; if there are, the
barrel must be replaced. The end of the barrel
entering and locking in the breech must be cleaned
with emery and a file.  The brazes and scratches of
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the rifled part of the barrel are removed with a very
light emery. Clean with patches of cotton cloth on
a ram rod, then with ail, passing the cotton patches
through until they come out clean. Inspect the
chamhcr for longitudinal small scratches. The
transversal scours and scratches must be removed,
as they cause jamming of the barrel; therefore, it is
of the utmost importance to clean the bore well at
all times. During the inspection of the chamber of
the gun, make certain that there are no cracks or
splits or swellings in this portion or any places where
the movable parts would contact during firing. Be
certain to use emery and polish the chamber and
the parts inside. The bracket is released and
cleaned separately.”

This manual includes a check-out list for ord-
nancemen to use before a plane takes to the air. It
is given here:

“Before combat flight, the machine gun must be
lubricated and checked. Note that the barrel and
breech bolt are correctly assembled. Note that the
cartridge belt is started correctly, the pawl 1s in op-
erating condition and the belt moves freely, and that
there arc no malformed cartridges in the belt.  After
the mounting of the machine gun in the airplane,
it is necessary before feeding to verify the function-

ing as follows: by the aid of the pneumatic system

of the re-arming lever, arm the machine gun. This
type of machine gun cannot feed while the bolt is in
bhattery. 'l'oleed, place the movable parts in a for-
ward position engaging the first round in the belt.
This positions the center pawl one space forward.
Be sure that the feed pawls are operating cor-
tectly. Check the springs and their action. Check
the sear and the actions of the scar. To arm the
machine gun completely, it is necessary to retract the
recoiling parts to the extreme rear. "These parts are
now against the sear, and the cartridge in the T-slot
ready for chambering. The machine gun is ready
to fire.”

This manual also includes a table of mallunc-
tions that were the most prevalent with this gun;
the first one listed is the faint strike, or non-firing
primer. The causes of this arc listed as:

a. Bad quality of cartridge,

H. The spring too weak.

¢. The percussion spring broken.

d. The firing pin badly worn or broken.

CONF

g. The breech lever worn out.

f. The sear release lever not in the receiver.

g. Disassemble and clcan the removable breech.
The remedy given for each of these situations 1s as
follows:

a. Reload the magazine and continue to fire.

b. Replace the percussion driving spring, after-
wards making certain the cause of malfunction was
a result of a bad spring.

¢. Change the firing pin pivot pin.

d. Change the firing pin.

e. File the guides of the receiver.

f. Tile the breechblock so that the part enters its
groove. The clecarance should be as much as 0.005
inch. The plunger of the firing pin can now enter
freely.

g. Disasscmble and clean the removable breech.

The second most prevalent malfunction listed is
“the cartridge stuck in the chamber.” As in the
No. 1 malfunction, the cartridge was named as the
first cause. These statements suggest that there
was considerable trouble with defective cartridges.

The causes of case scizure in the chamber are
listed as:

a. Bad quality of cartridge.

b. Not adequately lubricating thc weapon and
its ammunition.

¢. Friction of the belt in the feed guide.

d. Recuperative spring too wcak.

2. Recoil incomplete,

f. Trigger badly worn.

g. Goupling worn out.

fi. Cartridge extractor worn.

To remedy this fault, the {ollowing remedies are
listed :

a. Reload the machine gun and continue to fire.

b. Disassemble and clean, and inspect all oper-
ating parts at regular intervals.

¢. Inspect the belt, feed guide, and support.

d. Replace the recuperative spring.

e. Fxamine all movable parts.

f. Replace the lever of the automatic trigger.

¢. Replace the coupler.

k. Replace the cartridge pawl.

This manual states that of the ten most common
malfunctions encountered in the field, 8) percent
wcere traced to bad cartridges; and, further, that
when all the cartridges are fired and the last one 1s
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not cjected, if the bolt is not caught on the sear 1t
returns to battery forcing the empty cartridge case
back into the chamber, which by now is overheated.

SECTION

General Data

Calber: 23-mm.
Rate of fire: 650-750 rounds,/minute.
Muzzle velocity: 2975 feet/second.
Gun length: 84.53 inches maximum.
Gun width: 6.18 inches.
Gun height: 7.6 inches,
Gun weight: 145.2 pounds.
Svstem of operation: Gas, piston operated.
System of locking: Lateral stirrup-shaped piece
moves across receiver into locking recess.
System of feeding: Disintegrating belt.
Method of charging: Pneumatic {manual on frec
gun .
Method of cooling: Air,
Barrel length: 64.96 inches.
Barrel removal: Not quick change,
Chamber pressure: 47,200 psi.
Bore:
Number of grooves: 10.
Groove depth: 0.0138 inch.
Groove width: 0.205 inch.
Pitch: 57 347 277,
Dhrection of twist: Right hand.
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The usual result 1s the cartridge stuck in the cham-
ber, making it necessary to cool the gun for removal
of the empty case.

2. VYa

Form of twist: Concentric (postwar mode!ls
have progressive rifling 40,28 calibers).
Method of headspace: Barrel locking wedge.
Location of feed opening: Right side,
Location of ejection opemng: Bottom.

Description of the Weapon

The Russian automatic aircraft cannon known as
the VYa 23 mm is a scaled-up version of the 12.7 mm
Beresin and, like the Beresin, is gas operated and
depends on litille or no blow-back force to assist
the cycle of operation. The weapon was designed
primarily for aviation usc. It employs a pneumatic
charging system to retract the bolt assembly and
index the first round. The design permits the cool-
ing of the barrel only by air.

Feeding is accomplished by the use ol metal dis-
integrating links that come apart when the loaded
round is pulled toward the rear. The empty Iink
is then guided through the remainder of the feed
systermn and drops out of the left side ol the receiver.
There is no provision to reverse the feeding, it being
from right to left only. The empty cartridge cascs
are cammed out through an opening in the bottom

v ' o : 2
S A e

Figure 5-9. The 23-mm VYa Automatic Cannoen,
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Figure S-10.

of the receiver that is slightly rearward of the feed
way.

The weapon operates from gas impact on the
piston and has four ditfcrent sized orifices to regu-
late the amount of gas required [or diflerent rates
of fire. The dimensions are 3-mm, 3.5-mm, 4-mm,
and 4.5-mm. The first or normal, setting is 3.5 and
is reported to give a cyclic rate of 700 to 750 rounds
per minute.

All loading and charging for the initial shot is
done by the pneumatic system. This action is identi-
cal with the Beresin. One distinet difference be-
cuns 1§ that the VYa cannot be
synchronized. v

The components of this gun are not interchange-
able, alterations to insure a workable fit usually
being done in the field and accomplished by the

tween these (wo
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=

Figure 5 11.
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Method of mounting the VY¥a Gun in the wing of the Soviet IL-2 Airplane.

VYa Cannon undergoing firing tests at Aberdeen Proving Ground, Md.

simple method of filing or honing until the desired
clearance is obtained. Like all its predecessors, 1ts
construction is rough and even the inside has a mim-
mum of machining cuts.

Regardless of its external appearance, the VYa
is a rugeed, compact, hard-hitting gun. It was used
successfully by the Soviet Air Force during most of
World War I, principally for ground support.  Its
large-diameter high-explosive projectile has  an
unusually high velocity. This feature made the gun
excellent in low-flying attack on light tanks and
armored vehicles,

‘T'he gun consists of the following main groups,
listed bv the Russians as follows: barrel with gas
cvlinder and pneumatic cocking mechanism; breech
with breech rail; rccciver with buffer assembly;

cover; feed system; trigger assembly.

|
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Figure 5-12. Armorers installing a VYa Cannon in a Soviet plane,

+ o o i Rl

Figure 5 13. Receiver of 23 mm VYa Cannon. For similarities to the Beresin, see clso ligure 3-5.
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Figure 5-14. Operating slide and piston of VYa Cannon.

The barrel is 64.9 inches in length and is held
rigidly to the receiver by the insertion and driving
fast of a wedge-shaped piece that also serves the pur-
pose of maintaining the headspace incorporated
during manufacture.

The breechblock is attached to the breech rail.
These parts move together as a single unit. The gas
cylinder is attached to the barrel, together with the
gas piston and the gas piston block. While the
charging system is located above the gas piston
assembly, onc structural group is formed by the
joining together of these parts.
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Before the cartridge belt can be inserted, the gun
must be cocked.  As the jaws of the T-slot interfere
with the passage of the cartridge, the feed slide is
guided by a cam in such a manner as to index the
mcoming round in position to be picked up and
started in the T-slot in the face of the bolt. The
part known as the breech rail is guided in the re-
cewver by its slots, and its front end is struck by the
gas actuated piston. This force drives the rail to the
rear, unlocking the breechblock. The gas piston
itself 1s separate from the rail and serves only to give
energy to the latter part.

5 -7
o

Sy ;
S

Figure 5-15. Top rear view of VYa bclt, showing “pincers” which extract round from belt and position it in T-slot for feed cam.
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Figure 5-16. Operating slide of V¥a Gun, showing groove for stud of belt feed. Large lug at left fits in hollow portion of bolt.

The breechblock is locked by a U-shaped wedge
which moves in the casing vertically to the axis of
the bore, the locking wedge being controlled by the
forc-and-aft movement of the breech rail. The
cam of the feed slide runs along a groove machimned
in the rail. An additional cut-out at the front end
of the breech rail engages a piece that functions as
an anti-bounce device.

Attached to and housed in the breechblock is the
firing pin, which floats free until the receiver and
breechblock are securelv held together. At this
time the breech rail has reached the end of its for-
ward travel, and a lug on the rail strikes the firing
pin. At the top of the breechblock, two spring-
loaded jaws draw the incoming round from the belt.

Attached to the left-hand side of the bolt and
housed in a recess is a small pivoting member.  This
picce holds the breechblock and breech rail together
during recoil. The receiver is hox-shaped in appear--
ance and is equipped with longitudinal grooves for

cuiding the breech rail and breechblock. The front
end of the receiver has a bore just large enough in
diameter 1o admit the barrel. At the rear, sturdy
ribs hold the bolt assembly securely. This portion
is used as an abutment for the buffer assembly with
the bufler plate and for the cartridge guide cam that
has to be pushed into the rear end of the receiver
when the parts are assembled.

The cover group is used for closing the receiver to
keep out forcign matter and provide a ready open-
ing for visual check and maintenance of parts. The
fced mechanism is inserted from the top into its
erooves and is secured in place by the cover that, in
turn, is secured to the recciver by [our screws. "The
feed shde and the feed catch fit into the upper part
of the feed honsing. The slide is controlled by a rib
riding in a curved slot that is machined into the
breech rail. The cartridge holding pawls are lo-
cated in front and behind the feed shde. These
pawls engage the cartridge from the top and hold

g

Figure 5-17.

108

First phase of positioning incoming cartridge in T-slot of the VYa cannon.

A live round, which was withdrawn from
the belt by "pincers” at the top of the bolt, is being cammed downward in the T-slot and the empty case is being pushed out.
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Figure 5-18. Final positioning of cortridge for chambering in the VY« cannon. The bolt has reached its bufier and the incoming
round has been forced down to the centerline of the chamber.

it in position for being picked up and placed in the
T-slot.

Cycle of Operation

To fire the VYa, the gunner first actuates the
pneumatic charger, pulling thc brecechblock and
breech rail to the rear until the scar is engaged. The
cartridge belt is then inserted from the right side
until the first round is behind the belt holding pawls
and positioned so as to enter the spring-loaded jaws.
The trigger is pulled, allowing the breechblock to
fly forward and seize the rim of the first round.

The weapon is again cocked. This act with-
draws the round from its link, the link falling from
the left side of the feedway as the round 18 cammed
down into the T-slot until it is in position for cham-
bering. The weapon 1s now cocked and ready for
firing.

U pon actuating the trigger, the breechblock starts
forward, driven by the energy of its driving spring,
the cartridge is chambered by the continued move-
ment of the breechblock. At the farthermost travel
forward, the U-shaped breechblock locking wedge
rises vertically, cammed into its locking recess in the
rccciver by the last fraction of an inch of forward
movement the breech rail can make after the
breechblock is all the way home. This final travel
brings the lug on the breech slide in contact with the
firing pin driving it into the primer of the cartridge.

The barrel, brecchblock, and breechblock lock
remain securely fastened together until the projectile

has cleared the bore. However, when the port in
the barrel 1s passed by the projectile, a portion of the
gas 1s metered onto the head of the piston, striking
1t a smart blow which in turn drives the breech shde
rearward. The first movement of recoil allows the
stirrup-shaped lock to disengage slowly at first before
being totally unlocked.

This gradual withdrawal, with the T-slot holding
fast to the cannelure of the fired round, causes the
cmpty case to be jacked slowly rearward freeing it
[rom the chamber walls. The lock has raised and

“the empty cartridge is free to ride back, held to the

bolt face by the T-slot. A rib rides through a slot in
the body and upper forward portion of the breech-
block and cams down into the T-slot the incoming
round, that has been picked up by the spring-loaded
jaws and is now withdrawn from the link,

As the loaded round is forced into alignment with
the chamber, the empty cartridge case is pushed out
of the T-slot and through an opening in the bottom
of the receiver.  As the breechblock continues rear-
ward it strikes the heavy spring buffer, compressing
this piece and sending the firing mcchanism back
into counter-recoil.  The recoil catch prevents fur-
ther recoil of the breech rail. During backward
travel of the breech rail, the bevel attached to the
front end of this rail forces the recoil catch upwards.
This catch then locks into the front cut-out under
pressure of its heavy spring.

If the trigger remains depressed the firing cvcle
is repeated.
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Disassembly by Groups

Recmove the cover toward the top by depressing
the locking bolt and pushing the cover latch back-
ward. At the same time, the buffer assembly can be
pulled downward. The cartridge cam and the
breech buffer spring with the buffer plate can then
be extracted toward the rear.

When the pneumatic cocking mandrel is pushed
backward, the recoil catch is lifted and frees the
breech rail together with the breechlock.  After the
trigger 1s pulled, hoth parts can be removed from
the rear and the U-shaped wedge toward the top.
After the trigger i1s pushed to the stop, the entire
trigger assembly can be removed from the side.
After the four screws arc loosened, the entire feed
mecchanism can be taken from its guide grooves by
lifting.

The barrel, that has fastened to it the carrier for
the gas cylinder and for the pnecumatic cocking de-
vice, is pulled toward the front alter loosening the
wedge, This frees the gas piston with the pgas-
piston block, which then can be disassembled toward
the rear. After the threaded cap is unscrewed, the
pneumatic cocking mandrel together with the piston
and the spring can be extracted toward the front.

Disassembly of the gun into these parts is sulli-
cient for cleaning, No special tools are required.

To Remove Rarrel and Assembly:

1. From the left side of the receiver withdraw the
rcceiver barrel lock retaining slide upward out of its
recess, and push the receiver barrel lock to the right
and out of the receiver.,

110
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2. Rotate the barrel and assembly to disengage
the barrel lock from its recess in the receiver, and
pull the barrel and its assembly out of the recerver.

Assembly by Groups

1. Replace the breech lock assembly by inserting
it into its recess in the fore part of the receiver.

2. Place the belt holding pawl into the guideway
of the feed assembly, and slide to the right.

3. Insert the device for camming down the
cartridge into its guideway from the rear of the
receiver,

4. Replace belt feed slide plate into the guideway
in the top and rear of the recciver.

5. Before sliding the breechblock completely for-
ward engage 1t on the under side of the breechblock
feed slide plate.

6. Replace the breechlock receiver by pushing in
on the lock projecting on the left side of the bolt.

7. Push the entire assembly forward until the sear
within the right side of the recciver stops the bolt.

8. Pull back on the scar arm outside the receiver.
This action withdraws the sear, allowing the bolt and
belt feed slide plate to go forward.

9. The camming projection on top of the belt
holding pawl must be in alignment with the guide-
way on the under side of the belt feed slide plate.

10. Replace the cover,

To Replace Barrel and Assembly. Reverse the
procedure for removing barrel and assembly.
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Chapter 6

NS AND N SERIES OF AUTOMATIC
AIRCRAFT CANNON

Mcdels Included in This Chapter

C Bore | Yoear of
Designation | diameter Usc apprarance
NS37....... 37-mm | Fixed.. 1943,
NS 23, .. 23-mm  Fixed . .| 1947,
N3/ ... .. ... Fixed . .| Since 1947,

37-mm

History and Background

In July 1943, the Russian Air Force introduced
into service their first deviation from gas operation
in automatic aircraft weapons, the NS, "The gun
proper was desiened by Alexander Emmanuelovich
Nudelman, one of Russia’s top ordnance engineers.
The pneumatic feed system was originated by A,
Suranov, another armament specialist who was
highly respected by the authorities of the U, 5. 5. R.
The weapon is sometimes called the NS in honor of
Nudelman and Suranov.

In World War 11, the Russians stressed tactical
support of ground action by their aviation. In op-
erations against ground targets, 1t was well known

that the 20-mm and 23-mm class of cannon were
relatively ineffective. It was for this reason that
the Nudelman-Suranov 37-mm gun appeared. It
has been used successfully against armored vehicles
and fortifications as well as more vulnerable targets,
such as railroad trains and ordinary buildings.

The NS 37 is a 37-mm short recoil operated air-
craft cannon with a rather slow rate of fire. The
use of the short recoil principle i this weapon is a
revolutionary step in aircraft armament develop-
ment.  Heretofore, the Soviet automatic weapon
program, from light infantry machine guns to large
caliber aircraft cannon, was designed to utilize the
forces of gas for operation.

The NS and N guns usc the same locking principle
as the well-known German MG-151,/20 aircraft
cannon; namely, a two-piece bolt with a rotating
bolt head. This part is so designed that the rear
portion of the bolt is accelerated to the rear at the
instant of total unlocking and timed so that the aft
end is cammed rearward with great force, making
contact at the instant of unlocking. ‘This action

speeds the recoiling movement of the whole unit and
makes possible a high cvehie rate with a mimmmum of
working parts.

Figure 6-1. Left view of a 37-mm NS Cannon from underneath, showing the lines to the air flask and firing controls,
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Figure 6-2. Soviet armament enginesrs who worked on the NS Series. Left to right: Cribkov, Bundin, Lebedev, Nudelman,
RHichier, Suranow.

In the late eighteen mineties, Ferdinand Mann-  just prior to World War II and applied it so well
licher originated the rotating bolt head that un-  to automatic weapon design, both ground guns of
locked the action of the weapon. He used it suc- rifle caliber (MG-81 and MG-34) and aircralt
cessfully m a military rifle that was named for him: cannon (MG-151/20).
however, it was the Mauser plant located at Obern- Since that revival, the system has been imitated
dorf, Germany, that revived this system of locking  in automatic weapon construction by practically

Figure 6 3. 37-mm NS Gun. Field stripped.
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every major power. The family of Nudelman and
Suranov guns was no exception.

In November 1943, an NS 37 gun fell into the
hands of the Germans, who promptly put it under
test at their Mauser plant. The detailed German
reports on the weapon are available for studying the
technical phase of the early guns.

The Germans had such a high respect for the
original NS 37, thev placed it on a chart and had
it displayed prominently in ordnance establishments,
in order that the armament personnel could familiar-
1z¢ themselves with the new design.

The NS 23 was designed by Nudelman for a car-
tridge having a 23-mm projectile.  The designer
retained the characteristics and the crude exterior
of the NS 37, making improvements in the design
i the process of scaling down.

The smaller caliber weapon was the last model to
bear the official designation NS, The 37-mm can-
non that appeared soon afterwards is referred to as
the N 37, which implies, bv Russian standards, that
Nudelman had taken over the complete design of the
weapon, even to the [eed. The N 37, while employ-
ng a projectile of the same size as the earlier weapon,
incorporates a drastic change in cartridge design,
it being much shorter and having a smaller powder
charge. The resulting muzzle velocity is 2700 feet
per second.  The rate of fire, however, is increased.
The N 37 is far more refined in appearance, and
the total weight with feeder and accessories 18 con-
siderably less than the earlier version.

General Data for the NS 37

Caliber: 37-mm.
Rate of fire: 300 350 rounds,/minute.
Muzzle velocity: 2,850 feet/sccond.

Gun length: 1341 inches.

System of feeding : Pneumatic and spring.
Method of charging: Pneumatic.
Method of cooling: Air.

Barrel length: 9034 inches.

Barrel removal: Not quick change.

General Data for the NS 23

Caliber: 23-mm.

Rate of fire: 600 to 700 rounds/minute.
Muzzle velocity: 2,850 feet/second.
Gun length: 7834 inches.

Gun weight: 121 pounds with all accessories

attached.
System of operation: Short recoil.
System of locking : Rotating bolt.
System of feeding: Pncumatic.
Method of charging: Pneumatic.
Method of cooling: Air.
Rate control: None.
Barrel weight: 2874 pounds.
Barrel length: 574 inches.
Barrel removal: Not quick-change barrel.
Charmber pressure: 47,000 psi. (maximum }.
Bore: :
Number of grooves: 10.
Groove depth: 0.014 inch.
Groove width: 0.190 inch.
Pitch: 5% 12 right, uniform.
Direction of twist: Right hand.
Form of twist: Concentric.
Method of headspace: Factory established.
Location of feed opening: Lelt side.
Location of ejection opening : Right side.
Across rnfling lands: 0.910.
Across rifling grooves: 0.938.
‘I'ravel of projectile in barrel: 33 inches.

Description of the NS Series

Some featurcs of this family of weapons deserve
special note; one of these is the method whereby a
smooth counter-recoil action is accomphished by oil

Gun weight: 375 pounds including feeder,
charger, and external oil butfer.

System of operation: Short recoil.

Svstem of locking: Rotating bolt head.

37-mm NS Gun. Right sice view.

Figure 6 4.
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Figure 6-5. 37-mm NS Gun. Underneath view, irom right.

Figure 6-6. 37-mm NS Gun. Leflt side wicw.

Figcure 6-7. 37-mm N3 Gun. Hwdraulic ecunter-recoil control cylinder.

Figure 6-8. Closeup view of NS 37-mm gun fram left. The shorter and thicker cylinder on top of the receiver is the hydroulic
counterrecoil control. Link ejection chute is clearly visible on top of feed tray.
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NS AND N SERIES

bufling without lowering the weapon’s cvclic rate,
Another good point is that some firing pin assemblies
are so designed that the weapons can be converted
from synchronized to inertia firing by the mecre
adding or taking awav of components that go into
the over-all assembly of the firing mechanism.,  The
bolt, as 1t goes into the final movement to battery is
rotated 14 turn and locks by means of a lug on the
bolt body following cams which are in the barrel
extension.  Simultancously the firing pin, which is
fixed to a portion of the aft end of the bolt hody,
18 driven through the firing pin hole in the face of
the bolt into the primer of the cartridge. This
method 18 a common form of mechanics employed
to producc percussion firing.

When necessary parts are assembled for synchro-
nization, a firing pin spring and front sear are added.
This arrangement permits the bolt to go all the way
home and lock with the firing pin in a cocked posi-
tion and to be released only when scared off by the
trigger motor being actuated, causing a trigger bar
to pivot up and reclease the sear. Each shot is fired
at a predetermined time in the cycle since a me-
chanical obstruction has to be removed at each in-
stant of discharge. This dual firing system also
allows the weapon to be cither front or rear seared
as desired.

The bolt 1s energized by a compressed braided
wire spring that is housed in the charging cylinder.
Compressed air furnished to the gun through an
clectro-pneumatic valve operates both the built-in
charger and feed system. When the retracting
assembly 18 actuated, it simultancously drives the
holt to the rear position and powers the feed pawl
assembly, indexing the incoming round.

The feed shde assembly consists of three sets of
spring loaded pawls so located that they index the
imcoming round while at the same time holding two
other cartridges under control prior to positioning.
The Iink employed is very similar to the German
open type that was used by Rhinemetall-Borsig for
the MK~108 Gun. |

In the fecedway, there is a chrome plated link
stripper which separates the cartridge case from
the links and then guides them between chromed
surfaces to the link chute adapter. During the firing
cycle, stripping is accomplished befare the cartridees
enter the main body of the receiver, The link
chute adapter is secured to the top of the feedway
by a hinge, an arrangement which allows instan-
taneous opening for visual inspection or mainte-
nance. This piece is constructed of stainless steel
which has been stamped or pressed and then spot
welded, a type of construction known as “form

Figure 6-9,

37-mm NS Gun.

Barrel extension and bolt.
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Figure 6 10,

fitting.”  An extension of any reasonable length
can be added to this piece; it 1s also made of stain-
less steel, fastened together by pin-locked piano wire
hinges both fore and aft to make the necessary
length to guide the expended links from the adapter

e " i

37-mm NS Gun. Pneumatic feed pawl acluating
cylinder.

Figure 6 11,

37-mm N3 Gun,

Feed tray.

to the ejection slots in the fusclage or wings of the
plane.

When mounted to the airframe by a front and
rear trunnion mount, the NS 23 has an adjustment
for both azimuth and elevation. T'he {front mount,
which takes the major impact during firing, weighs
4 pounds 3 ounces and is provided with four mount-
ing holes. The entire assembly consists of a hinged
split ring with toggle bolt that fits snugly around
the adapter at the forward end of the receiver. A
sort of ball and socket joint allows movement neces-
sary for bore sighting, The rear mount is a stud
held in a solid metal block to which is attached a
threaded post. By positioning the latter part and
then moving the block to the desired degree away
from the axis of the post, both vertical and hori-
contal adjustment can be accomplished.
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NS AND N SERIES
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View underneath feed from left of receiver. The larger of the circular recesses on the edge of feed

tray is the seat for the pneumatie acluator (sce fig. 6 11).

2

Figure 6-13. 37-mm NS Gun. View underneath feed from left of receiver., The smaller recess under the feed tray houses the feed
cam return spring.

The 23-mm svnchronized gun is mounted differ-
ently than the un-synchronized gun. ‘lhe forward
support consists of trunnions integral with a ring
which is assembled to the front of the receiver, The
rear support consists of a hinged clamp which is
fastened around the rear of the receiver.

When the NS 37 was first introduced, it was
mounted in the YAK-Y fighter plane and was bolted
directly to the cylinder head of the engine.

It was later installed in the Stormovik, but in this
case, it was mounted underneath the wings. This
position did not prove satisfactory as the terrific
impact from recoil made the plane unmanageable if

during a burst of normal length one gun happened
to malfunction. Failure to recognize the necessity
of keeping plane design in step with weapon devel-
opment resulted also in structural failures at other
securing points.

The earlier method of fastening the weapon to
the engine’s cylinder block had another weakness;
the unyielding engine frame caused cracked cylinder
heads and mounting lugs. The Soviet cngincers
tried to overcome this by fashioning an adjustable
mounting voke that was rigidly fixed to the air-
frame. This later modification to the svstem of
mounting supported the back plate buller, but in
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Figure 6-14. Close-up ol feed-ray of 37-mm NS Gun. Teed cover which carries the belt holding pawl has been hinged to the left,
exposing the beltmoving powls.
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Figure 6-15. Receiver group of the 37-mm NS Gun. In the foreground is the barrel extension (which carries the holt) and to the
right of it, the recoil buffer.
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Figure 6-16, 37-mm NS Gun. Barrel and barrel extension, assembled.

118 CONFIDENTIAL SECURITY INFORMATION




CONFIDENTIAL SECURITY INFORMATION

e o

NS AND N SERIES

Figure 6-17. Close-up view of 37-mm NS Gun from right. The long thin cylinder on top of the receiver is the pneumatic charger.

Figure 6-1B. 37-mm NS Gun. Receiver Group. In the

order to make this change, 1t was found necessary
to move the pilot’s seat position slightly farther to
the rear. A male and female coupling type of
mounting bracket was also fastened to the cylinder
block and had splines cut in its body, to allow for
the recoil movement of the gun. The forward part
of the barrel was supported by a moderately close

fitting sleeve or bushing that was housed in the

hollow propeller hub.

The ammunition is carried in the plane in cans
of the removable type. They are made of alumi-
num, weigh 9 ponunds 2 ounces each, and come
equipped with twao small leather handles for carry-
ing. The nside dimensions of the cans are 16 x
104 x 8L4.  'The back side of the container has a
large hinged door, designed to facilitate loading and
stacking of ammunition. One of the most distin-

e

foreground is the barrel extension {left} and belt group (right).

guishing features about the smaller guns 1s the en-
closed buffer, whereby the heavy peculiarly designed
spring is housed inside the receiver, leaving the rear
end of the gun minus the conventional protrusion
that is on practically everv machine gun that uses
a mechanical means for buffing the recoiling parts.

The high muzzle velocity of 2,850 feet/second of
the NS 37 gave the projectile a high penetration of
armor when impact was at an angle that would not
causc ricocheting.

The NS 37 showed the Russians that they were
on the right track in turning to the short recoil prin-
ciple for operational energy. It also pointed out
that the weapon would have to be refined if it was
to serve a useful purpose in the future. Beforc long
another version of automatic aircraft cannon made

its appearance, the NS 23.
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Figure 6-19. Assembly views of a Soviet 23-mm NS Cannon.

The NS 23 can be mounted in either the wing or
fuselage. The latter mounting is more popular but
necessitates synchronization, which causes a lower
cyclic rate.  "T’he plane in which this gun is usually
mounted will accommadate only three, or at the
most four, guns. The fire power is, accordingly,
inadequate for air-to-air combat, ‘T'he gun is
effective in close ground support, especially against
armored vehicles.

The NS 23 aircraft cannon was used quite ex-
tensively with little or no change made in its con-
struction; however, just as soon as the end of hos-
tilities allowed them to do so, the Russians began
an ovcrall refinement program on both the 23-mm
and 37-mm versions. Whilc post-war models did
not deviate basically from the original design, there
have been refimements in these later versions,

One of the main changes was to do away with
the synchronizing of the firing mechanism. This
did much to simplify construction of the bolt and
its components.  The rate of fire was stepped up.
Also, every possible way to reduce the weight was
attempted and so successful were the Soviets in this
undertaking, that the post-war version designed for
their jet fighter is approximately 33 pounds lighter
than the type installed in the YAK-9, close air sup-
port plane.

Cycle of Operation for the NS Series

The cycle of operation for all guns of this series
15 similar and the following explanation which re-
lates specifically to the 23-mm NS would apply to
any of the other Nudelman designs.

Charging is accompilshed pneumatically through
a system involving two cylinders, one to move the
bolt rearward against its drive spring and onc to
charge the feeder springs. Both cylinders receive
air undcer pressure simultaneously through a sole-
noid-controlled valve.,

During charging, air under pressure acts on the
charger piston assembly in the drive spring housing.
Under this force the piston moves rearward, causing
the drive spring guide to compress the drive spring.
The bolt bodyv is attached to the drive spring guide
by a lug, causing the bolt body to move rearward
with the drive spring guide. Simultaneous motion
of the fceder cam plate depresses the bolt pawl al-
lowing the bolt body to continue rearward under the
force of the air acting on the charger piston assem-
bly, The rearward motion of the bolt body rotates
the bolt head lugs out of engagement with the re-
cesses in the barrel extension, thus unlocking the
bolt and allowing the air pressure to move the bolt
completely rearward to the seared position.
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LEFT SIDE

Meanwhile air under pressure enters the charger

cylinder for the feeder exerting force on the charger

piston assembly for the feeder. This force causes
the feeder cam plate to be lifted, thus compressing
the feeder springs, and moving the feeder slide out-
ward. The feeder pawls are forced upward against
their springs by the rounds in the ammunition belt
during this motion. The rounds in the ammunition
belt are held stationary during the outward motion
of the feeder slide by the action of the holding pawl
in the feeder cover plate.  After the feeder shide and
the bolt have completed their travel under air pres-
sure, the solenoid-controlled valve reverses, venting
the air on the high-pressure side of each piston.
This causes the drive spring to move the bolt forward
until it is caught by the sear, and causes the feeder
springs to move the feeder slide in. The feeder
pawls, which in the outward position moved up be-
hind the rounds in the belt under the force of their
springs, pull the belt into the gun and position a
round in the T-gslot in the face of the bolt. The
feeder cam plate releases the mechanical sear at the
end of its stroke, cauging the bolt to be held rearward
only by the solenoid-controlled trigger sear.

b e

To load the gun the feeder cover plate and the
link stripper asscmbly arc removed. The link of
the leading round in the belt is engaged with the
link stripper and the link stripper assembly is re-
assembled. The feeder cover platc is then imstalled.
After charging twice, the gun will fire upon release
of the solenoid-controlled trigger sear.

In this ready state the feeder springs are expanded,
and the cartridge is positioned in the T-slot in the
face of the bolt. When the solenoid is actuated by
the firing switch, the sear releases the bolt and the
drive spring sends it home against the barrel, o
chamber the round. The head of the bolt strikes
the base of the barrel and stops. The body of the
bolt continues forward, and a stud on the bolt head
extension follows a cam groove in the bolt body,
causing the head of the bolt to be rotated so that the
locking lugs on the bolt head engage recesses in the
barrel extension, thus locking the bolt to the barrel
cxtension. Rebound of the bolt body 1s prevented
by a spring-loaded pawl which snaps inte a recess
in the barrel extension.

As the bolt body nears the end of its forward
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Figure &-20.

122

37-mm N3 Gun.

Recoil buler asscmbly.
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travel, 214 inch after the bolt head is locked, the
firing pin is brought into contact with the primer,
firing the round.

When the round fires, reaction against the bolt
head causes the bolt assembly, barrel extension, and
barrel to move recarward, smce the bolt 1s locked to
the barrel extension.  After about “%;. inch of
recoil travel, the accelerator, pivoted in the receiver,
starts to move the balt body rearward at an increased
velocity, causing it to cam the bolt head locking lugs
out of engagement with the recesses in the barrel ex-
tension.  This is possible because the pawl which
prevents the bolt body from rebounding is disen-

gaged from the barrel extension during recoil by

the camming action of an intermediate lever be-
tween the receiver and the pawl.  (During charg-
ing this pawl 1= disengaged by the motion of the
feeder cam.)  The unlocked bolt continues rcar-
ward until it strikes the buffer spring. Tt rebounds
from the buffer, travels forward a short distance,
and 15 stopped by a mechanmicallv-operated sear,
which is controlled by the feeder cam. This sear
is side by side in the same housing with the clec-
trical sear; either of them can hold the bolt in the
rearward position. In the seared position the T-slot
in the head of the bolt lines up with a T-slot in the
freder, which acts as a guide for the cannclure of
the cases being fed.

As the barrel extension recoils, a shoulder on its
side lifts the cam platc of the feeder, compressing the
fecder springs.  Alter the barrel extension has re-
coiled 27%15 inches, the feeder springs are com-
pressed, and a spring-loaded latch, pivoted in the
receiver moves under the feeder cam plate to hold
these springs compressed. The barrel extension
continues rearward a short distance further, until
all of its remaining kinetic energy has been absorbed
by the helical recoil spring.  The total recoil travel
of the barrel extension is about 314 inches. At the
rear of the recoil position, the cnergy stored in the
main recoil spring acts to return the barrel and bar-
rel extension to battery.

The counter-recoil buffer starts to slow the coun-
terrecoiling parts when they are 11374 mches [rom
the battery position, reducing the shock of stopping
these parts.

CONFIDENTIAL SECURITY INFORMATION
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When the barrel extension is 114 Inches from
battcry on 1ts counter-recoil stroke, a cam on its side
releases the latch holding the feeder cam plate,
which allows the feeder springs to expand. The
expansion of these springs operates the feeder slide,
which forces a new round against the empty case
held in the T-slot on the face of the bolt head
(aligned by the sear) and pulls in the ammunition
belt. This causes the empty case to be pushed off
the face of the bolt and ejected through the side of
the recerver, while the new round i1s positioned 1n
the T-slot in the face of the bolt head. The links
are stripped from the rounds in the feeder by the
link stripper assembly and discharged through the
bottom of the feeder. When the feeder cam plate is
Lz inch from completing its feed stroke, it actuatces a
pin in the receiver which causes a stop pawl to be
moved out into the path of the round being fed,
causing it to stop in the proper position on the face
of the halt. A spring-loaded pin in the face of the
bolt acts to retain the cartridge on the face of the
bolt during ramming.

As the feeder cam completes its stroke, it releases
the mechanical sear holding the bolt rearward and
allows the drive spring to return the bolt ta battery,
initiating another cycle.

The synchromzed 23-mm NS Gun probably fires
the same ammunition and has the same performance
characteristics as the tree-firing gun, except that in
synchronized firing, its cyclic rate would be slightly
lower.  The physical proportions and weights of the
two guns are nearly identical.

Summary

The advantages and disadvantages peculiar to
this design are general throughout the series but the
following points apply particularly to the 23-mm
guns,

Adwantages. The advantages of this weapon ap-
pear to be as follows.

a. Mechanical ruggedness. It 1s probable that
part breakages are rare 1 this weapon. "The work-
ing parts are sturdy and apparently stressed only to
rcasonable levels.

b, Dependatnlify. The method of feeding 1s posi-
tive throughout. Since the empty case is pushed
out by the incoming round which, in turn, is posi-
tively positioned into the T-slots in the face of the
bolt while the bolt is seared, feeding jams should be
rare. Extraction and ejection are gentle and posi-
tive. In-line ramming contributes to dependability.

¢. Low silhouette. This feature 1s of significance
in fixed and flexible aircraft gun installations de-
manding minimum gun profiles,

d. Relatwely high belt pull. 1t is probablc that
belts of considerable length can be fed without am-
munition boosters.

e. Reltabiity. Operation of the weapon should
be reliable under a wide range of climatic conditions.

Disadvantages. The disadvantages of the weap-
on are as follows: low cyclic rate, moderate muzzle
velocity, rear scar or bolt after each round during
automatic fire. Although this featurec makes pos-
sible the positive feed and ejection feature and may
be justified on this basis, it is an unusual principle in
automatic weapons, and does reduce the cyclic rate.
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Figure 6-21.

23-mm NS Canncon, dismantled. The barrel is not shown.
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Recoil spring. 13. Charger solenaoid. 25. Feeder cover plate,

Charger hose assembly. 14. Charger valve housing. 26. Feeder assembly.

Driving sprindg. 15. Charger valve internal components. 27, Feeder Spring cap.

Driving spring housing. 16. Air connector. 28. Eeeder springs (inner and outer),
Driving spring cap. 17. Charger piston assembly (feederl. ;g FEE&E: sprmqlh;:uﬂmq.
Charger piston assembly (bolt). 18. Charger cylinder ifeeder). 31‘ Sear -::3;::1:11}1? ate.

Driving spring sleeve. 19. Barrel extension. np Sear oose Y.

Driving spring guide. 20. Bolt head. 33. Sear mounting pin.

. Link stripper assembly. 21, Bolt bedy. 34. Recoil spring retainer nut.

10. Receiver assembly. 22. Firing pin assembly. 39, Counter-reccil buffer housing.
11. Buffer spring. 23. Bolt pawl components. 36. Counter-reccil buffer piston.
12. Buffer housing. 24. Accelerator. 37. Counter-receil bulier cap.

Figure 6-21.—Continued
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Figure 6-22. The two major assemblies of the 23-mm NS Gun.
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Counterrecoil Buffer

Figure 6-23.

o

Receiver Assembly of Z23-mm NS Gun, showing chcorger, counter-recoil buffer, and charger

Figure 6-24. Chuarger apnd counter-receil bufler for Z3-mm NS Gun.

NOLLYIWHOJINI ALIENDAS TYILNIAIINOD

NND ANIHOYIW THL



NS AND N SERIES

=3
P

View of discssembled charge

23-mm NS Gun.

Figure 5 25.
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Fiqure 6-26. Feeder slide and link stripper for 23-mm NS Gun.
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6-27.

View of disassembled feeder for 23-mm

N& Gun.
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Bolt assembly for 23-mm NS Gun.

Figqure 6-28.
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Anocther view of bolt cogsgembly for 23-mm NS Gun,

Figure 6-23.
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Tigure 6-30.

View of disussembled bolt for 23-mm NS Gun.
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:Barrel 'Rétainat Recoil Spring Collax | Barrel Sleeve
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Figure 6 31. Barmrel. barrel sleeve, reccil spring collar and barrel retainer for 23-mm NS Gun.
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Feeder Latch
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Figure 6-32. Receiver assembly of 23-mm NS Gun showing feeder cam plate and mechanical sear linkage.
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Figure b-33.

T e W e i

Receiver, buffer, barrel extension

and bolt for 23-mm NS Gun.
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Figure 6-34.

synchronized verzion of 23-mm NS Gun.

View

of disazsemlzled halt.
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View of deluil stripped bolt.

Synchronized version of 23-mm NS Gun.

Figure 6-35,

CONFIDENTIAL SECURITY INFORMATION 135



9t1

NOLLYIWHOAINI ALHNDIS TYILNIAIINOCD

NND INIHOYIW dHIL

Figure 6-36. Synchronized version cof 23-mm NS Gun. Barrel exiensicn, viewed from the side.
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Figure 6-37. Synchronized version of 23-mm NE Cun, Barrel exiensicn, viewed from below.

Figure 6-38. Synchronized version of 23-mm NS Gun. View of burrel extension Irom side to show recess for lateral movement of ammunition.
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CYCLIC TIME=.1077 SEC.
CYCLIC RATE=557 ROUND/MIN.

Figure 6-3%. Time cycle for o 23-mm NS Gun.
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Chapter 7

AUTOMATIC WEAPONS DERIVED
FROM SKODA DESIGNS

Weapons Included in This Chapter

Designation

j LUlse

30-mm FLAK Model A.. .. ... " Anti-Aircraft.
30-mm FLAK Model B.. .. ... Anti-Aireraft.
50-mm PAK . . ... ... ... .| Anti-Tank.
55-mm FLAK .. ... ... ..... Anti-Aircrafl.
Anti-Aireraft.
.| Aircrall.

Th3-mm Recoillless. ... ... ..

History and Background

The world-famous Skoda Works was established
n 1859 by the Count of Waldstein in Pilsen, then a
city in Austria-Hungary. M. de Skoda became pro-
prictor a [ew vears later,

The factorv engaged in various types of metal
working and mechanical enginecring, as well as the
construction of war matériel.

The company’s early record in the production of
automatic weapons included the second successful
automatic firing mechanism, which was patented
in 1888 and appcared soon afterward. This
weapon was preceded only by the Maxim gun.
This 8-mm Skoda machine gun was invented by
Grand Duke Karl Salvator and Colonel von Dor-
mus, both of Austria, who sold their patent rights to
the Skoda Works.  After this venture, ]mwm-'-tri the
company’s interest turned to large-bore automatic
weapons.  In this field the company’s products have
been sccond to none throughout the vears,

After the victorious Allics formed the independent
country of Czechoslovakia at the close of World
War I, the Skoda Works produced automatic
weapons for not only the Czech Army but for other
countrics dectermined to encircle a defeated Ger-
many. Very soon control of the Skoda plant was

taken over by the French-owned Schneider Com-
pany, and in October 1919 the French Government
appointed the French Military Mission to study the
precedures developed by the Skoda plant and to
impart to the management of the plant progressive
French methods such as their advanced procedures
in constructing experimental gun models.

The Mission was cordially received and collected
extensive information about the ordnance designed
in the Skoda plant as well as know-how valuable
in the solution of various ordnance problems.
Among those cooperating with the Mission were
General Pelle who was made its head, his Chief of
Staft, Colonel of Artillery Clausse, the organizer of
the Czechslovakian Artillery; and Mr, Hasek, the
manager of the Skoda Works, [ormerly an Austrian
naval ordnance engincer.

Soon after the work of the Mission was com-
pleted, the Allies turned their attention to the need
for creating a small-arms plant that would be on
a par with the Skoda plant manufacturing facilities
in the production of heavy armament. The location
decided upon was Brunn, as a factory building was
in existence there. The plant which was developed
bears a Czcchoslovakian name which has been
shortened to the ZB Company. The following
chapter is devoted to it,

Between World War T and World War 11 the
Skoda Works continued to develop heavy arma-
ment.  The weapons discussed in this chapter
represent a portion of Skoda developments which
have attracted the interest ol many countries in the
years since World War I, when Czechoslovakia be-
came a nation.  Access to these developments by
vartous countries can only be suggested here. It is
generally known, of course, that the facilities of the
Skoda plant were used by the German forces after
their occupation of the country in 1939,
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In the summer of 1945 when Allied ordnance
teams visited the Skoda plant their study of interest-
ing items was hampered by the lack of drawings
and data which the company’s oflicials accounted
for as being destroved by bombing. At that time
the Russians were in control of Prague, and had
access to copics of all drawings, designs, and tech-
nical data through the Skoda offices there.

In the period since World War II, the Skoda
Works, like all Cizech industrial enterprises employ-
ing more than 250 persons have been nationalized.
After the Czcch government obtained control, an
attempt was made to begin moving munitions plants
out of Bohemia and Moravia to the Eastern part of
the country. Skoda development funds for the year
1947 were allotted to the restoration of the under-
ground plant at Dubnica, which had been badly
damaged in World War II.  Two-thirds of the out-
put of the eleven Skoda plants is earmarked for
Russia.

Communist dommaton of Czechoslovakia mn re-
cent vears is a matter of general information. It is
known further that the weapons described in this
chapter are in Soviet hands. Of particular interest
in this field of automatic weapons are the contribu-
tions of certain individuals under Russian control
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to a development program which was under way n
the Brunn plant at the time of German control.
The fascination large-bore automatic armament
holds for the Soviets indicates a trend which is tan-
gent to Skoda developments under German super-
vision.

While the automatic cannon discussed here are
somcwhat officially referred to as anti-aircraft ver-
sions with a tremendous weight and low rate of fire,
they are not to be dismissed without serious con-
sideration of their basic features. They are all
prototypes, and lightening them and spceding up
the action for aircraft installation would be com-
paratively casy.  One has only to remember that the
Germans proved their famous 88 tank gun in the
Spanish Civil War as an awkwardly designed anti-
aircraft weapon that scemed so clumsy and incfhi-
cient that the Allied agents never called attention to
its lethal potentialitics. It was called a secret
weapon at the beginning of World War II by
Allied Ordnance men until it was revealed later by
captured German documents that it had been in
action for proving purposes all through the Spanish
Civil War, but that its intended purpose was con-
cealed by its use as an anti-aireralt gun.
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Figure 7-1. Skoda 30-mm Automatic Gun, FLAK Model B, three-quarter front view.
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Figure 7-2. Skoda 30-mm Autometic Gun,
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FLAK Model B, right side view.
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Figure 7-3. Skoda 30-mm Automatic Gun, FLAK Mocel B, three-quarter rear view.

SECTION 1. 30-MM FLAK MODEL A AND MODEL B

General Data on Model A and Model B

Caliber: 30-rmum.,

Rate of fire: 1,000 rounds/minute {approx.).

Muzzle velocity: 3,350 feet/sccond.

Gun length: 121.2 inches (approx.).

Gun weight: 1,380 pounds (overall weight of
combined assembly ).

System of operation: Blowback (retarded ).

Svstem of locking: Short recoil.

System of feeding: Magazine and metallic link
belt.

CONFIDENTIAL SECURITY INFORMATION

Method of charging: Tlydraulic on Modc A
( Manual on Model B).

Mecthod of cooling: Air.

Barrel weight: 245 pounds.

Barrel length: 90.9 inches.

Barrel removal: Not quick change.

Bore:
Direction of twist: Right hand.
I'orm of twist: Standard constant,

Method of headspace: Factory established (not
adjustable).

Location of feed opening: "Top.

Location ejection opening: Bottom.
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General Description of Model A and
Model B

The design ol this mechanism was begun in 1937
by the Skoda Works. Tt shows signs of having been
mspircd by both the Gast and the Becker, German
guns of World War I which are described in Vol-
ume [ of The Machine Gun.

'T'his weapon 13 operated by short recoil and blow-
back, is fed by twin loaders operated by bolt recoil,
15 fired by percussion firing mechamsms, and utilizes
a hvdro-spring recoil mechanism.

Unlike most twin guns, which fire independently,
each gun 18 dependent upon the other, for the bolt
of each gun is mounted integrally with the barrel
of the opposite gun In order to increase the weight
of the recotling parts.  "Thus, if the left gun has fired,
the bolt recoils by blow-back and carries with it the
barrel of the right gun, and vice versa. Both guns
must be in full recoil posiion in order to initiate
firing, and each gun fires on the counter-recoil
stroke of the ather.

The guns are cocked simultancously by hand
operation of a crank, which mechanically retracts
the firimg mechanism.

Model A and Model B differ in the method of
locking the gun in recoil position and releasing them
at the proper time in the firing cycle.  In the Model

B this is done mechanically, while in the Model A
it 18 done hydraulically. This dilTerence is basic,
causing many major and minor variations in the
components and their operation. Comparison of
the text for the two models points up these differ-
ences.

All illustrations show the Model B, which is the
later model,

Detail Description of the Model A

A comparison of the detail descriptions of Model A
and Modcl B points up an intcresting difference in
connection with the mimmum burst for each model.
Model A is fully automatic, being able to fire a
minimum burst of two rounds by releasing the finng
lever immediately after the bolt moves forward.
The guns firc alternately until one of the loaders
becomes empty or until the firing lever is released.
Both guns are held in the full recoil position after the
last round has been fired; thus the loaders may be
recharged and liring resumed without cocking the
guns, that 1s, locking them back in recoil position.

Recoiling Parts. "I'he recoiling parts consist of
two sets of similar parts, symmetrically arranged,
each set being integral. One set consists of the lefl
barrel, the left barrel recuperator spring, barrel ex-

tension, right bolt, and recoil piston rod.  The other

Figure 7-4. BSkoda 30-mm Automatic Gun, FLAK Model B, stripped. Side view.
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Figure 7-5. Operating parts of Skoda 30-mm FLAK Model B Automatic Gun.

set consists of the right barrel, the right barrel re-
cuperator spring, barrel extension, left bolt, and
recoil piston and rod.

Fixed Parts. The major [ixed parts consist of
the main housing; a recoil mechanism assembly
which fits into the front end of the main housing and
is secured by two wedges; a trigger assembly, sear
asscmbly, and buffer assembly, which fit into the
rear end of the main housing; a bufter housing,
which fits into the rear end of the main housing and
1s sccured by two wedges; a center guide on which
the recoiling parts side and which is held centrally
between the recoil cvlinder assembly and the trigger
assembly; two ammunition loaders; two ejector and
loader lock assemblies; charging mechamsm with
charging racks.

Barvels and Barrel Extensions. Fach barrel has
interrupted screw threads at the breech end, which
mate with similar threads in the end of the barrel
housing. Each barrel recoils through a sleeve in
the front end of the recoil cvlinder housing. A nut
screws on the end of cach barrel and permits adjust-
ment of the mitial compression of the recuperator
springs.

Fach barrel extension slides on a stationary central
gumde when the recoiling parts are in motion.  The
left barrel extension slides on the bottom and left
side of the center guide, and the right barrel exten-

sion shides on the top and right side of the center
guide.  The surfaces interlock so that they cannot
be disassembled except by sliding out the center
gude.

A recoil piston rod is attached to a lug on cach
barrel extension and recoils with the extension. The
top surface of the right barrel extension is inclined
to form cam surfaces upon which cam followers ride
to wind springs in the loader. On the inside of
each barrel extension at the breech end is a sear plate
which engages a sear in the sear assembly when the
barrel is to be held in the full recoil position.  At-
tached to each barrel extension just to the rear of the
chamber is a firing cam which actuatces the firing pin
in the bolt as the bolt approaches the chamber.

Mounted on the right side of the left barrel cx-
tension and in line with the right barrel is the right
bolt. Mounted on the left side of the right barrel
extension and in linc with the left barrel is the left
bolt.

The recoil movement of cach set of recoiling parts
1s limited by contact of the rear end of the barrel
extension against the front end of the recoil buffer,
Counter-recoil movement of each set of recoiling
parts is limited by contact of the front end of the
barrel cxtension against a surface in the recoil
mechanism assembly.

CONFIDENTIAL SECURITY INFORMATION 143



CONFIDENTIAL SECURITY INFORMATION

Figure 7-68. Top-rear of breech end of Skodo 30-mm Automatic Gun FLAK Madel B.

When both barrels are fullv forward, there 1s a
distance of approximately 18 inches between each
bolt and its corresponding chamber.  Thus, a round
can be chambered only when both barrels are ni-
tiallv in the full recail positon.  Only one gun can
be loaded and fired at a time, for if both bolts were
released, both barrcls would go fully forward and
neither gun could be loaded.  Therefore, the barrel
in which the round is being fired must be in the full
recoil position at the time the bolt, which is moving
forward under the pressure of the recuperator spring
on the opposite barrel, chambers the round.

Main Housing. The main housing is a fabri-
caled structure of symmetrical desien.  Near the
rear end on cach side 15 a large opening over which
a loader 1= mounted and through which ammuni-
tion is fed to the gun and expended cases ejected.
On thc top of the main housing and at the rear

of the loader openings are two cjector and loader

latch assemblies which strike the base of the case
as the bolt recoils and force it downward through
the opening in the main housing.

In the top of the main housing opposite the
cjcctor and loader latch assemblies are openings
under which the loader winding mechanism oper-
ating cam in the right barrel extension moves dur-
ing the recoil and counter-recoil of the right barrel
extension. Through these openings extend cam
followers which transmit motion to the spring
winding mechanisms of the loaders.

On the top and bottom of the main housing arc
long raised scctions in which the recoil piston rods
recoil. The rear ends of these raised scctions per-
mit movernent of racks and are used in cocking the
guns. The rear end of housing also houses two
pinion shafts at the top and bottom, and three
idler gears which drive the cocking racks. 'The
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Figure 7-7. Skoda 30-mm Aulomatic Gun, FLAK Model B, stripped, rear view.

cocking mechanism bolts to the rear end ol the
housing on the left side.

In front of ecach loader is a spring-loaded plunger
cxtending through the top of the housing.  Pushing
the plungers releases the barrel locks and permits
the barrels to be turned and removed from the
barrcl extensions.

Recoil Buffer Iousing.
CONF

T'he recoil buffer hous-

ENTIAL SECURITY INFORMATION

g fits into the rear end of the main housing and is
held in place by two wedges. When in place, 1t
holds the trigger assembly firmly against its seat in
the rear end of the center guide.  The recoil buller
housing also holds the buller so that forward or
rcarward movement of the sear assembly within the
trigger  assembly  compresses the buffer  spring.
Through the rear of the housing extends a handle
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which actuates the scar lock.  On the right side 1s
a firing lever, firing lever safety lock, and a sear
releasc lever,

Trigger and Sear Assemblies. The trigger as-
sembly fits inside the hollow end of the center guide
and is held in this position by the buffer housing.
The sear assembly slides into the trigger assembly
on guides and can move forward and backward
agaimnst the pressure of the buffer spring which is
mounted on the cylindrical extension at the rear ol
the sear assembly. The buffer housing is first as-
sembled to the main housing, then the buffer com-
ponents arc assembled to the sear assembly and
retained by two nuts.  The cap on the rear end of
the buffer housing holds the buffer in place within
the housing. The spring can be compressed either
by movement of the scar assembly rearward when
the barrel extensions strike it upon recoil, or by
movement of the sear assembly forward under the
force transmitted to it through the bottom sear,
which holds the left barrel extension in recoil posi-
tion at the moment of firing.

The trigger and sear assemblics provide the
means of holding the barrel extensions in the recoil
position and the means of releasing them at the start
ol the firing cycle. After firing starts, locking of
the barrel cxtensions in full recoil position and
unlocking al the proper time in the firing cycle is
accomplished hyvdraulically by the recoil system, as
described in a later paragraph.

The top sear hinges upon a pin in the trigger
assembly and bears against a spring-loaded plunger
in the sear assembly. The finger of the top sear
rests upon a flat in the sear trip shaft. The bottom
sear hinges upon a pin in the sear assembly and
bears against a spring-loaded plunger in the sear
asscmbly.,  The finger of the bottom scar has a flat,
which bears against a flat on the scar trip shaft, and
a curved cam surface which bears against a dog.
A spring-loaded plunger under the front end of the
dog tends to keep the rear end depressed and bear-
ing against the curved cam surface of the bottom
scar finger.

On top of the dog is a spring-loaded slide which
can be moved by a lever.  When the slide is to the
rear, it holds the rear end of the dog depressed.
Thus, when the sear assembly is forced forward into
the trigger assembly carrving with it the bottom
sear, the finger of the bottom sear is cammed down-
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ward and the rear end of the sear, which engages
the sear plate of the left barrel cxtension, moves up
out of engagement with the scar plate and permits
the barrel extension to move forward under the
force exerted by the compressed barrel recuperator
spring.

The top sear, which engages a sear plate in the
right barrel extension, is moved out of engagement
with the barrel extension when the sear trip shair
18 rotated, allowing the barrel extcnsion to move
forward under the force cxerted by the compressed
recupcrator spring of the right barrel. This is ac-
complished through the camming action between
the sear finger and engaging (lat on the trip shaft.

IF'urther movement of the trip shaft will also cam
the finger of the bottom scar downward to discn-
gage the sear from the barrel extension. Further
movement of the trip shaft is required for this be-
cause the end of the trip shaft which engages the
bottom scar finger consists of two flats at an angle
to each other. The second flat does not engage the
finger until alter the trip shaft is rotated sulliciently
to trip the top scar. The trip shaft may be rotated
by pulling the firing lever which, through linkage,
turns the shaft which, in turn, pushes the plunger
which is connected to the lever on the end of the
scar trip shaft.

The firing lever can be removed just far enough
to trip the top sear. However, one lever acts di-
rectly on another to rotate the trip shaft sufhiciently
to trip both sears. This lever is used, therefore, to
release both barrel extensions and unload the barrel
recuperator springs during a period of inactivity,
and also serves as a safely to prevent accidental trip-
ping of the scars by either the firing lever or sear
lever.

The sear lock assembly fits into the round exten-
sion on the rear end of the scar assembly and is re-
tained by a pin. lurning the handle rotates the
lock shaft which moves forward under the camming
action of the spiral grooves. When the lock shaflt
moves forward. its end engages mating recesses in
the sear plungers {when the sears are in engagement
with the barrel extension] so that the sears cannot
be tripped. This is a salety feature to prevent ac-
cidental release of the barrel extensions on firing.

When the firing lever is operated to rotate the
shaft, the link is pushed rearward, bringing the dog
into engagement with the finger of the bottom sear.
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Since the finger has not yet been depressed, the dog
will bear against the side of the finger, and further
movement of the firing lever will telescope the two
plunger components within the connecting link,
When the bottom scar finger is depressed by for-
ward movement ol the sear assembly into the trigger
assemnbly, the dog will snap over the top surface of
the bottom sear finger and hold it out of engagement
with the barrel extension until the firing lever is
rcleased or until the ink 1s moved out of engagement
with the shaft by rotation of the lever.

Two levers are opposite a groove in the top left
side of the trigger assembly, and onc lever is opposite
a groove in the top right side.  When the gun is
assembled, interlock rods extend rearward through
thesc grooves from the rear cnds of the ¢jector and
loader latch assemblies.  The interlock rods extend-
ing from the front ends of these assemblies are linked
inside the assemblies to the rods extending from the
rear in such a manner that when the front rods are
pushed rearward, the rear rods are drawn forward.
Each front rod contacts the lever m the loader,
which 1s held depressed when ammunition is in the
loader. Therefore, when ammunition is in the
loader the rods extending rearward from the extrac-
tor and loader latch assemblies are held forward
against springs in the assemblics.

When the last round leaves the left loader, a lever
moves out and permits the read interlock rod to
movce to the rear and strike levers, disengaging the
doy [rom the finger of the bottom sear and moving
the slide forward out of engagement with the dog.
The bottom sear then moves nut to engage the left
barrel extension, and since the dog is no longer
held down against the cam surface of the sear finger
by the shide, forward movement of the sear assembly
cannot cam the sear out of cngagement with the
barrel extension. -

When the last round leaves the right loader, a
lever in the loader moves out and permits the rear
interlock rod in the right cjector and loader latch
assembly to move rearward and strike the lever,
disengaging the link from the shaft and permitting
the shaft to rotatc. The top sear then springs out
to engage the left barrel extension.

Assume that the loaders are full of ammunition
and that both barrel extensions are in the full recoil
position and engaged by the sears. Pulling the firing
lever disengages the top sear and allows the right
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barrel extension and left bolt to move forward, stnp
a round from the left loader, and chamber it in the
left barrel. As the round 1s chambecred, the firing
pin lever strikes the firing cam and fires the round.
Blowback forces the lelt bolt, right barrel and exten-
sion rcarward agamst the recoll bufter.  The exten-
sion does not engage the top sear, as the sear is held
out ol engagement by the firing lever. The barrel
and extension are held back, however, by hydrauhc
locking action in the recol mechanism, as explained
in a later paragraph.

At the ume of firing, the force of friction between
the moving projectile and the barrel forces the left
barrel and barrel extension forward against the bot-
tom sear which is assembled to the sear assembly,
The scar assembly moves forward under this force,
against the recoil buffer.  This movement cams the
bottom sear out of engagement with the left barrel
extension and allows the left barrel, extension, and
right bolt to move forward, strip a round from the
right loader, and fire it in the right barrel.  As the
bottom secar 13 cammed out of engagement, the dog
moves over the finger of the sear and holds it out of
engagement, and the sear assembly and buffer re-
sume their neutral position.

As the right bolt chambers and fires the round,
the recoil piston of the left barrel causes the right
barrel, extension, and recoil piston to be hydrauli-
cally unlocked. As the right bolt, left barrel, and
extension recoil by blowback and strike the buffer
and lock hydraulically in [ull recoil position, the
left bolt, right barrel, and barrel extension move for-
ward, and the bolt strips a second round from the left
loader and fres it in the left barrel.

This cycle repeats until the firing lever is released
or until one of the loaders becomes empty.  If the
firing lever is released, the top sear springs out to
cngage the night barrel extension, and the dog s
pulled out of engagement with the bottom sear,
which allows the bottom sear (o engage the left
barrel extension.  Thus both harrels and extensions
are held in full recoil position after firing ceases.

If the left loader becomes empty first, the left
loader, interlock rod springs rearward from the left
ejector and loader latch assembly, strikes levers, and
allows the hottom sear to spring out to engage the
left barrel extension as it recoils from firing the next
to the last round from the right loader. When the
last round from the left loader fires, the left bolt,
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richt barrel, and barrel extension recoil and are
hvdraulically locked in full recoil position, the top
scar still being in the disengaged position if the firing
lever is still held back.  When the firing lever is re-
leased after firing ceases, the top sear springs out to
cngage the rght barrcl cxtension.  Note that onc
round remains in the right loader after firing ceases.

Recotl Systemm. The recoll system i1s a double
hydro-spring system, consisting of a hydraulic recail
cvlinder and piston rod, a replenisher, and a re-
cuperator spring for each barrel. The hvdraulic
portion of the system is contained in the assembly.
In addition to absorbing part of the recoil energy,
the hvdraulic svstcm acts as a timing dcevice,
hydraulically locking each barrel and barrel exten-
sion in the full recoil position and unlocking them
to permit them to go forward under the action of
the recupcrator spring at the proper time in the
firing cycle,

The left cvlinder contains a piston and a piston
rod which is connected to the left barrel extension.
The right cvlinder contains a piston and a piston
rod which is connected to the right barrel extension.
The walls of the cylinders have throttling grooves
of constant depth for the entire length, except ap-
proximately for 4 inches at the rear end where the
bore is smooth.

‘The replenishers are smooth cylinders, each con-
taining a spring-loaded piston. Thev serve to keep
the system full of fluid and to permit expansion of
the fluid. "I'wo spring-loaded one-way valves arc
in the circuit connecting the left replenisher and the
left recoil cvlinder through limes. Onc valve has
a stronger spring than the other valve.  As the piston
recoils into the smooth bore section of the cylinder,
flurd 15 displaced to the front of the piston through
lines and one-way valves. Flow of fluid into the
replenisher is restricted by the small 3f4-inch di-
amcter orificc in the entrance to the replenisher.
A one-way valve has a small Ys-inch diameter
orifice through which fluid flows between the re-
plenisher and recoil cylinder to compensate for
leakage, expansion, and contraction of the recoil
fluid. The one-way valve does not permit flow of
fluid from the cylinder to the replenisher except
through this onfice.

The piston of the left recoil cylinder is bypassed
bv the lines. This circuit 15 blocked by a spring-
loaded valve, which is operated by a pressure differ-
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ential in the lines leading from the valve to the front
end of the right recoil cylinder. When the piston
of the right recoil cylinder 13 moved forward, it
passes the port of the line.  Pressure ahead of the
moving piston being greater than the pressure back
of it causcs the valve to open and connect the bypass
lines. At this moment the piston of the left cylinder
will normally be in the smooth bore section of the
cvlinder (full recoil position). Prior to opening of
the bypass valve, the piston in the left cvlinder can-
not move forward under the force exerted by the
harrel recuperator spring becanse fluid ahead of
the piston cannaot be displaced.  Assoon as the valve
15 open, however, fiuid can be displaced from the
[ront of the piston to the rear through the lines and
valve. As soon as the piston enters the grooved
section of the cylinder, fluid is displaced to the rear
of the piston through the grooves. (ne valve closes
when the forward movement of the piston in the
right cylinder stops, as the pressures ahead of the
piston is the same as the pressure back of it.

Assume that the left bolt, which 1s connected to
the right barrel extension, is moving forward to
chamber a round in the left barrel, which is in full
recoll position. The right recoil piston rod, which
15 connected to the right barrel extension, is also
moving forward, under the force exerted by the
compressed recuperator spring on the right barrel.
The left barrel, barrel extension, right bolt and left
recoil piston are held in full recoil because the piston
15 1n the smooth bore section of the cylinder and
there is no path through which to displace the recoil
fluid.  As the piston in the right cylinder passcs the
port of the line, the differential pressure created in
the lines opens the valve, allowing the piston in the
left cylinder to move forward by displacing fluid to
the rear through the valve.  As the piston moves
forward under the pressure exerted by the left barrel
recuperator spring, the right bolt strips a roimnd from
the right loader and carries it forward. As the
piston starts to move forward, thc round bcing
chambered in the left barrel fires. The left bolt.
richt barrel, and barrel extension are driven back
by blowback, carrving the right recoil piston rear-
ward into the smooth bore section of the cylinder,
Fluid passes to the front of the piston through the
throttling grooves until the piston reaches the smooth
bhore section of the cylinder. Fluid then passes to
the front of the piston through lines and one-way
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valves. The piston is held in this position until the
piston passes the port ol the hne.
differential created in these lines opens the valve,
allowing piston to move forward by displacing fluid
to the rear through the valve, This action repeats
until one of the loaders becomes empty, or until the
firing lever is released.

When the barrels are held in recoil position by
engagement of the scars with the barrel extensions,
the recoil pistons are probably just in front of the
smooth bore section of the recoil cylinders. Thus
hydraulic locking would not take place when the
sears are released to allow the barrels to move for-
ward for firing the first two rounds. Firing of the
first two rounds and all subsequent rounds, how-
ever, causes the barrels to recoil past the position
where the scars cngage the barrel extensions. The
recol] pistons then enter the smooth hore sections of
the recoil evlinders and hydraulic locking takes place.

Since some clearance exists between the recoil
cylinders and pistons, hydraulic locking cannot be
maintained indefinitely. The piston will gradually
move forward into the grooved section of the cylin-
der as oil is displaced to the rear of the piston through
the clearance between the piston and cylinder.

Cocking Mechanism. The cocking mechanism
provides means of retracting the barrels and barrel
extensions until the extensions are engaged hy the
sears, It consists of racks, two pinion shafts which
drive the racks, and a hand crank shaft and brake
asscmbly which drives the pinion shalts simultane-
ously through three idler gears on the left side of
the main housing. Each rack has a lug which en-
gages a shoulder on the rear end of each barrel ex-
tension. After both barrel extensions are engaged
by the sears, the racks are returned to their forward
position by operating the hand crank shaft in reverse.

Loaders. The two loaders arc similar in design
to those for the Maodel B, differing only in the
method of winding the loader springs.  Each loader
has a capacity of 9 rounds.

The rounds arc fed downward by “star wheels™
mounted on 8 shafts, all of which are driven by a
common shaft which in turn is driven by a cross-
shaft actuated by a spring in the housing. This
spring is wound initially by hand by turning a
knurled wheel, then both springs are wound simul-
taneously by action of cams in the top of the right
barrel extension during recoil and counter-recoil

The pressure
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of the extension. A cam follower rides in one of
the cam grooves and moves up and down cach time
the right barrel extension recoils and counter-recoils.
For each vertical movement of the cam follower the
spring winding shaft is rotated one notch of the
ratchet wheel, which is driven by the pawl in the
follower shaft.

The lever is actuated by ammunition in the
loader.  When the lever is pressed into the end of
the loader by the ammunition, it releases a ratchet
which permits the star-wheel shalts to rotate under
the power supplied by the loader spring, When
the lever 1s released by the last round leaving the
loader, it prevents unwinding of the loader spring.
When the loader 12 in position, the interlock rod
extending through the front cnd of the ejector and
loader latch assemblies contacts the end of the
lever. Thus when ammunition is in the loader, the
lever pushes the interlock rod rearward, and when
the last round leaves the loader, the lever permits
the interlock rod to move forward.

Fiector and Loader Latch Assemblies. The
ejector and lnader latch assemblies are similar to
those used on Model B. The assembly serves to
latch the loader in position, cject cxpended car-
tridge cases, and house the loader interlock rods.
Raising the lever on top of the assembly withdraws
the latch and permits placing the loader in position.

The ejector, located under the end of the inter-
lock rod, is spring-loaded to absorb the shock of
striking the base of the empty case as the case is
withdrawn to the rear by the bolt. The ejector
rides in the groove in the top of the bolt as the bolt
passes under it, and contacts the base of the case at
the top, pivoting it downward over the extractor
and through the opcning in the main housing under
the loader.,

Extending through the front and read ends of the
assembly are two interlock rods, one ahove the other.
‘They are connected inside the assembly by a lever
pivoted at its center. A spring maintains pressure
on the rods to keep them in the extended position.
If the front rod is pushed in, the read rod is with-
drawn, and if the front rod is released, hoth rods
arc forced out by the spring.

Belt. The bolts arc similar to those used on the
Model B. Each bolt consists of a bolt body, a
spring-loaded extractor, two spring-loaded cartridge
holding claws, a spring-loader firing pin, and a
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firing pin actuating lever. There 1s no safcty lock
to be tripped to rclease the actuating lever, as in the
Model B. The firing pin is normally held in the
retracted position by itsspring. Tt is moved forward
to strike the primer by the actuating lever when the
lever strikes the firing cam.

Cycle of Operation of the Model A

Preparation for Firing. Retract the barrels and
barrel extensions by operating the retracting mecha-
nism with a crank until both extensions are engaged
by the scars. Then operate the retracting mecha-
nism in reverse until the retracting racks are fully
forward.

Turn the sear locking lever clockwise to lock the
Sears.

‘T'urn the safety lever to the safe position.

Load a chip of rounds into each ammunition
loader. Movement of the star-wheel shafts during
loading is permitted by a clutch on each shaft.
When the rounds are inserted in each loader, they
press against levers and through the movement of
the mterlock rods in the ejector and loader latch
asscmblies, permit the levers o move forward and
bring links in engagement with the lugs on the shaft.
Movement of the firing lever which moves the shaft
can then initiate firing.

Wind each loader spring by turning the knurled
whecl, -

Autematic Firing. Disengage the safety locks by
turning the handle counterclockwise and the lever
clockwise.

Pull back the firing lever to the limit of its travel,
and hold it in this position until all rounds have heen
fired from one loader or until firing is to be
suspended.

When the firing lever is pulled back, the hot-
tom sear is disengaged, and the right barrel, barrel
extension, and left bolt move forward under the
force exerted by the right barrel recuperalor spring.
The bolt strips a round from the left loader and
chambers it in the left barrel.  Just before the ronnd
1s completely chambered the bolt passcs the firing
cam, which engages the firing pin actuating lever
in the bolt, cansing the round to be fired. The left
bolt, right barrel, barrel extension, and recoil piston
rad all recoil under the force of the blowback, com-
pressing the right barrel recuperator spring and
throttling oil through the grooves in the recoil cyl-

inder. The bolt extracts the expended cartridge
case which is ejected when its base strikes the ejector
near the end of recoll.

At the end of recoil the end of the barrel exten-
sion strikes the recoil buffer, and the recoil piston
enters the smooth bore section of the cylinder, both
ol which absorb the remaining recoil energy. The
barrel extension is not engaged by the top scar, as
the sear is still held out of engagement by the firing
lever, but the extension remains in full recoil posi-
tion because recoil fluid cannot pass the recoil piston
when it is in the smooth bore section of the cylinder.
During recoil of the barrel extension the springs of
both loaders arc wound by the camming upward of
followers by cam tracks in the top of the right barrel
extension.

At the time the left bolt, right barrel, and exten-
sion are [orced rearward by blowback force, the left
barrel in which the round was fired and its cxtension
are forced forward against the bottom sear by the
force of [riction between the moving projectile and
the barrel. The scar assembly, under the action of
this force, moves forward against the recoil buffer.
This movement cams the bottom scar out of en-
gagement with the left barrcl extension and allows
the left barrel, harrel extension, and right bolt to
move forward under the force exerted by the recu-
perator spring, strip a round from the right loader,
and chamber it in the right barrel.  Just before the
round is completely chambered the bolt passes the
firing cam which engages the firing pin actuating
lever, causing the round to be fired.

Also, just before the round is completely cham-
bered, the left barrel recoil piston passes the control
port of the right barrel recoil cylinder by-pass valve,
causing the valve to open and allowing the right
barrel, barrel extension, and lelt bolt to move for-
ward under the force of the recuperator spring.

The right bolt, left barrel, barrel extension, and
recoil piston all recoil under the force of blowback,
compressing the recuperator spring and throttling
fluid through the grooves in the recoil cylinder.
The bolt cxtracts the expended case which is ejected
when its base strikes the ejector near thc end of
recoil.

At the end of recoil the end of the barrel exten-
sion strikes the recoil buffer, and the recoil piston
enters the smooth bore scction of the cylinder, bath

of which absorb the remaining recoil energy. The
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barrel extension is not engaged by the bottom sear,
as the scar i1s held out of engagement by the dog.
The extension docs remain in full recoil position,
however, because fluld cannot pass the reconl piston
when 1t is in the smooth bore section of the cvlinder.

While the left barrel and rnight bolt arc recoiling
as described in the preceding paragraph, the nght
barrel and left bolt move forward, strip a second
round from the left loader and fire it in the left
barrel. As the round is chambered, the left barrel
and barrcl extension are hydraulically unlocked by
the opening of the left barrel recoil cyvlinder bypass
valve, and allowed to move forward as the right
barrel is recoiling.

The guns continue to fire alternately as just de-
scribed as long as the firing lever is held in the firing
position or until one loader becomes empty. I
the firing lever is released, both scars spring out to
engage the barrel extensions and hold them in the
full recoil position.  If one of the loaders becomes
empty (the left loader becomes empty first if both
are initially loaded with the same number of
rounds’ the loader interlock rod in the correspond-
ing cjector and loader latch assembly strikes the
corresponding interlock lever in the trigger assem-
bly releasing the sear which engages the barrel ex-
tension of the barrel in which the last round is fired.
The bolt, barrel, and barrel extension which recoil
upon firing the last round are locked back hydrauli-
cally when the recoil piston enters the smooth bore
section of the recoil cylinder. When firing ceases,
the firing lever would narmally be relcased, allow-
ing the other sear to spring cut in position to engage
the barrel extension hydraulically locked in full
recoil.

If no further firing is to be done, both barrel
recuperator springs may be released by actuating the
sear trip lever which disengages both sears and
allows both barrels and their barrel extensions to

move forward.

Detail Description of the Model B

A comparison of the detail descriptions of Model
A and Model B points up an interesting difference in
connection with the minimum burst for cach modcl.
Maodel B is fully automatic, but single shots can be
fired by manipulation of the lever that serves as a
disconnector. When individual rounds are fired,
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only the left gun can be fired, there being no means
for firing the right gun singly. Since manually
cocking the guns was not possible, it i1s assumed that
some other mcans was provided in the design of the
weapon.

Recoiling Parts. The recoiling parts consist of
two scts of similar parts, symmetrically arranged,
each set being intcgral. One set consists of the left
barrel, lcft barrel recuperator springs, left barrel
housing, and barrel extension, right bolt, recoil cyl-
inder, and the loader winding mechanism operating
cam. 'L'he other sct consists of the right barrel,
right barrel recuperator springs, right barrel hous-
ing, and barrel extension, left bolt, and a recoil
cylinder,

Fixed Parts. The major fixed parts consist of
the main housing; a counter-recoil buffer assembly
which fits into the front end of the main housing and
is retained by screws; a trigger assembly, sear as-
scmbly, and recoil buffer assembly which fit into
the rear end of the main housing; a buffer housing
which fits into the rear end of the main housing and
is secured by two wedges; a center guide on which
the recoiling parts slide and which is held centrally
between the counter-recoil buffer and the trigger
assembly ; two recoil pistons and rods mounted in the
two recoil cylinders; two ammunition loaders; and
two ejector and loader lock assemblies.

RBarrels and Rarrel Extensions. TFach barrel has
interrupted screw threads at the breech end, which
mate with similar threads in the breech ¢nd of the
barrel housing.  About ¥4 the length of the barrel
from its muzzle end, there 18 a collar with spring-
loaded dctent locks which fit into the muzzle end of
the barrel housing when the barrel is installed and
prevent the barrel from turning. Screwed to the
end of the barrel housing is a sleeve which hears
against the end of the recoil spring when the spring
15 compressed during recoil.

Extending to the rear and on one side of each
barrel housing is an extension which slides on a sta-
tionary central guide when the recoiling parts are
in motion. The left barrel extension slides on the
top and left side of the center guide, and the right
barrel extension slides on the bottom and right side
of the center guide. The surfaces interlock so that
they cannot be disassembled except by sliding out

the center guide. A recoil cvlinder is mounted on

the outside of each barrel extension and recoils
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with the extension. On top of the recoil cylinder
of the lcft barrel extension is a cam which recoils
also and opcrates both loaders through the loader
winding mechanism. On the inside of each barrel
extension at the breech end s a sear plate which
engages a sear in the sear assembly when the barrel
15 to be held in the full recoil position, two recesses
to permit movement of the sear locks, and an abut-
ment which actuates a shde in the trigger assembly.
Just opposite the chamber on the outside of each
barrel extension is a cam which actuates the firing
pin in the bolt as the bolt approaches the chamber.

The right bolt is mounted on the right side of the
left barrel extension and in line with the right barrel.
The left bolt 1s mounted on the left side of the right
harrel extension and in line with the left barrel.

The recoil movement of each set of recoiling parts
18 limited by contact of the rear end of the barrel
extension with the laminated plates of the sear as-
scmbly located behind the sear. The recoil buffer
absorbs the shock of this impact. Forward move-
ment of each set of recoiling parts is limited by con-
tact of the shoulder near the breech end of the barrel
housing with the movable cylinders of the front
buffer.  When both barrels are fully forward, that
15, when the shoulders on the barrel housings are in
contact with the front buffer. there is a distance of
approximately 18 inches between each bolt and its
corresponding chamber. Thus, a round cannot be
chambered by the bolt in this position. A round
can be stripped from the loader and chambered only
when both barrcls arc imitially in the full recoml
Jposition.

Only one gun can be loaded and fired at a time,
for if both bolts were released, both barrels would
go [ully [orward and neither gun could be loaded,
Therefore, the gun being fired must be held in the
full recoil position while the other gun is released
and allowed to move forward under the pressure of
the recuperator springs on the barrcl housing. "T'he
gun which is fired must be held in full recoil posi-
tion until the other gun is blown back to full recoil
position, wherc it is held.  The gun just fired is then
released, and allowed to move forward to charge and
fire the other gun.

Main Housing. The main housing is a fabri-
cated structurc of symmetrical design. Ncar the
rear end on each side is a large opening over which
a loader is mounted and through which ammunition
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is fed to the gun and expended cases cjected. On
the top of the main housing and at the rear of the
loader openings, there are two cjector and loader
latch assemblies which strike the base of the case as
the bolt recoils, and forces the case downward
through the opening in the main housing.

Located between the front ends of the loader
openings in the top of the main housing is an open-
ing under which the loader winding mechanism
operating cam and rccoil cylinder move during recoil
and counterrecoil of the left barrel extension. The
loader winding mechanism is mounted over this
opening. A roller in the loader winding mechanism
follows the cam through this opening and trans-
mits power to both loaders simultaneously.

On the top and bottom of the main housing are
long raised sections in which the recoil cylinders
recoil. 'The recoil piston rods are attached to the
main housing at the [ront ends of these raised sec-
tions by means of yokes and keys.

Recoil Buffer Housing. 'The recoil buffer
housing fits into the rear end of the main housing
and is held in place by two wedges. When in
place, it holds the trigger assembly firmly against
its scat in the rear end of the main assembly. It
also holds the buffer so that forward or rcarward
movement of the sear assembly within the trigger
assembly compresses the buffer spring. Through
the rear of the housing on the left, extends a handle
which releases the left barrel extension, and on the
right, the firing plunger and lock. On the right
side is a bracket for mounting a firing linkage
monnted on this bracket, This lever i& not an
original component, but was added to improve the
functioning of the mechanism. In the top and bot-
tom and on each side, are four sets of rollers, two
in cach set, accessible by removing a slide cover.
The top rollers hear against the beveled sides of the
left barrel extension as it recoils over the sear, to
make it engage the sear. Thc bottom rollers per-
form the same function in relation to the right bar-
rel extension. Between the two top sets of rollers
is a cover which provides access to the orifice ad-
justing screw for the left barrel extension recoil
cylinder. A similar cover is on the bottom for the
orifice adjusting screw of the right barrel extension
recoil cylindcr.

Trigoer and Sear Assemblies. The long rec-
tangular extension at the front of the tngger
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assembly fits inside the hollow square section of the
center guide and is held in this position by the buffer
housing. The sear asscmbly slides into the trigger
assembly on guides and can move forward and back-
ward against the pressure of the buffer spring, which
is mounted on the cylindrical extension at the rcar
of the sear assembly. The buffer housing is first
asscmbled to the main housing, then the buffer
spring within its cup-shaped sleeve 15 assembled to
the sear assembly and retained by a large screw.
‘I'he cap on the rear end of the buffer housing holds
the buffer in place within the housing,

The sear and trigger assemblies are separated
about 2 inches when the buffer spring is not being
compressed. The spring can be compressed e¢ither
by movement of the sear assembly rearward when
the barrel extensions strike it upon recoil or by
movement of the sear assembly rearward when the
barrel extensions strike it upon recoil or by move-
ment of the sear assembly forward under the force
transmitted to it through the sear which holds the
harrel {from which the round is being fired) in
recoil position at the moment of firing.

The sear assembly provides the means of holding
the barrel extensions 1n the recoil position and the
means of releasing them at the proper mument in
the firing cycle. On its top and bottom are two
identical sets of parts. They consist of the sear, the
sear spring and plunger, a pin upon which the sear
pivots, the left scar lock, the right sear lock, a pin
upon which the sear locks pivot, and two spring-
loaded plungers which bear against lugs extending
from the top of the sear locks to keep them engaged.

The upper left and lower right sear locks have
rollers at their tips on the inside. These rollers are
contacted by operating slides in the trigger assembly
and permit automatic tripping of the sears. The
harrel extension is held in the full recoil position by
the sear in contact with the sear plate on the barrel
extension. As the sear plate recoils over the sear
assembly, 1t first contacts the levers of the sear locks
and depresses them against their springs.  This un-
locks the scar so that it can be depressed. As the
barrel extension recoils farther, it contacts the top
of the sear and depresses it.  'T'he width of the sear
plate is such that it depresses the scar while the sear
Incks are still depressed and disengaged from the
sear.
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As the sear plate recoils past the sear, the secar
moves out under pressure of its spring-loaded
plunger to engage the sear plate, and, at the same
time, the scar locks move out under pressure of their
plungers and lock the sear in place.  The levers on
the sear locks, upon moving out, enter the narrow
slots in the barrel extension ahead of the scar plate.
The barrel extension is then held in the recoil posi-
tion until both sear locks are tripped. The pressure
exerted by the compressed recuperator springs on
the barrel housing is sufficient to depress the scar
against thc plunger, when the sear locks are de-
pressed, and force the barrel extension forward over
the sear. This action is identical for both barrel

extensions.

The levers on each side of the sear assembly are
for manually disengaging the sear locks from the
sears. One lever trips the upper right sear lock,
while another lever trips the lower right sear lock.
Thesc levers, along with another lever, turn upon
a common shaft. The now [ully depressing lever
causes the rear end of the trip pawl to contact the
edge of the scar housing and disengage it from its
mating lever, which is operating the lower right
sear lock. This permits another lever to spring up,
out of engagement with the lower right sear lock,
and allows the sear lock to engage the sear again.

If the lever is held down, the lower left and
upper right sear locks are held out of engagement
with the sears. The other two sear locks are the
ones with rollers on their ends, and are automatically
operated by the unlocking slides which extend
through the back of the trigger housing into the
opening in the front of the sear housing.  The upper
left sear lock, which has a roller on its end, is un-
affected by movement of the lever. It can be
tripped manually and is directly over the flat end
of the lever when the sear assembly is assembled to
the trigger assembly. The operating handle is
turned, the left barrel extension, which is held back
by the top sear, is free to move forward.

The guides in the trigger assembly engage the
follower on the trigger lever, and when the secar
assembly is assembled to the trigger assembly.
These guides are free to move vertically on pins
when interlock rods are in their rearmost position,
for, in this position, a flat section on each rod is
opposite a depression in the shank of each guide and
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permits the guide to clear the rod. When both rods
are forward, a round scction of each rod engages the
depression in the shank of each guide and locks the
guide in the up position.

The firing plunger, when moved forward, forces
the guide downward by means of the linkage, pro-
vided both interlock rods are rearward: unless the
rod i1s held back, the guide which engages the fol-
lower on the lever will not be free to move.  Pull-
ing back the firmg lever also pushes the firing
plunger forward and causes the lever to be de-
pressed. The accompanying action is explained in
the three preceding paragraphs.

The interlock rods that extend through the ejec-
tor and loadcr latch assemblies, and the rectangular
hole in the end of each rod engage the lever on the
loader, which is connected by shafts and links to
their respective levers.  When ammunition is in the
loader and the lever is pressed outward and the
interlock rod is moved, the firing plunger cannot be
maoved forward unless ammunition is in the loaders,
and the sears cannot be tripped to allow the bolts
to move forward upon empty chambers except by
moving both interlock rods back manually.

On each side of the rectangular extension of the
trigger assembly is a slide which fits into a diagonal
groove. The rear end of the slide is wedge shaped,
the forward end carries a spring-loaded lever, and
the central part contains a spring-loaded plunger
assembly which bears against a shoulder in the
trigger housing.

The left slide slopes upward to the rear, and
the right slide slopes downward to the rear. The
wedge-shaped ends of both slides extend through
the back of the trigger housing and contact the
rollers on the sear locks. The right slide actuates
the lower right sear lock, and the lelt slide actuates
the upper left scar lock; the spring-loaded lever in
the end of the right slide extends through an open-
ing in the top of the center guide.  The correspond-
ing piece on the left guide extends through the
bottom sidc of the center guide.

As the right bolt and left barrel extension recoil
by blowback after firing a round 1n the right cham-
ber, the shoulder on the left barrel extension corre-
sponding to the plate on the right barrel extension
contacts the lever and pushes the right slide down-
ward to the rear until the lever slides off the shoulder
and under the burrel extension.
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Note. During firing, the end of the extension
never slides off the lever, so that the lever is always
struck in counter-recoil by the slide-operating plate,
and never by the sear plate.

The lever is then depressed, and permits the slide
to move forward under pressure of the return spring
which was compressed during the rearward move-
ment of the slide. As the slide moves to the rear,
its wedge-shaped rear end contacts the roller on the
end of the lower right sear lock in the scar assembly
and disengages it from the bottom scar, allowing the
right barrel extension to move forward provided the
firing lever is held back, which keeps the lower left
and upper right sear locks disengaged.

In the meantime, the left barrel extension has been
locked in full recoil position by the top sear.  As the
right barrcl extension and barrel move forward
under pressure of the recuperator spring on the right
barrel housing, the left bolt, which is mounted
intcgrally to the right barrel extension, strips a round
from the left loader, chambers it in the left barrel,
and fires.  As the left bolt and right barrel extension
recoil, compressing the right recuperator spring, the
plate on the barrel extension strikes the lever on the
left slide which extends through the bottom of the
center guide, and pushes the slide upward to the
rear. As the slide moves to the rear, the wedge-
shaped rear end contacts the roller on the upper lelt
sear lock, disengages 1t from the top sear, and allows
the left barrel extension and right bolt to move
forward.

In the meantime, the right barrel extension has
been locked in the full recoil position by the bottom
scar. As the left barrel and barrel extension move
forward under pressure of the recuperator spring on
the left barrel housing, the right bolt strips a. round
from the right loader, chambers it in the right bar-
rel, and again fires. This cvcle repeats as long as
the firing lever is held back and until all ammunition
is fired from both loaders.

Movement of the left loader interlock rod actuates
the shide through a connecting lever, which in turn
actuales the lock, the top of which slides in a slot of
the slide. The lock extends through the front end
of the trigger housing and underneath the right un-
locking slide, where it can contact a hook extending
downward from the lever in the slide. When the
rod 15 pushed back, as is the case when ammunition
is in the loader, the slide moves forward and with-
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draws the lock to the left, disengaging it from the
lever. The lever can then spring up again, after
being depressed, as occurs on movement of the shide
due to recoil of the left barrel extension.  However,
if the rod is moved forward, as is the case when the
last round leaves the left loader, the slide moves 1o
the rear and moves the lock to the right and in en-
gagement with the lever, so that if the lever is de-
pressed, it remains depressed.  Thus, when the last
round is stripped from the left magazine by the left
bolt, which is integral with the right barrel exten-
sion, the interlock rod moves forward and the action
just described occurs.

The right loader interlock rod acts similarly in
locking the lever in the end of the left slide when
the last round leaves the right loader.

After firing the last round [rom the left loader,
the right barrel extension recoils, trips the upper
left sear lock, and is locked in the full recoil position
by the bottom sear,  The left barrel extension moves
forward over the slide and the lever to fire the last
round from the right loader. Since the interlock
rod is now forward and the lock is in engagement
with the lever, the lever remains depressed. The
left barrel extension, upon recoiling, then cannot
move the slide to the rear and unlock the right bar-
rel extension, which if unlocked, would carry the left
bolt into an cmpty chamber.  Both barrel extensions
arc then locked to the rear, and firing may be re-
sumed after ammunition is placed in the loaders.

This 15 the action which normally takes place
when firing automatically, for the right barrel cx-
tension is always relcased first when the firing lever
1s pulled, so that the first round fired is alwavs from
the left loader. The left loader will then become
empty first, and the action just deseribed will occur.

However, if fewer rounds are placed in the right
loader, then the right loader will become empty
first. The right interlock rod will then move [or-
ward, after the lelt barrel extension and right bolt
have moved forward to fire the last round from the
right loader. "The lever in the end of the left un-
locking slide then becomes locked down after the
right barrel extension and left bolt move forward to
fire the next round, and the right barrel extension,
upon recoil, cannot move the left slide to the rear to
trip the upper left sear lock and allow the left bar-
rel extension and night bolt to move forward upon
an empty chamber.

SKODA DESIGNS
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Firing of individual rounds might possibly bc
accomplished by pulling the firing lever {moving
the firing plunger forward and releasing it after the
right barrel extension 1s released. 'L'his could be
done for each round fired until all rounds have been
fired from the left loader. Note that pulling the
firing lever trips all sear locks except the upper left,
and releases the right barrel extension.  Releasing
the firing lever permits the sear locks to re-engagce the
scars so that the left barrel extension will not be
relcased automatically by recoil of the right barrel
extension. Pulling the firing lever after the last
round has been fired from the lelt loader, will allow
the lelt bolt to move forward into an empty chamber.
Thus, the firing of individual rounds from the right
loader apparently cannot be performed.

Loaders and Winding Mechanism. The two
loaders are wdentical in design, except that one is
left-hand and the other right-hand. Fach loader
has a capacity of ninc rounds. The rounds are fed
downward by “star wheels” mounted on eight shalfls,
all of which are driven by a shaft through a common
drive shaft. The shaft receives its power from a
spring in thc housing which 8 wound when the
ratchet wheel is turned. The ratchet wheels on both
loaders are turned one notch cach time the left
barrcl recoils, by vertical movement of the ratchet
wheel actuating pawls in the loader winding mech-
anism. The pawls are moved vertically by an arm
whose roller rides on the cam.

The lever in the loader engages the loader inter-
lock rod. Ammunition in the loader presses the
lever outward and holds the lever rearward through
the shaft. The shaft is also connected through link-
ages to the lever, which opcrates a pawl in engage-
ment with a pawl wheel on the drive shaft. With
ammunition in the loader, the lever is disengaged
from the pawl wheel on the loader drive shalt, and
the shaft is [ree (o rotate. When the loader becomes
empty, the lever engages the pawl wheel on the drive
shaft, keeps it from rotating, and prevents the loader
spring from unwinding.

Ejector and Loader Latch Assembly. 'T'he ejec-
tor and loader lawch assemblies serve to latch the
loader in position, as well as to cject the case. The
long lever on (op withdraws the latch and permits
placing the loader in position. When the loader 13
in position, the latch engages a latch plate on the
loader and holds 1t ;n position.
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The interlock rod extends through the round
shank of the ejector and latch assembly. The lever
cngages a notch in the interlock rod and keeps the
rod In 1ts rearward position until the lever on the
loader engages a hole in the end of the rod, when
the loader is being placed in position. When the
loadcr 1s In position, the lever is depressed and disen-
gaged [rom the interlock rod, and allows the inter-
lock rod to move forward.

The cjector is spring-loaded to absorb the shock
of striking the case. The bolt has a groove in its
top through which the ejector slides during recoil of
the bolt. 'I'he nose of the ejector strikes the top
edge of the base of the cartridge case and pivots it
downward through the opening in the main housing
under the loader.

Bolt. Each bolt consists of a housing, a spring-
loaded cxtractor, two spring-loaded cartridge hold-
ing claws, a firing pin, firing pin spring, firing pin
actuating lever, a pivot pin, and a safety lock. The
firing pin is normally held in a retracted position by
its spring. It is moved forward by the firing pin
actuating lever, which engages the slot in the firing
pin and pivots upon the pin.  The firing pin actuat-
ing lever cannot be rotated upon its pivot pin until
the safety Jock is depressed sufficiently to disengage
its lug from the firing pin actuating lever,

The left bolt is attached to the right barrel exten-
sion by means of a key. In this position, it is in line
with the chamber of the left barrel.  When the right
barrel extension is disengaged from its sear, the left
bolt movces forward under the left loader. The top
edge of the bolt contacts the base of the cartrdige,
strips it from the loader, and forces it into the cham-
ber. As the cartridge cnters the chamber, its base
slides downward against the face of the bolt, and the
rim engages the holding claws on cach side of the
bolt and the extractor on the lower side of the bolt.
Just before the cartridge is fully chambered, the
beveled surface of the safety lock contacts the firing
cam on the side of the barrel housing. After the
safety lock is fully depressed, the firing pin actuating
lever strikes the firing cam and moves the firing pin
forward to fire the round. When the bolt recoils,
the firing pin is retracted by its spring, and the ex-
tractor, which is in engagement with the rim of the
cartridge case, extracts the expended casc.

Recoil System. Each barrel extension has assem-
bled to it a recoil cylinder which recoils with the
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barrel extension over a fixed recoil piston and rod.

The piston rod and the piston are assembled in
the recoll cvlinder by means of a packing gland at
each end of the cvlinder. The cvlinder is fixed
rigidly to the barrel extension by a pin. The piston
rod is hollow throughout its length. In front of
the piston 1s a large orifice through the rod, and
back of the piston is a long narrow orifice through
the rod. An orifice control rod fits inside the rear
half of the piston rod and is held in place by a
fitting. Screwing the control rod through its retainer
controls the size of the long narrow orifice behind
the piston. In the front end of the piston rod there
s also a fitting for attaching it rigidly to the main
housing. The piston is fixed rigidly on the recoil
rod and contains no orifices or valves. The oil is
throuded through the orifices in the recoil red during
both recoil and counter-recoil.

Front Buffer. "T'he front buffer consist of a fixed
housing which fits into the front end of the main
housing and through which a movable portion slides.
A stationary piston rod, on which 1s mounted the
piston, is attached to the housing and extends
through the buffer cylinder. A packing nut screws
into the packing gland. The return spring housing
screws over the packing gland, which screws into
the packing nut, which screws into the rear face of
the movable portion.

A sleeve inside the return spring slides over the
piston rod and is limited in travel by a shoulder on
the piston rod. The piston contains orifices which
are covered on the rear face of the piston by a
spring-loaded plate which contains orifices smaller
than those in the piston. During forward move-
ment by the buffer, the plate is held against the
piston.  During rearward movement of the buller,
the plate is forced back against its spring, uncover-
ing the piston orificces.

The movable portion consists of two cvlinders
through which the barrel housings and barrel ex-
tensions slide in recoil and counter-recoil. A
shoulder at the rear end of each barrel housing
strikes the rear end of the corresponding cylinder of
the front buffcr when both barrel extensions are
rcleased and allowed to move forward. The front
ends of these cylinders bear against the ends of the
barrel return springs. When the barrel housings
strike the buffer, the movable portion of the buffer

*

is forced downward over the recoil piston and
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against the pressure ol the return spring.  Throt-
tling of the oil in the buffer cylinder through the
orifices in the spring-loaded plate retards the for-
ward movement of the barrcl extensions.

The buffer does not function during firing, but
only when both barrel extensions are released to un-
load the recuperator springs for a period of in-
activity.

Cycle of Operation of the Model B

Preparation for Firing, lLoad a chip of rounds
into each ammunition loader. Movement of the
star-wheel shafts during loading is accomplished by
means of a clutch on each shalt,  When the rounds
are inserted in the loader, they press against the lever
and move the interlock rods rearward through the
action of the lever in the loaders. Movement of the
interlock rods to the rear permit vertical movement
of two guides when the firing lever is actuated.

Wind up each loader spring by turning the
knurled wheel opposite the ratchet wheel,

Retract both barrel extensions until they are en-
caged by their respective sears.

Automatic Firing. Set the lever to the firing
position. This permits the firing plunger to move
forward when the firing lever is pulled back.

Pull back the firing lever to the limit of its travel
and hold it in this position until all rounds have been
fired from the loaders or until firing is to be
suspended.

When the firing lever is pulled back, the sear
locks are disengaged from the bottom sear, and
the right barrel, barrel extension, and leit bolt move
forward under the force cxerted by the right barrel
recuperator spring. The bolt strips a round from
the left loader and chambers it in the left barrel.
Just before the round is completely chambered, the
bolt passes the firing cam which engages fist the
safety lock and then the firing pin actuating lever
in the bolt, causing the round to be fired. The
left bolt, right barrel, barrel extension, and recoil
cylinder recoil by blowback, compressing the right
barrel recuperator spring and forcing oil through
the orifices in the recoil piston rod. The bolt ex-
tracts the expended cartridge case, which is ejected
when the base of the case strikes the ejector near
the end of recoil. At the limit of its recoil, the barrel
extension strikes the recoil buffer, which absorbs the
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remaining energy of recoil, and engages the hottom
sear which holds the barrel extension in the full
recoil position.

During the initial recoil movement of the right
barrel extension, the plate on the extension strikes
the lever on the left sear latch trip shide and moves
the slide upward to the rear. The rear end of the
slide contacts the roller on the upper left scar lock,
disengages it from the top sear, and allows the left
barrel extension and right belt to move forward
under the force exerted by the left barrel recuperator
Spring.

As the right bolt moves forward, it strips a round
[rom the right Inader and chambers 1t in the right
barrel. The loader-operating cam on the top of
the recoil cylinder moves forward with the barrel
extension, forces the loader winding mechanism
follower upward, and causes the winding ratchet
pawls to move downward, to engage a notch in each
loader spring winding ratchet wheel, and to wind
both loader springs. Just before the round is com-
pletely chambered, the bolt passes the firing cam
on the right barrel extension, which engages first
the safety lock and then the firing pin actuating
lever m the holt, causing the round to be fired. The
richt bolt, left barrel, barrel extension, recoil cylin-
der, and loader-operating cam all recoil by blow-
back, compressing the left barrel recuperator spring
and forcing oil through the orifices in the recoil
piston rod. The holt extracts the expended car-
tridge case when its base strikes the right ejector near
the end of recoil. At the limit of its recoil, the
barrel extension strikes the recoil buffer and engages
the top sear which holds the extension in its full
recoil position.

During its initial recoil movement, the left barrel
extension strikes the lever on the right sear latch
trip slide and moves the slide downward to the rear.
The rear cnd of the slide contacts the roller on the
end of the lower right sear latch, disengages the
latch from the hottom sear, and allows the right
barrel, barrel extension, and left bolt to move for-
ward. During rccoil of the left barrel extension,
the loader-operaling cam, upon which the loader
winding mechanism follower rides, causcs the wind-
ing ratchet pawls to move upward in position to
engage the spring-winding ratchet wheels.

'The cycle described above repeats as the left bolt,
right barrel, and barrel extension move forward, and
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continues to repeat as long as the firing lever is held
in the firing position or until both loaders become
empty,

When the last round leaves the left loader, pres-
sure of the round against the lever is relieved, and
the left interlock rod is allowed to move forward
through thc action of the lever of the loader.
Movement of the interlock rod forward causes the
lock to move into engagement with the lever on the
slide. After the round is fired, the right barrel
extension recoils, trips the upper left sear lock. and
is locked in the full recoil position by the bottom scar.
The left barrel extension moves forward aver the
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slide and the lever to firc the last round from the
right loader. Since the lever is held down by the
lock when the left barrel extension recoils, the barrel
extension does not strike the lever and move the
slide rearward to trip the lower right sear lock.
Both barrels and extensions therefore remain locked
in the full recail position after the last round is
fired.

If no further firing is to he done, bath barrel
recuperator springs may be released by actuating
both the firing lever and the lever which will trip
all sear locks and allow both barrels to move forward
against the front bufler.

SECTION 2. 50-MM PAK

(General Data

Caliber: 50-mm.

Rate of fire: 80-120 rounds/minute.

Muzzle velocity: 2,740 feet/second.

Muzzle energyv: 265 foot-tons.

Chamber pressure: 40,000 psi.

Gun weight (recoiling mass) : 550 pounds.

Svstem of operation: Recoil.

System of locking: Dropped breech.

System of feeding: Clip (can be converted to
automatic feed using metallic belt).

Method of charging: Hydraulic,

Method of cooling: Air.

Barrel removal: Not quick change.

Bore;

Number of grooves: 8.

Direction of twist: Right hand.

Form of twist: Constant. -
Method of headspace: T'actory established.
Location of feed opening: Top.

Location ejection opening : Rear.
Projectile weight: 4.54 pounds.

General Description

The 50-mm Anti-tank Gun 18 air-cooled, recoil-
operated, clip-fed, and wuses percussion-primed
ammunition. This gun was developed to provide a
simple form of magazine-fed automatic gun utiliz-
ing the force of recoil to load the round on to a
loading tray and to set a spring-loaded rammer.

During the firmg tests a cyclic rate of 80-83
rounds per minute was obtained. The designer of

the automatic loader stated that he hoped to obtain
a rate of 100 rounds per minute and was confident
that with further trials and redesign, the gun would
be able to fire at a rate of 120 rounds per minute.

This gun is very simple and has a small number
of parts which may be divided mmto two groups:
the fixed parts and the recoiling parts. The breech
operating mechanism is particularly interesting and
was considered by the Germans to be worthy of
further development.

Detail Description of the Nonrecoiling
Parts

The principal fixed parts are: gun housing and
cams, loading mechanism, rammer housing, and
firing lever.

Gun Housing. The gun housing contains a
mounting for the recoil system al the front end,
The breech ring is pinned to the recoil system
(hydro-pncumatic).

Loading Mechanism. The loading mechanism
is fastened to the top of the opcn portion of the
housing. The loading mechanism is actuated by
the cam surface on the top right of the breech
ring. As the gun recoils this cam surface causes
the [eed arm to move to the right while the
magazine is held by the catches. During counter-
recoil, the feed arm moves to the left under the
action of the feed arm return spring and indexes
the clip, stripping another round to the loading
position. There is a safety catch located at the
rear of the loader which prevents the rammer from
moving lorward when the last round has been fired.
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Rammer. 'The rammer housing is [astened to
the inside of the left wall of the housing. The
rammer housing 15 tilted so that the rammer is
clearly above the bore when it nears the rear end
of 1ts travel, thus aflording clear ejection path.

The rammer is moved to the rear by the brecch
ring during recoil and 1s held there by the sear.

Sear. This scar has two catches. The front
catch is operated by the firing lever. The rear
catch 18 attached to the cam which is struck by the
lowered breechblock as the recoiling parts come into
battery. The rammer is held bv the rear catch until
the came 1s moved forward; it then moves forward
until 1t 18 held by the front catch. This double
catch system prevents a round being rammed unless
the gun 15 forward and the breechblock lowered.
The hand lever also operates the rear catch.

Firing Lever. The firing lever is connected by a
long rod to the roller and is also keyed to the front
catch operating mechanism,  Operation of the fir-
ing lever draws the roller to the rear, moving the
firing pin sear and releasing the firing pin. As the
gun moves into battery, the breechblock is lowered
and the roller strikes the front face of the block.
'1'he roller 1s spring-loaded and moves forward with
the block until it is fully forward. When the block
rises the roller moves rearward under the block and
strikes the firing pin sear lever.  Thus the firing pin
cannot be released until the block is fully closed.

Single or Automatic Fire. Single and full auto-
matic fire are controlled by a device located just 1o
the rear of the firing lever, which governs the length
of travel of the firing lever.  For tull automatic fire,
the lever movement is limited in order to hold the
front sear catch depressed. For single fire, the fir-
ing lever moves farther. depressing then releasing
the front catch.

Detail Description of Recoiling Parts

The principal recoiling parts are: barrel, breech
ring, breech-operating mechanism, breechblock,
ramimer, and loading trav.

Breech Ring. The breech ring is attached to the
barrcl receiver and contains the breech operating
mechanism. The loading tray is attached to the
rear of the breech ring.

The feed operating cam is located on the top
right of the breech ring. The rammer buffer is on
the rear left of the breech ring.

Breech - Operating Mechanism. The breech-
operating mecchanism is pinned to the bottom of the
breech ring. The hreech 18 spring-operated, both
in opening and in closing.

The housing contams all the parts required to
operate the breech.  The gear rack and the breech
closing spring slide over the shalt. The nut screws
on the shaft, compressing the closing spring and
[orcing the gear rack to the rear against the shoulder.
The nut bears against the housing and provides
mitial compression of the closing spring and also
lirnits the travel of the shaft to the rear.

The breech opening springs fit inside the shaft.
The bolt screws into the housing and forces the shaft
and its shoulder against the gear, tending to move
it forward and open the breech.

When the springs and rack are in the housing
and the breechblock is raised, the shaft, the rack,
and the closing springs arc forward. The shaft then
protrudes the maximum amount from the front of
the housing.

As the gun comes into battery the shaft strikes a
fixed pad on the gun housing and is held stationary
as the breech ring continues to move forward. This
causes the shaft to move rearward relative to the
housing and compresses the breech opening spring.

~When the shaft is fully back, the catch slides down

and bears against the forward face of the shoulder
on the shaft. This locks the shaft to the rear and
keeps the opening spring compressed.

Meanwhile, the breechblock has been held down
by the extractors; therefore, the operating arm, the
gears, and the gear rack havc also been locked in
position.  Since the gear rack cannot move and the
shaft and the collar have moved to the rear (rel-
atively ], the breech opening spring is compressed
and stores the energy required to open the breech.

When a round enters the chamber and trips the
extractors, the operating lever, gears, and gear rack
arc free to move under the action of the closing
spring. The spring then forces the rack to the rear
until it strikes the shoulder on the shaft.  This causes
the gear to rotate and turn the operating shaft,
thereby raising the breechblock.

During recoil, the lug on the shaft of the catch
strikes a cam on the bottom surface of the gun
housing.  This causes the lug to rotate and with-
draw the catch from agamnst the shoulder on the
shaft. The breech opening springs which were held
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compressed then force the shaft and the gear rack
forward causing the operating lever to rotate and
open the breech.  The [ront end of the shaft then
protrudes from the housing and is in position to be
struck as the gun rcturns to battery.

fland-Operating Mechanism. If the gun is in
battery and the breech is closed, it may be opencd
by mcans of the hand crank. This hand crank 1s
geared to a rack which in turn operates a gear hav-
ing a Jug that will bear against thc cam. Rotation
of the hand crank causes the gear o rotate and
move its lug against the cam and cause it to rotate.
This cam is keyed to the shaft of the operating lever
and thercby lowers the breechblock.  This rotation
of the operating lever causes the gear to rotate and
move the gear rack forward, compressing the breech
closing spring since the front end of the shaft is
against its pad.

Breechblock. The breechblock is of the vertical
sliding type, having a percussion-type firing pin.

The internal breech operating lever is pinned to
the breech operating lever located in the breech
operating mechanism. As the breechblock 1s low-
ered the lever is caused to rotate first counter-
clockwise and then clockwise. The counter-
clockwise movement causes the cocking lever to
rotate and withdraw the firing pin against the firing
pin spring until it is caught by the firing pin sear.

The block is then raised and the lever goes
through the same rotation (directions reversed).
When the block is fully raised the sear lever is in po-
sition to be acted upon by the firing lever roller. The
roller causes the sear lever to move to the rear which
causcs a rotation of the sear, raising the rear end and
releasing the firing pin.

It the gun is finng full automatic, the lever is held
to the rear. This causes the firing lever roller to be
held to the rear. As the gun comes into battery
the block is lowered and the roller strikes against the
cam surface on the front of the breech block. The
roller 18 spring-loaded and moves forward a short
distance with the block.  As the gun comes into bat-
tery the block is lowered and the roller strikes against
the cam surface on the front of the breechblock.
The roller is spring-loaded and moves forward a
short distance with the block. As the block is
raiscd the roller follows the cam until it strikes the
scar lever and causes the gun to fire.

——

The cam surface is the part of the breechblock
that strikes the cam which operates the rear catch
of the rammer sear.

The cam surfaces are the surfaces which operate
the extractors.

The firing pin may be hand cocked by rotation
of the lever.

Loading Mechanism. Theloading mechanism is
of very simple design and is rccoil-operated.

Manually Charging the Gun

When the gun is in battery and the breech is
closed, it 1s charged by means of the hand crank.
This hand crank is geared to a rack which in turn
opcrates a gear having a lug that will bear against
Rotation of the hand crank causes the
gear to rotate and movce its lug against the cam.
This cam is keyed to the shaft of the operating lever
and thereby lowers the brecchblock.  T'his rotation
of the operating lever causes the gear to rotate and
move the gear rack forward, compressing the breech
closing spring since the front end of the shaft is
against its pad.

the cam.

Cycle of Operation

The operation of the weapon will be described
in two parts, the recoiling and counter-recoiling
movements.

Recotling Movement. Upon firing of the round,
the gun-barrel and breech ring move to the rear in
recoll.  The loading mechanism is actuated by the
action of the cam surface on the feed arm causing
a round to be indexed to the center position, during
counter-recoil.

During recoil, the lug on the brecch operating
mechanism strikes the cam on the bottom surface
of the gun housing and causcs the breechblock to
lower and ecject the empty cartridge case. The
firing pin 13 also cocked on this motion of the breech-
block.

The rammer head is in contact with the breech
ring during recoil and is forced back to the rammer
catch by the breech ring.

The recoiling parts are then stopped by the recoil
mechanism and start forward under action of the
counter-recoil system.

Counler-Recoiling Movement. The gun barrel
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and breech ring move forward and, as they approach
battery, the shaft of the breech-operating mechanism
strikes a fixed pad and charges the breech-operating
Springs.

The cam is struck by the cam on the lowered
breechblock as the gun moves into battery. This
rclcases the rear rammer catch and the rammer
moves toward its front catch.

SKODA DESIGNS

If the firing lever is on FIRE, the front catch is
depressed and the rammer moves forward to ram
the round. The firing lever roller is forced against
the cam on the lowered breechblock.

As the round enters the chamber, it trips the ex-
tractors and the breech closes. The roller follows
the cam path and strikes the firing lever and fires
the round.

SECTION 3. 55-MM FLAK

General Data

Caliber: 55—mm.

Rate of fire: 100-140 rounds/minute,
Muzzle velocity: 2,740 feet/second.
Projectile weight: 4.54 pounds,

Muzzle energy: 265 foot-tons.
Chamber pressure: 40,000 psi.

Gun length (traversing mass) : 257.9 inches.
Gun weight: 550 pounds.

System of operation: Recoil.

System of locking : Dropped breech,
System of feeding: Feed tray conveyor.
Method of charging: Manual.

Method of cooling: Air.

Weight of feed tray with 4 rounds: 57.2 pounds.
Barrel length: 185.13 inches.
Barrel removal : Not quick barrel change.
Direction of twist: Right hand.
Form of twist: Constant.
Method of headspace: Factory established.
Location of feed opening: Top.
Location ¢jection opcning: Rear.

General Description

This 55-mm fully automatic anti-aircraft gun was
initiated at the request of German authorities. It

was designed to use a type of auto loader similar to
that used on the 75-mm FLAK R4, described in the
following section,

SECTION 4. 75-MM FLAK R4

General Data

Caliber: 75-mm.

Ratc of fire: 75—100 rounds/minute.

Muzzle velocity: 2,950 feet/second with 13.9-
pound projectile; 3,020 {feet/second with 13.2-
pound projectile.

Range: 53,500 feet.

Gun weight: 1,750 pounds.

System of operation: Recoil operated (hydraulic
pressure stored during recoil .

System of locking: Horizontal sliding breech.

Recuperator system: Air.

System of feeding: Automatic.

Method of charging: Air or hydraulic.

Method ol cooling: Air,

Barrel length: 172.2 inches.

Type of barrcl: Jacket with removable liner.

Bore:

Direction of twist: Right hand.
Form of twist: Constant.

Method hcadspa-::f:l: Established at factory.
Location of feed opening: Top.
Location ejection opening: Rear.

General Description
The 75-mm Flak R4, developed by the Skoda

Works, is a fully automatic anti-aircraft gun, hy-
draulically operated and controlled by pressure
created and stored during recoil. The breech 1s
both opened and closed by springs charged during
the final return to battery., Thc system mmcorporates
a compact fuze sctter.

Detail Description
Gun. 'The tubc has a replaceable liner. The

gun rides on ways and is retarded in its rearward
motion by a constant force hydraulic recoil system
and a compressed air recuperator. The breech 1s
closed by a conventional horizontal sliding breech-
block. The principle of operation of the breech-
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block1s the samce asin the Skoda S5U0-mm PAK. The  comes into battery. The extractors prevent the
brecch opening and closing springs are compressed block [rom closing under pressure ol the closing
bv the charging rod striking the pad as the gun spring until the round 18 rammed. On recoil the

Fiqure 7 8. Right side view of the Skoda 75-mm Automatic TLAK Rd.

Figure 7-9. Skoda 75-mm Automatic FLAK R4, View of the feed device from the left.
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breech-opening relcase lever overrides the breech-
opening release cam.  On counter-recoil the relcase
lever contacts the release cam therchy unlocking
the spring and opening the breech.

The breechblock may be hand operated by the
lever, provided that the automartic fire plunger is
depressed so the lever and operating gears are con-
nected. A lever is provided to trip the extractors
so rounds mav be loaded and fired manually.

Feed Mechamism, The feed mechanism con-
sists of a feedway, a feed tray, round conveyer
and operatmg rack.  The feedwayv s a guide for
the rounds and has a capacity of three rounds which
arc indexed by the conveyer.  Including the round
in the feed tray, the total capacity is four rounds.
The convever mav be hand operated to load it
initially.  Under antomatic operation the conveyer

e,
TR

: R

Figure 710 Skoda 75-mm Automatic FLAK R4,

SKODA DESIGNS

indexes a round onto the tray as the tray is returned
outboard after ramming.  The feed tray 13 hvdrau-
lically operated by the tray operating rach.  When
pressure is applied to the trav operating piston such
that the rack is driven rearward, the trav is driven
it line with the bore through a series of gears, The
trav, fuze setter and rammer are mterlocked so the
operation of cach occurs at the proper tume during
the cvele.

Rammer. The rammer s hydrauhcally operated.
It consists of an arm secured to the end of a piston
rod. The end of the rod rides on rollers in the
rammer housing,  The piston end of the rod is con-
tained in the rammer eylinder and is driven rearward
or forward by hydraulic pressure applied to the
proper side of the piston through the comtrol valve.
The rammer arm 1= free to rotate throueh a limited

Tep view of rammer and feec mechanism,
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arc. As the tray moves in line with the bore a roller
at the extreme rear of the tray engages the rammer
arm and rotates it outward so the head is positioned
bchind the round. Upon reaching its “in line”
position, the tray, through a linkage, operates the
control valve and the round i1s rammed by the
hydraulic pressure acting on the piston.  Since the
rammer and breech do not recoil together the ram-
mer head must be positioned out of the way before
firing.  As the breechblock closes on the rammed
round, a projecting rod on the breechblock contacts
the rammer arm and rotates it out of the path of the
recoiling gun.

Fuze Seitter. 'The fuze setter is hydraulically op-
crated by pressure through the control valve to the
proper side of the piston. In setting the fuze, the
fuze setter cup 1s driven rearward to engage the
setting ring of the round.  The cup then rotates the
setting ring the required amount. The amount of
rotation 1s preset by the handwheel and indicated
by the dial.  Fach succeeding round will be set
for the same time unless the handwheel is rotated.

Fining Mechanism. T'he rounds are percussion
fired by a firing pin spring-loaded in the retracted
position. The firing pin is operated by the firing
pin actuator, which in turn is actuated by the spring-
loaded firing plunger. As the gun comes into
battery, the top projection of the sear engages the

lower lip of the firing plunger and drives it forward
compressing its spring.
to the outboard position, the sear actuator operating
lug secured to the tray operating rack causes the
operating linkage to rotate and depress the sear actu-
ator. This actuator has an arm which engages the
side projection of the sear and the firing plunger is
released, firing the round.

Hydraulic Control System. The hydraulic con-
trol system 1s the heart of the weapon.  The control
system consists of an operating cylinder and piston,
intermediate cylinder and floating piston, spring
operated control valve which [unctions at the proper
time during the automatic cycle. The cvlindrical
control valve properly controls the cight ports in
cach of four valve positions.  In positions 1, port
6 is connected to port 5, and 1 is connected to 4.
In position 2, port 6 is connected to port 7, and 1
is conected to 2. In position 3, port 2 is connected
to port 3, and 7 1s connccted to 8. In position 4,
port 3 is connected to port 4, and 5 is connected to
8. The valve allows the oil pressure to act upon the
various operating pistons such that the resultant
[orce (pressure time net area) acts to drive the
piston in the proper direction. The valve is allowed
to rotate through 90 degrees cach time 1t 18 released,
It is positvely stopped in positions 1, 2, and 3. In
position 4 it 1s stopped momentarily and then by the

When the tray 1s returned

Figure 7-11. Skoda 75-mm FLAK R4, Cloze-up view of the hydraulic control system.
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force of the coil spring, the valve slips on to posi-
tion 1. The coil spring is initially wound manually.
It 13 rewound cach cycle by a rack and pinion
arrangement. When the gun comes into battery
the stop, sccured to the breech-ring, contacts the con-
trol valve spring winding rack. This rack 1s geared
to a pinion whose shaft operates to wind the control
valve col spring.
turn spring 1s wound so upon recoil of the gun, the
rack 1s returned to its original position.

The high pressure [luid which the control valve
routes to the proper pistons is stored in the reservoir.
The reservoir contains an initial supply of com-
pressed air and oil.  The reservoir is directly con-
nected to the intermediate cyvlinder. The floating
piston separates the actual operating o1l from the
compressed air and oil in the reservoir. The inter-

At the same time the rack re-

SKODA DESIGNS

—

mediate cylinder is connected through a one way
valve to the operating cylinder. 'The operating
cvlinder contains a piston and rod. The front of
the operating cylinder is equipped with a one way
air valve which opens readily on rearward travel
of the piston but acts as an orifice type brake on
return of the piston. The rear of the operating
cylinder piston rod is connected to the breech ring
bv a voke. The gun will drive the rod rearward,
but the rod 12 free to remain rcarward while the
gun returns to baltery,
firing, the operating piston rod 18 driven rearward
and the o1l 1s displaced through the one way valve
and into the intermediate cvlinder driving the float-
ing piston forward and further compressing the
air supply mn the reservoir. . Thus a pressure supply

On reconl of the gun alter

is available for operation during the cvele.  The

Figure 7-12. Skoda 75-mm Auwomatic FLAK R4, Close-up of breach from the right,
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operating piston rod 1s retained rearward by the
retainer until it is released to allow for return of oil
to the operating cylinder.

Automatic Operation

The mitial condition of the vanous elements of
the gun just as it fires is as follows: The gun is in
hattery. T'he breechblock is closed upon the round
and the breech opening springs are compressed.
The feed tray is outhoard with a new round held in
it. The rammer piston is forward, and the rammecr
arm 1s rotaled out of the path of the gun. The
operating piston is forward and the floating piston i3
rcarward. The fuze setter piston is forward. "The
control valve is in position to connect port 5 to port 6
and | to4. After the round is fired, the gun recoils
and the force 18 absorbed mainly by the constant
force fluid receil mechanism and the compression of
the high pressure air in the recuperator. The operat-
ing piston rod 1s pulled rearward by the voke secured
to the breech-ring, and the retainer engages the
head of the rod and holds it rearward while the gun
returns to battery.  As the gun returns to battery,
the breech-opening release lever contacts the
breech-opening release cam and the breech-opening
spring 1s unlocked and the breechblock opens.  The
extractors are rotated and the empty case is ejected
rcarward. ‘Lhe breechblock spring charging rod
contacts the pad as the gun comes into battery; the
breech-opening and closing springs are compressed.

The o1l in the operating cylinder is displaced by
the recoil mevement through the one-way valve and
into the intermediate cylinder. The floating piston
is forced forward and the compressed air in the
rescrvoir 1s further compressed. The pressure also
forces oil out of the intermediate cylinder through
port 3, into the control valve and through port 6 to
the front of the rammer and fuze setting pistons.
The great area of the [ront of the pisions results in
rearward motion. The rammer 1s thus driven rear-
ward and held by the rammer catch. The fuze
setter cup is also driven rcarward until it engages
the setting ring of the fuzed round at which time
further rearward mevement of the piston causes the
cup to rotate the setting ring to the setting time as
controlled by the handwheel. After the fuze is set
the moving piston rod operates a yoke in the fuze
setter which acts to drive the operating rod forward
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and to release the feed tray interlock. The operat-
ing rod engages and rotates the control valve operat-
ing shaft. Thercby the operating piston release link-
age causes the operating piston retainer to release
the operating piston rod. The return spring causes
the operating rod and retainer to return to original
position. The rotation of the control valve which
rotates 90 degrees to position 2 which connects port
b toport 7and 1 to 2. Fluid under pressure in the
intermediate cylinder goes through port 1, through
the control valve, through port 2 and into the tray
operating cvlinder. The larger [ront area of the
tray operating piston results in the tray operating
rack moving rcarward displacing the fluid back
into the intermediate cylinder,

The control valve release linkage pivot overrides
the lug on rearward movement of the operating rod.
By means of the rack and pinion the feed tray, carry-
ing the round held by locked spring clips, is moved
into the line of the bore. The spring clips are un-
locked by striking a projection of the breech ring.
The rammer arm is rotated into the line of the bore
by the moving feed tray. At the same time fluid
pressure from the intermediate cylinder drives the
fuze setter cylinder forward and the fluid is displaced
through port 6, the control valve and port 7 and

- mto the operating cylinder.

When the tray operating rod has moved the tray
into the line of fire, the operating rod continues its
rcarward movement. This last movement causes
the rammer relcasc operating lug to engage a rod
which rotates two pivots. The pivot raises the sear
actuated so it is free to rotate inward (under its own
spring pressure) to a position above the side lug of
the sear. The other pivot rotates and through the
linkage the rammer arm is released. The direct
pressure from the intermediate cylinder acting on
the rear of the rammer piston drives it forward and
the fluid in front of the piston is displaced through
the control valve, via ports 6 and 7, into the operat-
ing cvlinder where the piston is free to go forward.
The rammer arm drives the round, trips the extrac-
tors, and the breechblock is snapped closed by
the compressed brecch-closing spring.  The rammer
arm is rotated out of the path of the breech by the
closing breechblock.

As the rammer head reaches the end of its forward
travel, it contacts control valve opcrating plunger
which rotates the control valve operating shaft and
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the control valve is released to rotate 90 degrees to
position 3.  Pressure from the intermediate cylinder
acts on the rear of the tray operating piston and
drives it forward. The fluid is displaced through the
control valve via ports 2 and 3 and into the operating
cylinders.

The feed tray is driven outward by the rack and
pinion. As the tray nears the end of its outward
travel, the round conveyors index anothcr round
onto the feed tray. As the tray operating piston
nears the end of its travel, the control valve release
operating lug on the shaft cngages and rotates the
linkage and the control valve operating shaft is

rotated allowing the control valve to rotate 90 de-
grees to position 4. Position 4 connects the inter-
mediate cylinder with the operating cylinder
through ports 5 and 8. This releases any pressure
remaining in the rear ol the intermediate cylinders.
The valve is not positively positioned in position 4
and it slips into position 1.

The sear actuator operating lug on the tray op-
erating shaft contacts the pivot arm which draws the
sear actuator downward and engages the side pro-
jection on the sear and the spring loaded firing
plunger is relcased. The firing pin actuator strikes
the primer, firing the round.

SECTION 5. 75-MM RECOILLESS AIRCRAFT CANNON

General Data

Caliber: 73-mm.
Muzzle velocity: 2,535 fect/second.
Gun length: 187 inches.
Gun weight: 1,430 pounds.
Svstem of operation: Recoilless principle.
System of feeding: Revolving drum.
Mecthod of charging: Spring rammer.
Method of cooling: Air.
Bore:
Number of grooves: 8.
Direction of twist: Right hand.
Form of twist: Constant.
Location of feed opening: Top.
Location ejection opening: Barrcl pivots in
center.
Type of ammunition: Fixed.

Type of charge: Ngl M. 36.

Projectile weight: 9.24 pounds.
Charge weight: 4.62 pounds.

General Description

This was a development project for a 75-mm high
velocity gun for mounting in aircraft and to have
automatic feed. In order to reduce recol to a
minmmmum, the design called for twin rear venturis,
as in recoilless guns, and a muzzle brake.

The gun was to employ a revolving drum-type
magazine and spring rammer operated by means of
mechanical linkages and ratchet and spring as-
scmblies, power being supplicd by gas take-off from
behind the rear part of the muzzle brake.

A conventional cartridge with electric primer was
to be employed.

The venturis were to be at 30 degrees to the

axis of the bore with the throats just forward of the
front edge of the cartridge case.
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Chapter 8

71.92-MM POWER-DRIVEN MACHINE GUN ZB-80

History and Background

For the design of the 7.92-mm power driven ma-
chine gun ZB-80, credit is due the Czechoslovakian
arms producing company of Ceskoslovenska Zbro-
Jjovka Akciova Spolecnost v Broe, of Brunn, which is
popularly known as Brno ZB or ZB because, obvi-
ously, of the unwieldy official name of the company.
This plant was established after World War I when
the victorious Allies were interested in thc establish-
ment of a small-arms manufacturing plant on a par
with the Skoda facilities for making heavy arma-
ment. The location at Brunn was decided on as a
factory already in existence there had previously
made weapons and two-cylinder automobiles. In
1922, the plant was converted to small arms pro-
duction by a combination of funds; 75 percent of
the stock was held by the Czech Government, 20
pcrecent by the Skoda Works and 5 percent by
employecs of the ZB plant.

France extended a helping hand, as the first ma-
chine gun built by the new firm was the Model 1922
light Hotchkiss built through the cooperation of
French Ordnance engineers who had been ordered
to turn over to the new company their latest draw-
ings on this machinc pun. In 1924, ZB introduced a
prototype weapon {ZB 24} of their own design, offi-
cially identifying it by the year of its appearance.
This weapon was a composite of many sound auto-
matic weapon principles that had been proved by
combat in other guns, such as Berthier, B. A, R.
( Browmng ;, Hotchkiss, and Chatellerault. A de-
mand for a light machine gun by the Czech Army
gave the company the needed opportunity for which
it had been waiting, and from that time on the ZB
Company has progressed in unbelievable strides.

I'ortunately for the company, there was a wealth
of skilled technicians available to assist in design and
fabrication.

The modern and highly eflicient ZB Plant was
taken over by the Germans early in World War 11
and opcrated under the name Walfenwerke Brunn
A. G, The Germans, long noted for their low re-
gard for the professional skill of others, especially
when compared with their own, admitted that the
Czech engineers were producing weapons as fine as
any in the world and paid. them the unusual com-
pliment of allowing them to continue their produc-
tion without being completely restaffed by their own
engincers. The Wehrmacht had acquired not only
two huge manufacturing arsenals but also gun
secrets of the Allics which had been developed in
the ZB plant since 1922,

With the [all of Germany and the seizure of the
Czech plants by the Russians, the Soviets for the
first timc had in their hands the one factor lacking
n their automatic armament program all through
World War II-—the manufacturing “know how™
whereby weapons could be mass produced to a close
manufacturing tolerance, and metallurgy and hcat
treating could replace bulk or mass. Under the
domination of the Soviet Union, the ZB facilities
furnished arms to the Russians under the designation
“Peoples’ Enterprise,” a suffix widcly used for satel-
lite war plants,

The ZB—80 was in the prototype stage at the time
of the German invasion of Czechoslovakia. The
model, picturcs, and drawings had earlier found
their way to the United States and a gun of this type
had been demonstrated to American authorities.
However, data given in this chapter are derived from
brochures prepared in the ZB plant.

Evidence is conclusive that the ZB—80 prototype
was designed with a 7.92-mm bore for the sole pur-
pose of conducting tests with ammunition that was
readily available and comparatively cheap. The
prototype included all fcaturcs necessary for scaling
up the weapon to cannon dimensions.
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Figure 3-1. Leftt side view

General Data

Caliber: 7.92-mm.

Rate of firc: 1,200 rounds,/minute.

Muzzle velocity : 2,750 [eet/second.

Gun length: 31.1 inches.

Gun weight: 20.9 pounds.

System of operation: Power driven.

System of locking: Camming action (eccentric ).

System of feeding: Link metallic belt.

Method of charging: Power derived [rom outside
source.

Method of cooling: Air.

Rate control: Svnchronization with airplane’s
motor,

Barrel length: 24 2 inches,

Weight of carrier frame and transmission: 5.5
pounds approx.

Burrel removal: Quick change.

Method of headspace: Fixed,

Location of feed opening: Top.

Location of ejection opening: Side (cartridge re-
mains in belt during firing and also during
¢jection ) .

Weight of one complete helt link: 0.23 ounce.

Description of the Weapon

The ZB-80 represents a departure from the con-
ventional automatic machine gun with synchro-
nized control. This weapon is power driven and
its operating cnergy is dcrived from an cxtcrnal
power source (the airplane’s engine] through a

mechanical transmission.

CONFIDENTIAL SECURITY INFORMATION
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of ZB-80, powerdriven machine gun.

Inasmuch as the gun is mechanically driven, it
does not require warming up or an independent
synchronizing device. These features increase the
reliability of the action.

Furthcrmore, by the simple process of inserting
the end of the belt into the helt gmde block, the
gun is made ready to fire, but there 1s no live car-
tridge in the barrcl, It follows that there 1s no hand
cvcling device or charging movement recuired.

The belt links are simple pieces of machined steel
and are very durable. They are not subjected to
distortion or twisting strains and assure accurate
functioning of the feed mechanism. The peculiar
design of the link in the belt makes it possible to
replace the ordinary functions of the breechblock
and cjector, and the empty cartridges or misfires
are mechanically carried out of the gun, thus elimi-
nating the most common source of stoppage. When
firing is interrupted, there can be only an empty
cartridge in the barrel, so that pre-ignition by an
overheated chamber is avoided.

The weapon cannot be damaged by delayed 1gni-
tion, because if the delay exceeds the time lag, the
barrel is moved off the cartridge and the latter ex-
plodes outside the chamber of the gun. Barring
instances when unusual deformation of the car-
tridge case occurs through delayed ignition, it is
carried out of the gun by the belt and no stoppage
occurs.

The belt chamber has been generously propor-
tioned, as a protection against damage to the main
housing (receiver) of the gun by delayed ignition.
In the event of the separation of the bullet and case,
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Ficure 8 2. ZB 80 Power-driven Machine Gun.

the powder is immediately emptied out of the gun
through openings at the rcar end of the barrel.

A small angle of dispersion is accomplished by
means ol the mechanical drive principle, which fixes
the firing point for the cartridge at a point which
maintains a constant position regardless of the speed
of the motor. The light weight and compactness
of the gun permit installation in any type of air-
plane.  The simple design permits rapid mounting
in any position with respect to the plane.  Dis-
mantling the gun can also be accomphshed with
Casc.

By selection of the proper gear ratio between the
driving pinion and drive gear, the rate of fire may
be brought up to the maximum of 1,200 shots per
minute. The mechanical connection of the gun to
the airplanc engime guarantees nmiformity and re-
liable operation with correct svnchronization at all
motor speeds,

This gun requires no breech locking mechanism.
The mechanical drive connecting the engine to the

gun imparts a longitudinal shding motion to the
barrel of the gun and simultancously acts on the
feeding and firing pin mechanism.

The cartridges are retained in a multiple unt
flexible steel belt, which feeds them into and out
of the gun.  The individual units of this belt con-
sist of but two parts, the bottom belt link and the top
belt hnk, which are interconnected with a dowel
pinn.  This pin I8 an integral part of the bottom
belt link, and i= locked after inserting the cartridees.
After the belt 1s inserted 1n the machine gun, it 1s
held in position by the belt holding powls.

The barrel moves on its horizontal axis, cuided
at the rear m the mam housing and at the muszle
by a bearing surface located in the flash hider. The
flash hider 15 connected with the main housing by
the barrel sleeve.  The flash hider Incking spring
locks the flash hider, and the barrel sleeve stud locks
the sleeve.

This shding block engages the angular grooves
located at the rear of the barrel forming the con-
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Figure 8 3. Right side view of ZB-80, showing the unusual design of the belt.

nection between the operating and drive mech-
anmism, and 1mparting reciprocating motion to the
barrel.  The breech end is protected by the guard
plate.

The crank pin drives the sliding block through
the crank pin roller, which engages the crank pin
roller bushing and runs in the sliding block slot.

The sliding block, that travels rearward and for-
ward is an eccentric which is governed by the radius
of the crank pin throw. After the barrel is locked,
the crank pin moves 30 degrees before it starts to
move the barrel again. This arrangement insures
that the time lags is at least three times as long as
the interval required for firing a round when the rate
of fire is 1,200 rounds per minute.
action prevents pulling a hang-fire.

The drive gear of the ZB-80 is located on the
side of the gun and is enclosed in the “‘crank hous-
g~ (recciver) which is attached to the “main
housing” with two crank housing bholts which, in
turn, are locked in position bv the crank housing
bolt catch. 'The roller bearing assembly for the
crank disk consists of the crank disk roller bearing
race, roller bearing rollers, roller cage, roller retain-
ing plate, and roller retaining plate rivets. The
roller bearing assembly contacts the periphery of the
crank disk., This bearing, which is of large di-
ameter, gives a considerable distribution of pressure
during firing; thus reducing stresses and strains to
the minimum.

The coupling for the crank disk is lacated in the
center of the assembly and engages the clutch by

This type of

means of slots in the clutch spindle, and the power
connection is completed through the crank disc
driver. Omne of the arms on the crank disc driver
is a little longer than the other; improper assembly
1s thus less likely.

The clutch spindle ball bearings are enclosed in
the crank case cover and held in place by the clutch
spindle ball bearing retaining nut. They form the
rcar bearing for the clutch spindle. The front
bearing of the clutch spindle consists of solid bush-
ing. The crank spindle end plate is slipped over the
square cnd of the clutch spindle and is held in posi-
tion by the crank spindle nut.

The crank spindle end plate, as well as the timing
plate which is attached with four timing platc dowels
to the driving gear, has meshed gears. The con-
nection between the drive gear and the clutch is by
means of the timing ring, which slips over the crank
spindle end plate and the timing plate. The drive
gear, which 1s mounted in the drive gear bushing,
rotates continuously as long as there 1s an application
of power and transmits the rotation to the clutch
through the timing plate dowels. Should an inter-
ruption in the [unctioning of the gun occur, the
connection between the clutch and the drive gear
1s broken by the shcaring off of the timing plate
dowels.

The timing ring is used to adjust the timing of
the gun when it is being mounted in the airplanc.
When this ring is slipped off in the direction of its
axis, the connection between the driving gear and
the clutch is broken; thereafter the drive gear and
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the clutch can be shifted in their relation to cach
other by any desired number of teeth. The timing
ring 18 locked, ax 1s also the clutch spindle nut,
against turning, by the timing ring retainer.

The shaft bcarings of the operating lever are
sccured to the crank case over and the crank hous-
ing, thus keeping the crank casc cover from turning.

The operating yoke 1s securcd o the spindle of
the operating lever by means of the operating lever
key and the opcrating voke sct screw.  When the
opecrating lever 1s shifted, the crank disc drive is
pushed into contact with the crank disc by the
operating voke, and the machine gun starts to fire.
The weapon may be controlled in two ways: (1] by
manipulating the vertical arm of the operating lever,
which engages and disengages the clutch; and (2]
by moving a horizontal arm which engages and dis-
engages the feed mechanism.

The feed mechanism is set in motion by the push
rod, which lies on the mam housing, and 1% guided
by the main housing top cover. The forward move-
ment 1s imparted by the sliding block, which is struck
on ils angled surface by the nose of the push rod,
fercing the push rod forward. The return move-
ment 18 accomphshed by a push rod spring and a
push rod spring plunger.

The push rod roller is mounted on the push rod
andl 18 prevented from falling out by the push rod
roller guide, which projects into the slot in the belt
feeder carrier driver.

The bclt feed carrier drive turns on its shaft and
transmits the reciprocating motion imparted by the
ncse of the push rod to the belt, feed carrier. The
latter i mounted in the main housing at right angles
to the axis of the barrel and has guidewayvs in the
form of slots, and protects the belt feeder.

The feed opening is located in the main housing
and 1s a part of the guide block which is held by belt
guicle block studs. The belt holding pawl projects
through a slot into the belt guide block and ¢ngages
the cartridges. The belt guide pawl releasc and the
belt stop pawl are located directly behind the bolt
guide block. The pawls are attached to their springs
by the release nuts and are retained by the release
spring. The rear end of the push rod has a cam
which operates the belt guide pawl, the relcase of
which 15 accomplished with a vertical movement of
the latch.

172 CONF

The cartridges are normally fed from right to left.
To reverse the direction of feed, the belt guide pawl
release and belt guide stop release arc changed
about, and three parts (belt feeder, belt [eeder
carrier, and belt fecder carrier driver) are replaced
by parts of symmetrically reversed design.

Midway on the push rod, there is an clongated
tooth which is caught by a prejection when it has
reached its extreme forward position. A slot in the
push rod, into which the woth on the horizontal
arm engages, prevents premature disconnection of
the clutch lever and also carries a lower arm, contral-
ling the push rod latch, in which the push rod latch
spring 1s mounted. The feed safety catch, located
on the main housing top cover, disconnects the belt
fced mechanism.

The firing pin with its main spring is housed In
the firing pin tunnel, located along the axis of the
barrel. A [orked firing pin housing lever, which
swivels on its shaft, is located under the firing pin
housing. The right fork of the lever is in constant
contact with the firing pin housing; the left fork,
which has a lug, is in constant contact with the firing
pin housing plunger. The firing pin housing spring
returns the firing pin together with its component,
to its initial position at the end of each burst.

The firing pin sear is located above the firing pin
housing plunger, turning of the scar pin readies the
firing pin. The firing pin safety device projects
with its nose into the path of the sliding block.
When the shiding block completes its rearward
movement, it presses the plunger back, and the
phimger forces the assembly forward through the
motion of the firing pin housing lever. The tooth
on the lcft arm of the sear holds back the firing pin,
compressing the firing pin spring.  When the
plunger has completed 1its rearward movement, the
lug on the firing pin housing lever trips the sear,
releasing the firing pin.  This arrangement greatly
reduces the period during which the firing pin spring
15 compressed, and, of course, serves to lengthen
its life.

The recar end of the main housing is closed by the
main lhousing cover, which is locked in place by a
spring loaded latch.

Mounting

A front bracket 1s attached on the framework
of the fuselage of the plane.

ENTIAL SECURITY INFORMATION
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The transmission for the machine gun drive
mechanism consists of a drive pinion, mounted on
the side of the bracket and engaging the drive gear
of the machine gun. The drive pinion is connected
to the cnginc through a flexible shaft. The gear
ratio between the motor and the machine gun is
determined by selecting the proper numbecr of tecth
on the drive pinion; the ratio in turn imparts the
proper rate of fire in relation to the RPM of the
power drive.

The trigger release is attached o the bracket m
about the middle and is connected through a
Bowdcn cable release to the master trigger on the

flving controls. A slot is milled into the head of
the trigger rclease.

The ammunition box is divided in two compart-
ments. The live ammunition assembled in the belt
1s placed in the right hand compartment, while the
empty cartridge cases, still held in the belt, fall into
the left-hand compartment. In order to prevent
danger to the live cartridges while the gun is firing,
the box covers are cushioned with springs.

A blast tube is secured to the fuselage; the muzzle
and flash hider of the machine gun project into this
firing tube, which carries the powder gases away.

The machine gun is secured to the bracket by two
bolts which pass through the front and rear bracket
lugs on the weapon and are locked in position with
safcty catches.

The vertical end of the operating lever rests in the
milled slot in the head of the trigger release, thus
connecting the machine gun with the master trigger.
To time the gun, the master trigger is depressed and
locked with a suitable catch mounted on the flying
control, and the clutch is turned by hand until the
machine gun barrcl is in the firing position. The
timing ring is then taken off and the rotation of
clutch is continued by hand until the desired tooth
has advanced to the desired point. The gun is now
in the actual firng position. The timing ring is
slipped back into place, and the catch on the master
trigger released. The clutch is turned a full revolu-
tion by hand, thus disconnccting the firing mecha-
nism in order to prevent the possibility of accidental
firing.

All that remains to be done is to insert the belt into
the machine gun, and the weapon is ready to fire.

ZB-80

Cycle of Operation

The drive gear on the machine gun rotates con-
tinuously with the rotation of the airplane engine,
as a result of a direct connection between these two
parts, When thc master trigger on the controls is
depressed, the following sequence of actions takes
place. The operating lever is shifted by the release
on the gun and the operating lever yoke pushes the
crank disk driver into engagement with the crank
disk. This action completes the connection between
the driver gcar and the crank disk, which then com-
mences to rotate counter-clockwise. The closing
phase of the cvcle is completed when the operating
lever relcases the push rod from the horizontal arm,
causing the push rod to be returned to its previous
position. The push rod roller then turns the belt
feeder carrier driver on its shaft, forcing the helt
feeder carrier to one side, and the belt feeder is
brought into the engaged position. The crank pin,
running in its slot in the shding block, imparts a
reciprocating motion to the sliding block, which is
transmitted to the barrel.

As the barrel moves forward, the push rod is
picked up by the sliding block, and the bolt guide
pawl 1s depressed by the action of the cam on the
push rod against the belt guide pawl release.  This

‘action releases the belt, and the feeding mechanism

pushes a fresh cartridge into position behind the
barrcl. The push rod, which is retained in its end
position by the horizontal arm on the push rod latch
and the belt, is locked by the belt guide pawl and
the belt stop pawl.

On the return movement of the push rod, the bar-
rel is pushed over the hve cartridge, thus closing
the breech. The sliding block pushes back the firing
pin housing plunger, and the firing pin housing lever
of the firing pin housing, which is connected with
firing pin housing plunger, moves forward; the
firing pin is caught by the sear, and the firing pin
main spring is compressed. Simultaneously, the
sliding block engagcs the lower lever arm of the push
rod latch, causing it to rock and release the push rod.
The latter flies back and forces the feed mechanism
into the ready position.

When the firing pin housing plunger reaches its
in-battery position, the lug on the firing pin housing
lever rotates the scar on its shaft, releasing the firing
pin, which flies forward and detonates the cartridge.
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The cycle is thus completed and continues as long
as the master trigger is depressed.

When the master trigger on the controls 1s re-
leased, the trigger release forces the operating lever
into neutral position. The horizontal arm on the
operating lever remains engaged with the push rod
until it reaches the slot on the push rod, drops into it
and grips it. This action occurs only at the point
where the barrel has reached front dead center. The
operating lever is then locked in this position by the
upper arm of push rod latch.

When the barrel reaches rear dead center, the
cartridge in the chamber is fired and the sliding
block twists the push rod latch, releasing the operat-
ing lever, and the operating lever yoke disengages
the crank disk drive from the crank disk.

This action breaks the connection between the
crank disk and the clutch of the machine gun.

For loading belts, a loading mechanism 15 em-
ployed, which takes the belt apart, ejects the empty
cartridges, inserts live cartridges in the links, and
reassembles the belt links.

SAFETY PRECAUTION. Before placing the car-
tridge belt in the gun it 1s mandatory that the car-
tridges be well greased in order to prevent rupturing
of the cartridge cases at extremely high rates of fire.
The procedure used in this function is to dip a brush
in heavy oil or vascline and o1l or grecasc both sides
of the ammunition by a painting process.

Disassembly

A special wrench is sent with each gun. This
all-purposce tool together with a loaded cartridge arc
sufficient for the complete disassembly and assembly
of ZB—80 Machine Gun.

The horizontal lever arm 1s turned until it projects
out of the main housing top cover. If resistance is
felt, the operating lever 1s pressed continually, and
the drive gear is turned until the crank disk driver
can be engaged in the crank disk and the operating
lever turned. Then both crank housing studs are
extracted and the crank housing detached from the
main housing.

The sliding block is moved forward, thus moving
the actuating rod in the same direction, and 1n posi-
tion to be secured in pogition by the {eed safety catch.
T'he flash eliminator locking spring is turned and the

barrel sleeve taken off. The sliding block is un-

screwed and removed.
the main housing.

To Disassemble the Belt Feeder. The main hous-
ing rear cover is taken off by pressing the main hous-
ing rear cover spring to the rear with the thumb of
the left hand and pushing sidewise with the right
hand until the cover falls off.

The main housing top cover is pushed to the rear
as far as 1t will go and lifted off the main housing.

To free the feed mechanism the push rod pawl
must be forced down until its locking projection re-
leases the spring loaded latch. The [eed is then
lifted up and removed from the receiver. Now
withdraw out of recess in the main top cover.

The barrel is pulled out of

Now the push rod spring, push rod spring plunger,
and the push rod are withdrawn out of the recess
in the main top cover.  The push rod roller cannot
be removed from the push rod because the push rod
However, the push rod
pawls and the push rod latch spring can be lifted
out of their housing. Rcemove the belt fceder
carrier.

To further dissassemble this piece, the belt feeder
pin is pulled out of the belt feed carrier and the belt
feeder is pushed upward. The belt fecder spring

and the belt feeder are removed from the receiver.

roller guide is riveted.

The belt feed pawls are next released by unscrew-
ing the studs holding them and are taken out in a
downward direction. The belt guide releases, along

with their springs, are removed by lifting them.
After the belt guide lock screw 1s released, the belt
cuide block is taken out.

Figure 8-4. Disassembly of feed system of ZB-B0 Power-
driven Machine Gun.
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£B-80

To Remaouve the Firtng Pin Assembly. "1'o remove
the firing pin spring, the firing pin bolt 1s unscrewed.
The sear pin 1s then rotated and pulled upward.
The firing pin housing plunger is forced to the rear
and together with all relating components is re-
moved from the main body of the receiver. The
firing pin is lifted out of its tunnel and the firing pin
spring removed from its housing.

s
T

Fiqure 8 5. Removal of firing assembly of ZB 80 Power-
driven Machine Gun.

After releasing the barrel sleeve stud, the barrel
sleeve can be screwed off the main housing.

Disassembly of the Drive Gear. Both timing ring
retainers are shifted in the direction of the clutch
spindle axis. The crank spindle nut is unscrewed
and the drive gear, crank spindle, plate, and timing
- ring are then detached. The operating voke set
screw is screwed out and the operating lever removed
by pulling sidewise.

The operating yoke is then taken out with an up-
ward motion. l'he crank case cover 1s screwed off,
and the crank disk is removed from its housing.
The clutch spindle and crank disk drive are taken
out of the crank case cover.  After the ball bearing
retaining nut is released, the clutch spindle, along
with its bearing, 1s removed.

Disassembly of the Drive Gear Bushing. Disas-
sembly is not recommended as the bushing is fitted
at the factory in such a manner that it would be next
to impossible to duplicate the act in the field.

Preventive Maintenance

When the weapon is completely disassembled it is
recommended that the guidewavs and bearing sur-
faces be lightly greased and a coating of thin oil ap-
plied to the operating parts. 'The drive gear should
likewise be lubricated with vaseline at this time with
particular attention paid to greasing the clutch
spindle ball hearing, the crank disk, and the drive
gear bushing. The recess in the rear bearing of the
flash eliminator is filled with grease.

Assembly

To assemble the gun, the steps stated under Dis-
assembly are reversed.

Malfunctions

As a safety precaution, this weapon has two plate
dowels incorporated in 1ts drive gear. In the event
of a stoppage, these dowels are sheared off and must
be replaced belore firing can be resumed.

To replace the dowels, the crank spindle nut 1s
unscrewed and the drive gear is removed. 'The
several dowels are replaced by new ones, and the
drive gear and crank spindle nut are put back.

If a cartridge becomes wedged because of the ex-
plosion of a hang-fire or a de-bulleted cartridge, the
barrcl 1s removed so that the belt guide pawl releases
can be pressed down and the cartridge belt pulled
out of the feedway.

In the event ol split cartridge cases, the barrcl 13
taken out and the remaining portion of the separated
case is pulled from the chamber with a special tool.

A broken firing pin is replaced by screwing out
the firing pin housing lever in the bolt body.  This
action frees the firing pin housing, which is taken
out.  Then a new firing pin is inserted in place of
the broken one.
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Chapter 9

SOVIET AMMUNITION

7.02-mm Ammunition

Soviet rilles, carbines, and rifle caliber machine
cuns fire a rimmed, hottle-necked 7.62-mm round.
Rimmed ammunition is not well suited for use in
automatic weapons, but clever gun designing has
overcome the drawbacks ol this old-style round.
The basic cartridge is the Model 1908, or licht ball,

cartridge; the Model 1930, or heavy ball, cartridge
15 used for infantry machine guns. In addition to
these types, explosive, tracer, incendiary, and other
usual kinds of cartridges are made.  Many varieties
are available in each caliber; however, it is bevond
the scope of this book to describe all the existing

kinds.

Figure 9-1.

Soviet armerers loading belts into a fighter plane.
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Figure 9-2. Soviet 7.62-mm cartridge.

Soviet smeall-arms ammunition has been notori-
ously poor in quality. Ewven before the desperate
situations which developed in World War I, a dnive
was started to conserve materials by substituting a
steel cartridge casc with exterior copper wash for
the normal brass cartridges.  In the course of the
war it was necessary in some instances even to sub-
stitute iron cases for those of steel.

12.7-mm Ammunition

The development of the Soviet 12.7-mm cartridge _ _
. s . . Figure 3-3. Close-up of a fired case [rom a Soviet 7.62-mm
was influenced by the German ‘1. u. F. 13-mm cartridge.
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round used i World War [. The over-all design
of the 12.7-mm is excellent. The outside world first
became awarce of it in connection with reports of
the development of the 12.7-mm Degtyarev gun,
about 1934. 'T'he use of this cartridge was adapted
to the scries of guns produced by Beresing two dis-
tinct feed belts were developed. ({Sce fig. 9-1.)
Because of its introduction nto the forces of various
Soviet satellites, this cartndge ranks in importance
second only to the American caliber 50 as far as
world-wide use 1s concerned.  Although nominally
of the same projecule diameter, the American
and Russian reunds are not interchangeable. The
12.7-mm rounds arc produced with a varicty of
projectiles and are¢ marked with a color code to
distinguish them. The 12.7-mm round is shown in
figure 9-5, and the fired case is shown in figure 5-6.

Norte. It is important that personnel handling
foreign ammunition obtain all available information
Information
compiled during World War IT has been superseded
in many cases.

The success of Shpitalny rifle-caliber aireraft ma-
chine guns led to larger calibers. (Seec ch. 4.}

on its color code and characteristics,

Because of features of this design, it could not be
madc to function with the rimless cartridge used in
the Degtyarev and Beresin 12.7-mm guns.  Accord-
ingly the highly successtul 12.7-mm rimless case was
converted into a rimmed version having character-
(See he.

The rimless round was applied successfully

istics suitable to only one mechanism.
0-7.)

e G L FCr g
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Figure 9-4. Comparison of Soviet 12.7-mm machine guns. Degtyarev {ahave) and Beresin (helow).
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to several models of two distinet systems of machine
cuns, but the rimmed round had very limited use in
a single ill-fated gun.  Whether the gun itself was a
failurc or the ammunition supply hopeless is not
ecnerally known, but the Shvak 12.7-mm played no
important part in World War II. The rimmed
12.7-mm cartridge is quite rare, and the gun for
which it was developed has passed from the scenc.

One method of shipping bulk 12.7-mm ammuni-
tion 1s shown n figure 9-8.

Dual Ammunition Supply

The apparent explanation for the Soviets’ use of
a dual ammunition supply i wartime i1s the extraor-
dinary prestige enjoved by Shpitalny. Tt is a curi-
ous [act that ever since the introduction of firearms
mto military forces, Ordnance Departments have
becen stumbling into the dual-ammunition  trap,
usually in a situation inveolving a war or national
emcergency.

200omm Ammunition

The cartridge case for the Shvak 20-mm ammu-
nition is a Sovict ordnance item that shows evidence
of desperate haste in design. It shows few of the
outstanding characteristics of the Amecrican and
Europcan rounds designed for air-to-air combat.

The origin of this cartridge is open to discussion.
It bears a physical resemblance to some of the old

Gatling cartridges of the nineteenth century, one of

Although both fire the same

cartridge, the fecd helts are different.
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Figure 3-5. Complete round of Soviet 12.7-mm ammunition.

which is the caliber .75 shown in a catalogue of
Kynoch and Co., of Witton, Birmingham, England,
for the year 1882, Most of the Russian Gatling
guns used the small arms ammunition but it is known
that a few of larger caliber were tried. However,
figure 9—12 shows the ald caliber .75 Gatling round
alongside a -Flim{:l’l.‘i[ﬂt'l:ll Hk_t’ff.(;h of a complete round Figure 9 6. Close-up of a fired cartridge case from a Soviel
of 2(l-mm Shvak ammunition. 12.7-mm round.
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Figure 9-7. Artisl’s conception of the 12,7-mm rimmed cortridge
used in the Shvak gun of that caliber,

CONFIDENTIAL SECURITY INFORMATION

23-mm Ammunition

There 1s a striking contrast between the Soviet
20-mm and 23-mm rounds used in World War IL.
The 20-mm was crudely designed and apparently
produced in the utmost haste; the 23-mm exhibits
features of refinement. The latter uses a bottle-
necked case; and, although there s no distinct
shoulder, the use of a belt just forward of the can-
nclure, or groove, serves to provide a mechanical
stop to fix the extent that the round may enter the
chamber. (Scefig. 9-13.) The shape and dimen-
sions of the groove itself follow the latest practice.

In the era just before World War 1T when em-
phasis began to be placed on increasing the explo-
sive content of aircraft gun projectiles, several
manulacturers produced 23-mm rounds which were
merely versions of their 20-mm cartridges having
the neck cnlarged and fitted with a suitable pro-
jectile.  Such changes generally had the result of
lessening the effectiveness of the shoulder in posi-
tioning the round and adding materially o the
possibility of lightly struck primers.  The date of its
appearancc and its own phvsical characteristics
indicate that the 23-mm VYa was designed specially
for use with the 23-mm projectile and is not a con-
verted 20-mm design.  Figure 9-14 1s a close-up
of a fired case of this series.

In the vears that followed World War II, the
Russians produced a new gun in the 23-mm field,
the NS, For this gun, the Soviets desicned an
entircly new series of ammunition with a case con-
siderably smaller than that of the VYa. At the
time this ammunition was designed, the major world
powers were vigorously sceking higher velocities and
increased performance, features which could not be
credited to the NS round, with its absence of taper,
poor shoulder, and lack of helt, shown in figures
9-15 and 9-16. The differences between the
23-mm rounds for the VYa and the NS are evident
in figures 9-17 and 9-18. Unless the 23-mm NS
cartridge is an interim round, it represents retrogres-
sion instead of progress.

37-mm Ammunition

The hcavy load of propellant used in the original
N 37 gun caused excessive stresses in engine and

180 CONFIDENTIAL SECURITY INFORMATION




CONFIDENTIAL SECURITY INFORMATION

——

a2y ooy v o
. o
. e
e
b
e £
ot

iy

Figure 9-8.

airframe. The dimensions of the NS 37 cartridge,
shown in figure 9-19, indicate its unwicldy shape,
which accounts for the stresses,

T'he refinement of the 37-mm gun which followed
World War II included a reduction of the propel-
ling charge, permitting the use of a smaller cartridge
case. T'he smaller casc, of course, permits shorter
parts travel in the gun, but even more important it
reduces the bulk of the ammunition. Figure 9-20
shows a fired case from an N 37 gun which was
picked up in the Korean theater of operations.

Figures 9-21 and 9 22 are comparisons of base
and profile of a representative group of Russian
cartridge cases. The two specimens on the right,
which are rccent developments, indicate a trend

Method of packing Soviet 12.7-mm cmmunition in bulk.

toward a smaller cartridge.  Although there is little
taper and a rather vague shoulder, the construction
of the base and the cannclure follow present trends.
Design features of these cases indicate that they are
the work of a single designer or group.

Links

The links used with these two rounds are the
stripping type, as shown in figure 9-23. With-
drawal type links, shown in figure 9-24, arc used n
all the Shkas, Shvak, Beresin, and VYa aircraft
guns. All four types illustrated werc used in World
War 1I. The rifle-caliber hink used in the Shkas
can be used in the DS and SG 43 ground guns as
well as the aircralt gun for which it was designed.
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Figure 3-10. Soviet 20-mm complete round for Shvak cannon.
(Round has been rendered inert at a U. S. proving ground.)

Figure 9-3. Close-up of a iired cartridge case for the 20-mm
Shvak gun,
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Figure 9-11. Bulk shipping containers for Soviet aircraft cannon ammunition, Top, 23-mm, and bottom 20-mm.
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Figure 9-12. The 20-mm Shvak round compared with the old caliber .75 Gatling round.
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Figure 9-13. Study of a complete round for the 23-mm VYa canncn.
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Figure 9-14, Close-up ol g fired cartridge case for the 23-mm
VYa qgun.
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Figure 9-13. 5tudy of a complete round for 23-mm NS canncn.
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Figure 9-16. Close-up of fired cariridge case for 23-mm NS
g,
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Figure 9-17. Comparison of Soviet 23-mm cartridge cases, both of which can use the same projectiles.
Left case, old, for VYa type, right, new, [or NS cannon.
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Figure 9-18. Markings on heads of Soviet 23-mm cartridge cases. Left N3, right VYa type.
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case used in the

Aitist's concegtion of cartridge case used in the Figure 9 20. The new, =zmaller, cartridge
d7-mm Soviel "N gun.

cld 37-mm NS cannon.

Figure 9 1&.
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Figure 9-21. Comparison of typical Russian cartridge ecases.  Left to right; 7.62-mm, 12.7-mm, Z0-mm, Z23-mun (NS) and 37-mm
(small).

Figure 9-22. Comparison of profiles of Russian cartridge cases. Caliber of each case is given in figure 9 21, cbove.
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Figure 9-23. The cases und links for the new 37-mm ond £3-mm Soviet gircraft cannon. Both cases are Nudelman designs.
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12.7mm

Figure 9 24. Varicus types of belts used in Soviel aircraft machine guns in World War II.
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Chapter 10

SYMBOLS USED ON SOVIET MACHINE GUNS
AND AIRCRAFT CANNON

Code of Symbols Used on Soviet Machine Guns and
Aircraft Cannon

Soviet machine guns and aircraft cannon are
usually named for their designers. A short desig-
nation 18 devised by using letters [rom the name ol
the person credited with the design and some other
identifying symbols, such as, some word or phrase
from the name of the gun, arsenal mark, caliber,
or year of manufacture. A table which follows ex-
plains some of the designations found on various
Soviet machine guns, aircraft cannon, and related
small arms.

This system was established alter the Revolution
and since the modern armament industry was estab-
lished, Its flexibility has permitted it to remain
unchanged as new weapons are added. In con-
trast, the system has been superseded in the West
by thc well-known number method of designation.

In the guns of the Degtyarev group, the serial
number and the vecar may appear with letters of the
alphabet. On most guns of this group, the marks
are rather crudely stamped and are found on the top
rear of the receiver.

The Shkas machine gun offers an interesting con-
trast. When it first appeared, in a peacetime period,
high standards of fimish prevailed. Each zun was
carcfully marked with the names of the inventors,
the vear of manufacture, the caliber, the serial num-
ber, the arsenal mark, and the type (such as wing,
synchronized or flexible). Iigure 10-1 shows this
type of Shkas markings. Later guns, however, have
been found with very poor standards of fimsh and
markings crudely applied. On the other hand, the
Shvak cannon (fig. 10-2}, do not bear even the

invensar's initials.

K ussian char-

i ters

GC

A
higds
hig|

OIIM
(e

OxE,

LT
ATM
KT

ME
MT
MITI

HC
[\
I11B-1
IMMKac

NIBaxr
(43
11

TII

YBR
YBC

¥YBT
B¥a

English |

characters

|
~ BS
DA
DK
DP
DPM
DS
| DShK

DT
DTM
. KP

M-K
M-T
MP

NS
| PM
C PV-t
Shkas

~hvak
SGo45
5P

TP

UBK
UBS

UBT
VYa

Meaning in English

Beresin aircraft,

' Degtyarev aviation.

- Universal Beresin

Degtyarev heavy caliber.
Degtyarev infantry,
Degtyvarev infantry modified.
Deguivarev heavy.
Degtyvarev-Shpagin
caliber.
Degtyarev tank.
Degtyarev tank modified.
Wing machine gun (rcfers to
Shvak).
Maxim-Koleshnikov.
Maxim-1'okarcv.

heavy

Motor machine gun (refers to
Shvak}.

Nudelman-Suranov,

Machine gun Maxim.

Machine gun Vickers.

shpitalny-Komariisky
craft high-speed machinc
gun.

air-

Shpitalny-Vladimirov.

Heavy Goryunoy 43

Synchronized machine gun
(refers to Shvak).

Flexible machine gun (refers
o Shyvak).

U niversal Beresin wing.

synchro-
nized.

Universal Beresin flexible.

Volkov-Yartsev,
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Iigure 10-1. Mauarkings appearing on the top of o flexibla Shvak machine gun.

Figure 10-2. Identificction morkingson an engine-mounted Shvak coannon.
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5
Figure 10 3. Markings on a 12.7-mm Beresin Aircraft Gun.
(xi\?% SENAL. "MARK:)
e | Bt M&CH ! N 1€ dN
bi ’;3.%_. 1 : ; | Wit
; ':‘:";._ '''' ! e'; B
f;-._:.;; _; - : - .
No Q, 3 6 5 "\J O "DV O 5 |
: 1946r

1946 YK
NOTE ;. MARKINGS '_&HGW& :ﬁ_E‘E. FL’GM AN APPRCXIRMATE
SKETCH , NOT AN EXACT FACSIMILE .

Figure 10-4. Copy of markings appearing on a Goryunov infantry machine gun captured in Korea.

CONFIDENTIAL SECURITY INFORMATION 197



THE MACHINE GUN

Figure 10 3 shows typical markings on a gun of
the Beresin family.  Marking on this particular
cun was done in two stages.  Itis evidently the prac-
tice to place the letter indicating the use {synchro-
mized, turret, or wing) and the serial number at a
late stage in manufacture, while the letter for basic
information is placed earlier.

The Goryunov ground machine gun {fig. 10 4)
is marked inconsistently.  Some guns show the full
name, some have mitials, and some omit the de-
signers entirely.  Attempts have heen made to ex-
plain these facts on grounds of political favoritism,
but 1t mav be that local conditions dictate more or
less care in the marking operation, and specifications
may be less rigid than in the Western countries.

The markmg of a4 VYa cannon i1s shown in figure
10-5. In the early appearance of this weapon in
the Korecan opcrations, attempts were sometimes
made to obliterate the identification.  Such an at-
tempt is shown in figure 10 6. It is evident that

H .-?_.:E. o

PO ot e e

CONFIDENTIAL SECURITY INFORMATION

the purpose was Lo conceal evidence of Soviet
origin of the cannon.  T'o accomplish this purpose,
the arsenal mark was crudely removed and the 1m-
tials of the gun svstem were scratched off.  All
letters and figures remaining arc common to the
Russian and nglish alphabets.  In figure 10-7 we
sce an even more thorough job along the same lines,

The Nudelman-Suranov 37-mm cannan pro-
duced during World War IT have not only the ini-
tials of the inventors” surnames included in its mark-
ing but also the surnames spelled out mn full an
another line. This duplication is typical of the
varietv to be found in Soviet machine gun marking.
Figure 10-8 shows the marking on an NS 37 gun.

The NS 23 is stamped with the initials but not
the names.  The example shown in figure 10-9 in-
cludes the serial number, caliber, and year of manu-
facture. {The un-svnchronized, fixed wversion is
similarly marked except that KM replaces CM after
the 23.)

o e i ; G R DG EEE g SEE

Figure 10-5. Complete marking from a 23-mm VYa cannon,
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Figure 10 6. VYa cannon with morks crudely defaced. The arzenal mark and the initials have been cbliteratec.
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Figure 10-7. VYa cannon with gll marks except gerial number removead.

As parts are not completely interchangeable, the
serial number i=s critical for reassembly.
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3fmem GUN NS : S Tmm MYHA HC

e L .

: - NUDELMAN AND SURANOV HUFRbMAHA » SURANOV

. TD-487 - = 194Br . . TR-467 1943

Figure 10 8. Typical marking of o 37 mm NS gun.

Figure 10-9. Mark of o 23-mm synchronized NS gun.
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Entrics in this index refer to Russian guns,
personalities, places, etc., unless identified
otherwise.

References in italic type indicate pictures.
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First Sovict-mnade cartridges. .. ... .. 10
Pointed nose tvpe. . . ......... ... .. 10
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Ammunition, caliber .75 Gatling.. 179, 784
Ammunition, 7.62-mm. . .. ... 176-177,192
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Decgtyarev heavy gun (Se¢ Degtvarev
DK).
Degtyarev Infantry gun (See Degtvarev
DP).
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Degtvarev DPM). '
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Degtyarev DT):
Production in 1944, .. ... .......... 14
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Denmark:
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Synchronized. .. 122, 734, 135, 136, 137, 201
Timecycle. . ... ... ... ... ... 138
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Markingson. ............. 78, 195, 796
In World War 11. .. .. ... .. ... ... 75
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