Essentially, the action of the muzzle gases on a muzzle brake
ig the same as that oI(for comparative and demcnstrative purpasc%)
a jet of high pressure steawm on the turbine blades ¢k & turvdue,
The kinematic analysic of each is similar. The gas pressure reduces
quickly at the muzzle and the gases eescape with a kinetic energy
equal to the pressure difference only in the case in which a Laval
expansion nozzle is fixed at the muzzle, The gases must pass
with a high velocity from the muzzle to the blade (brake). The
design of the nozzle must accordingly not impede this flow.

|

Outflow velocities in. the case of simple parallel openings

reveal that the critical velocity is far surpassed,

The cross~sectional boundary where the gases are not yet
mixed with the air is shown in the accompanying sketch, in graphic
scale. This represents the "jet border" within which the muzzle
brake must act, also shown in part b. of the sketch,

The time that the projectile travels fromthe muzzle to the
brake vane, or blade, is the effective period of the muzzle brake,
Gaeg mass is also significant, so the higher charge-to-mass ratio
(c/w) loads are more efficient in muzzle breke action. .That is
weaponsusing ammunition with low charge weights cannot effectively
benefit from use of a muzzle brake.

e
i

To determine the efficiency of the muzzle brake, fire the
weapon at 0° elevation without the muzzle brake, then with the
muzzle brake.

As the difference in the lengths of the recoils is only a few.
millinmeters, one can assume in practice that in both cases, with the
maximum recoil velocity, the recoil lengths are the same, and that
the maximum recoil velocity occcuys at the end of the after effect.
The brake force K, mey have a constant value.

Rx

KI
X

The constant brake force without muzzle brake,

LE

The constant brake force with muzzle brake,

Gy = Weight of recoiling parts.

I. Without muzzle brake: K, 'S3 = Gr v2 max = E :
9
kL) K, =2 g 83 .V max

Gr

137



6.5mm REF

BOUNDARY OF EFFECTIVE JET ACTION
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RESULTANT DESIGN OF MUZZLE BRAKE ELEMENT
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II. With muzzle brake: K'x . s3 = G'r . V'" max =« E
3 LA S ;
(2) : Ky G'z y'2 max
' 2':3.53

V' max << V max and in both cases the lengths of the recoils after
the after effect are equal becsusge the openings through which the
flow takes place are closed only after the end of the recoil. '
From this it follows that: :

(3 S
and the efficiency of the muzzle brake is:

(4) yeE-TE' (100)
- E

Since Gy is almost euqual to G'y it follows that:

(5) ye|l-V'2mex | . 100 =
_ : V‘ max

if, also; 8y & s'y we may write:

(6) - E~E'zPx . 89
2 _
§1 = Length of recoll, projectile in barrel
89 = length of recoil during the after effect
S4 z Length of recoll after the after effect

Consequently, the force of the muzzle brake is;

(7) Px = 2 . (E -E")
g9

Here it was also taken for granted that

8, = s'yg and K, & K'y (until the end of the after effect)

Tke Reducticn of the Recoil

‘Without the muzzle brake the total recoil length is:
(8) § ¢ 8y + 82 + 83

The brake force on the path s3 is: K 4 » Constant
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With the muzzle brake the total recoil length is:
(9) 8t % 8" a4 a8t w8’
The brake force on the path s's is: K'y3 = Constant
(10) and K?3§$’K‘x3 , besides 54 ~0s'5
The question now is how great will be the length of recoil (2"3)

when a muzzle brake is used, if the brake foxce K,3 1s the same &s
without a muzzle brake. We must have:

(11) KXB < 8"3 = K'x3 . 5'3 H S“3 = X'%3 ., 313
Kx3

And the reduced length of recoil is: Sy = s'l $ogto g E s1+so+8"
because up until the cessation of the after effect, the rgccil lengthsa
are alwost the same with 2nd without the muzzle brake., The amount of
the shortened recoill is:

(12) meS =~ (8'"1 48"y 8") 2 (e + 82 +83) ~(s'y +6'3+38") .~
s ) 8y + 8y + 8

3

S
Since:
(13) sl,\;s'i; sg~vE',
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VI Weapon Analysis

Thia iz the most critical, constructive, and informative phzse
of the weapon engineering cycle. Here the designer leaxns to corxect
his mistakes, adjust his theorles, redesign his mechanismz; and jein
with others In evaluating performance. The instrumented test vehicle
provides time and moticn data so that velocites of moving parte ave
determined, -and energy dissipation compared with the weapon cycle.

In thie section, the time-displacement camera and resultant
capablilities are demcnstrated followed by an actual analysis of a
recoll operated machine gun under development., Finally, a visual
analysis of the Soviet A¥-47 aszault rifie is given., Fixing data
and time-displacement 'records were not available, but the descripticn
will reveal a number of features in this design that should be of
interest to all small arms design engineers.’

Time=Dizplacement Data

f The time displacement rezord is one of the most useful .
instruments that a wezpon dasigner can use in the development of
an automatic weapons. A typicsl drum-type T-D camera is shown
in the accompanying sketch. With it, the following is determined:

£, Motlon of eelected component of weapon in distance
2

(b.) Timée of comp:ﬁent traverse

(c.) Dwell timz between zhots

(d.) Ra;é of component traverse during cycle éf cperations

(e.) Component bounce, if any

(£.) Deflection of mount, cr seml-rigid receiver, during fixing
(g.) Rgpraduaibility ¢f component trevel in & burst of fir&-
(he) Rate of fire

(1.) Time required for mount moticn to dampen out.

From the tiDEwdisplacemenL curve, the following is dexrived:

g,) Absolute motion of given component indeperdent of
meunt defilection,

b.) Velocity of a given component through out its traverse,
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¢.) -Acceleration and/or deceleration of the same component,
d.) Enezgy balance during recoll and counter-receil motionm,
e,) Coefficlent of restitution of buffer mechaniem,

= Exr - Fe'r
Ex

In a typilcal te it, the weapon 1s mounted in & cradle, or
teast fixture, and a reflectu~ pin attached to the desired
component, say cperating rod, and another reference pin mounted
on the receiver, or mount, The T-D camera is pesitioned
perpendicular to the wespen, in & brace of spwtlig*tv, so that
the reference pins reflect light onto the camera's lens.

Within the cemera 1s a 12" dis, otéry drum that will be
revolving at a high constent speed at the time of firing., A
gseries of timing merks (indicating milliseconds) will bte printed
on the roll to indicate the exact speed, A test expousure ls made
to determine the linecar scele, called "inch marke",

On firing, the light reflected from the reference pin will
automstically pzint & curve of operating rod motion with respesct to
camera drum rotztion (time) end a companion curve of mount deflecticnm.

After development of the print, the T-D curve will be a permanent
record of the opereting rod motion disgram. A brief visuval inspeciion
will immwediztely determine whether or not operating rod metion was
smooth e#nd efficient, or "jerky". By viewing with the eye tangent
to the curve, discontinuties in motion are veadlly éepparent,

Several s‘ngle shote or 2 buret of fire may be recoerded on a single
gheet, eo that the elope of the TwD curve can be readily compared
for g1l rounds as well &2 time gpan to recoll znd countererecolil
motion.

Sudden shifts in slope indicate change in velozlity, ensrgy
logss, oz work dons. This 1o fyempliiiﬁd in the dizgram showing
recoil mution and zttendant velocity diagram of the 7.62mm MGO
machine gur. Note how the velocity drops euddenly when the operating
rod picks up the relatively hesvy belt and deoss work in extracting
the certridge case. Then a velacity increase Indlcates effect of
residual chamber precsure (blowback ac.ion)

Tha folluwfpg data s‘ ywild be marked on one corner of the
T<D wecord for referance

A) Date of test

B) Wezpon medel and gawizl number

oy
_&‘\
4t



C) Number or rounds fired

D) Armunition lot number

i
£

E) Weight of recoiling partse or other components of interes
F) Purpose of test cr J.0. #
G) Curve Number

Eefore evaluating the "operating red" motlon eurve, remember
that the indicated curve is a result of operzting rod motion
plus or minus mount motion, depending uvpon the mount motden
diagram, Therefore, a "corrvective" operating rod mobtion dizgram must
be constructed. This iz done as follows:

‘a) Layout & series of vertical evenly=spaced increments,
e.g., «1 inch apart, so that they pase through both the mount
motion dlagram and the operating rod motion diagram.
; b) When both curves are in receil, subtract the mount
motion af each incremant from the operdting red motion.

¢) When the mount haa.gone forward past the starting plane
then add the mount metion at each increment ta the cperating
rod motion,

The resuitant series of points will form the corrected curve
of cperating rod motion with respect to the recelver. The slope
of this curve at any paint {8 the veloclty et that peint. That
s, the tangent of the engle, when correct for tims and linesr
gcales, is the operating rod veleocity, as follows:

a.) To dectermine the time scale, measuve the length of 20
meec., (21 lines) and divide by 20 (Never use a einpgle spacing)

b.) To determine the linear scale, mezsure the distance
between "inch marks",

¢.) Remembewing that velocity equals "diztence" divided by
“eime'", then:

v

=d e 1/ linear scale x 1/12 tan -5
t 1

[time scale
For example, in a T-D curve where the "inch markas" are 2,03
inches gpart, znd the "timing marks" ere .261 inches apart,

V=131/2,03 % 1/12 tang = 10.7 tan £
1/.261 x 1073
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tan @ = tangent of the curve at any selected point,

d.) 'Therefore, to obtain a velocity diagram, measure the
slope at each increment, and multiply the tangent of the zngle
by the constant (in this example, 10.7)

To restate the example, calculate the velccity for a slope
in which the angle is 45°. The tangent of 45 i2 1.0, therefore,
this will be the constant that corrects for linear and time scalez.

Velocities at any other slope is then mexely the tangent. of
the angle times the velocity calculated for a 45° slope.

1f a time-displacement record shrinks or stretches in time, the
scale will also mcve accordingly. Therefore, the record will
remain accurate,

An acceleration curve may alsc be obfdincd for the coperating
rod motion as follows:

a,) After laying out the velocity curve, to some suitable
scale, say 1" » 10 feet/second and smosthly cennecting the
points plotted, the slope of the velecity curve is an indicetion
of the acceleration. :

An increacing velocity curve shows pesitive acceleration,
while a decreasing velocity indicates deceleration, with attendant
forces,

b.) Since a = v/t, -
a - tan 9 X velocity Etai;/i;,time scale X 1073

As in the previous example, where in the velocity scale
1" = 10 fps &and in the time scale, 1 msec. = .261 in. This cauld
also be stated as 1" » 3.83 ms, so that the inverse time function
wonld be used in the above formula. g - tan &' x 10
1/.261 % 10 3

t. @ = 2610 tan-pd

Therefore the tangent of the cbserved angle X 2610 = the
acceleration at the point chserved.

The firing rate is easily calculated by measuring the horizontal
distance on the T-D curve from a peint on cne round to a similar
point on the succeeding round and applying the time scale.



This may.be done two ways:
' e.) meésurcd distancﬁ/ in/meec. = time
or b.) measured distance X msee./in g time;
depending upen how the time sczle is factored,
In the examplé noted, "X"/.261 ¢ cyclic time.

Rete of fire = _°0 (in xpm)
cyclicitime

Working from layouts, the. positions of key events should be
marked on the T-D curves; notsbly the positicn where the operating
rod picks up the bolt, or where the accelerator works, or where
the feed gystem operates, FKnowing the mazses involved, then
energy used for esch functign may be detexmired, This can be
compared with energy required to do the work, such zs feeding, etc.

! As an example, the following deta iz taken from a study in
recoll operated weapona des¢ribed in Chinn's Vol., IV of "The
Machine Gun" pg. 112, Here: Time-~Travel end Time-Veloclty Curzves
of 2 Barrel -~ Accelerator - Bolt function are illustrated,

With the given velocities, Energy values sre determined
by the formula E = WV~
E-g

Accordingly, the following was determined:

Bolt, 5 1b. . Bexrel, 45 1b,
At Unlocking 18 £§E s 25,2 ft. = Ib. 18 £pa., = 226 ft. - 1b.
Stert of Acc. 38 fpa £ 112, £t.'- 1b, |17 €ps. = 202 ft. - 1b,
End of Act. 60 fps = 280 fr. - 1b. | 7 fpe. = 34 ft. - 1Ib,

Thus, the bolt galped 168 ft. - 1b. energy while the bazzel
lost 168 f£t.-1b. duxing the period of acceleration.

Actually, there would be other losses that wexe not shown here,
guch as friction, eta.

The bolt enexgy gein between unlocking and @

taxt of scceleration
is intererting, end i3 azcribed to the effect of blowback ection,

Trensieting this theory to the chamber fozges, we have the
followirg relaticonship:
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Civen an increase in bolt energy of from 25 to 112 ft, 1b. =
87 ft.-1b. ' '

1 -2EW = 870 = 26.4
g 32,2

:. Added Impulee = 5.2 lb.=-sec.
time = .002 sec.

For the 20mm Eartridga, the case dia. (inside) z .9,
Area = ,635 in. Residual pressure = F/A = 2600/.635 = 4100 pzi.
As an average pressure, this is reasonsble; since the pressure at
the muzzle exit is given as 5000 psi.

In eummation, the energy calculated for the moving parts should
be reasonably traced back to the interior ballistic dats for eilther
the chamber and/cr gas cylinder.

Analysis of a Recoll-Operated Machine Gun

As & typical example of weapon analysis; consider a 40mm
gshort recoil operated machine gun under development which, in
recent firing tests at APG, displayed an undesirably high stoppage
rate. This weapon is designed so that in its cycle of operations,
all of the required moticns are in series, énd depend upon mechanicel
"gipnals" at the completion of one phase to initizste the follow~
ing phage in the cycle. Thile principle was employad to coptimize
reliability, since the reguired rate of fire was low enocugh %o
facilitate thie approach, Thst is, the weapon cycle 'would not
require two separate mechanisms to function simultanecusly.

This is particularly desirasble in the feed mechanism,

The analysis will correlate the cartridge impulse with the
recoil snd counter-receil impulse of the bolt znd berrel aszenbly
This will determine whether the principal motlyva power i3 being
efficiently utilized in opersting the weszpon. In studying 2 time
displacement dlagram, a gtudy of beolt and barrel velocity and
encrgy dlzgrams will reveal any inefficlencies in the disgtribution
ef energy during the weszpon cycle.’

The cartridge impulse is 13,1 lb.-sec. This is taken from
the formula I ¢ w V, where projectile weight is ,532 1b., and
veloclety averages 790 fpas. Gas impulse is negllizible, since the
powder charge is smzll, end a high/low pressure system is used.
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Physical data tasken fyom the weapom {8 as follows:

Farrel assembiy welght: 507 1ibs,
Teed can S8 2
Rolt assemnbly 6,90

Teed clide assembly 1510

»

Combined bolt and barrel weight in counter-reccll (with
linked round) is 13.50 1b., and in recoil (with linked cuse)
is 13,03 1b,

Accordingly, ‘the impulses were compsred. Counter-recoil
impulee is 2.9 lb.-gec. and recoil impulse 1s°10.3 1b,-sec. for
a total of 13.2 1b.-aec. which Is in asgreement with the cartridge
impulse of 13.1 1lb.-sec. Velocities were determined from avezsging
a series of time displacement curves as shown. C'recoil velocity
is 7.0 fps, while recoil velocity is 25,48 fps,

The data from these T-D cuzves wazs found to be quite regular
from shot to shot, gnd i3 as follows: (V) to Vg indicates velo-
citles &t principal locations in the cycle) (shows below)

One time disPﬂacement curve was analyzaed in detall end
segmented into 52 increments to show displacsment, veloedity, and
remaining enevgy foér the full bolt-barvel traverse.

_ the cnergy lass where the bolt picks up the barrel during
counter-recoll traverse is cbvious, and indicates inefficiency
in the relaticnship between barrel unlatching and bolt locking,

Schemztic of T-D Curve

The veloclizlas &nd tloes noted are as follows:

o =i t e

5 i gear releese

Maximum veloslGy

Sudden velosiby Loz

Rezumption of velocity level

Approzching firing

Bolt approsching harrel plckup

Rolt approszching sear line ,

te'y = time frem sezr releage to firing

t receil - time from firing to belt hooksup on sear

t feed = feed tims, reken 223 38 msec if not available on T=D

" purve, =0 that a8 compsreble eyclic rate can ba detevmined.

-
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Curve VI v2 v3 V4 va N5 telr tozec RATE
#4 26.3 18.5 21.8 i | 16,1 6£.07 83.6 5747 335
fps ips fps fpe fps fps ma & T pu
#5 2¢4,.9 18.5  21.9 7.5 114 751 80 55 347
#6 was & 5 round burst as follows:
Ga 26, 18.7  22.6 € 7 8.1 105 50
_ i ; T T =
6b 25.7 13.5 22.6 Tk 105 9.9 82 L=
T 350
! / 2
6c 25.7 19, 22.6 ¥.5 10,8 10.3 85 L7
. T~ 1
30
6d 25.7 18.7  22.4 7.2 o 10.7 85 W=
""-..\ .
. 360
6e 26 19 22.4 7.3  10.7 11,2 83 L6
#3 26.5 17.4  21.5 | 10.5 6.6 85 62 325
g2 25.1 17.6 21 6.7 irdistingsisheble
#1 .23.9 6.5 L
Avg.  25.5 18.4  22.1 7.0 10,1 8.8 362
fi ) SR ...'.l :i_‘.' E1e

213 stroke,

paubioeubad Led L i ite o

The sharp veloeity and enexgy fluctuations at peilnts 31land
32 yhere the feed cam iz khifting from a 28% glopa to a L3=1/2%

‘glope are most irregular,

The rapid energy decline at points 41 end 42 indicate binding
of the bolt in the receiver during recoil.

Feed spring loads were taken as well az feed cocking cem
measurements end the feed lever crank rztio. .The feed springs
heve an essembled load of 16 1b. and a rate of 12 1b./inch for
each of the two springs. The cam hsa a duzl camming siope of 28°
for 1/3 of its stroke, then a slope of 43-1/2% for the remeining
The feed lever has a cem arm of 2.2 inches and a
feed slide srm of 4.3 inches for a2 ratio of 1,95.

During recoil, the feed mechznism ia ‘cocked by the above
cam and arm.
until the bol: 43 fully opsned.
slide to begin feeding, The bolt remains
siide completes its stzcke, then the fead g
te begin 1%z chawbering and firing stroke (in

The bolt then signzls the feed
ned until the feozd
de signals the bolt

countersrecasll).,
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Timsedizplacement recovds show that the bolt bounces zfter it
signals the feed slide, Therefore, the cartridge iz nat properly
fed and a stoppage occurs,

The coefficient of ensrgy return by the bslt buffer is .60,
énd could be improved to .80 by uvse of @ hydraulic buffer. The
bolt bounce ls also zugmented by drive spring surge. This can
be alleviated by the vse of stranded wire drive springs.

A study of the fesd cam design 18 necessary baczuze of th
unusual behavior of the barrel velocity curve, cam pr'fil an
resgultant feed slide velocity dizgram,

. (0

The feed slide iz subjected to an unusuzlly high acceleration
at the point where the cam ¢hanges sglope. The velocity changes
from 25.5 fpe to 42.6 fps in .3 milllseconds. Thils results in
an acceleratien of 57,000 fpsﬁ s0 & high reaction load will cccusz.

F,ema g 1.1%57,000/g = 1950 ib.
F, = 1950 X 1.95 (lever erm ratic) = 3800 1b,

Azcordingly & simple modification of the cam path, to eli-
minzte the sudden chiange in zlope iz recommended,

Thie 1s & radius tengent to the initial 28° siape. While
this is not optimum, it freez the feed mechanism of the high
accaleration lozds,

A complete redesign of the cem 1s in order, and a cycloidal
cam is recommended, of the form; .

displacement Y =z h_ (0 =« 1/2 SIN 2 ¢)

: = .
The cycloidal cem hss ths lowest vibration, weszr, stress,

noise end shosk. The rezson for its excellent performance is

thet there 18 no sudden change in ecceleration at the intersection

of the dwell pericds and thz rise curve. 1t is also easy starting

and the side thruat of the trenslating follower is low.

A time dizplzcement dizgvapm of ectusl feed slide motion during.
cocking wes evelusted znd the exratic velecity diagram indicates
beuncing of the roller, and severe distortion of the feed glide .
arm, The pesk velocity is in the order of 52-54 frs. The grea
under the cuzve is 6.81 in. | while in the previcus dizgram the
area 18 6.86 inches. This indlcetes that rfe totel energy under
each curve iz similsr; therefofe confirming the mathematical

Prociess

In & further study of this feed system, it is noted that
the feed pawls engege the csrtyldze at 2 re1atlve1y high position
the angie of lcading to the cartridge center
he 1cad components r} = 89 F end ¥ _ = .44F
': +

inal guﬁ;,nagr tending to roll the certridge.
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The feed pawl should be pushing at a low point on the
periphery. This will result in lower operating energies of the
feed system, so that spring peak lozds can be reduced, cocking
loads modified to & move fzvorable level, and more normzl feed
forces.realized,

The ,45 inch engagement of feed pawl with cartridge should
be inc:eaaed te (.53 te .56) resulting in drive anglez of 217 to

18°
/—_-FE.E.D PAW L
—— N, o ' ’
: \ (AL S0 peenm i)
e e ==

-

a5 =P
R,V =

At the same time, the feed springs may be chsnged. This
feed system is limitcd in belt pull by the load aveileble at the
end of the strcke. Therefare, the pezk lozds 2t the beginning
of feeding may be reduced by using & spring of a lower rate.

In the present feecdezr, the springs have a load (at the end
of the feed stxcke) of 32 pﬂu'cs, but in belt pull firing tests,
can pull a load of only 13 pcunds. This indicates an eificiency
of only 40%, demanding the improvement in geometry noted .

above.,

The following spring is recomnmended, compcred with the present
spEing:

_Present - Recommended
OQutsida diameter «575 515 -
Wire diameter .080 070
Number of coils 43. 60.
Rate 1B/id.c . ‘. 12. 4.5
Assembly load, 1b. 16. 20.
Peak load, 1b. 51 33

The bolt lugs ghould be re-designed to eliminate the high
transverse load that iz causing the bolt body to crack. The
locking lug 12 an argled block that 1s pozitioned at an angle
18° to the horizontal, This cazuzes a vertical component of force
of 32% of the load teo act in the direction that previcus bolts
have cracked.



The sharp inside rail cormer should 2lso be eliminated by
a generous fillet. The sharp corner augments unnecessarily high
stress concentrat

The belt cam plate should have beoth sides of the cam path
perallel to each other, to prevent belt lock bounce during function.

Further, the lzst round sensor should be removed. This is
& device that holds the feed plide in a cocked position after
the last round in the belt of ammunition is fired ocut. This
device creates a safety hazard in that when one raises the cover,
his fingers may well be in the glide psth, and if the senscr is
inadvertently touched, the slide is released with devastating
results, This ig very likely to occcur during normsl servicing.
Functionally, the mechanisw. is not important.

Maximum recoil acceleration iz shown az an 86° 1lift angle
in the velocity diagram. This is equivalent to an acceleration
of 42,000 fps?.

Using F = m a, F = 13.03 X 42,000/g ¢ 17,000 1b. This agrees
with & chamber pressure of 10,000 pei, which develops a load of
20,000 1b. .

Duration of the acceleraticn peak is .41 ws.

Also, considering that thecretically, recoil velocity is
inversely proportional to bullet mass, we have:

W, V. = W.V

Vw =" 790 Epsp

Wp : 532 1b,

W, = 13.03 1b,

V. s .532 X 790/13.03 = 32.3 fps.

This should agree with the total turn-arcund velocity, which
is 7.0 in counter-recoil and 25.48 in reccil, for a total of
32.48 fps.

Therefore obzerved resuvlts are in agreement with the gerneral
theory.

A further study of the critical feed slide / sctuesting mass
reveals the following relationships:

a2, With 2 feed slide of 1.1 1b., the remscticn due to a
57,000 fps accelerstion 38 1.1 X 57,000/gX 1.95 =
3800 1b. (from item 8,)
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This is why the barrel mass does not have sufficlent force
to drive the feed slide efficiently, but rather causes a sharp

The comparable barrel force at the same point:

W
31
2 .

L S £ T

= 0 rr
LT ]

13.03 1b,

24.6 fps
23.0 fps
.3 msec.
5320 fps
e ma s 2160 1b.

2

loss of energy in the primary mass.

C.

The energy absorbed by the feeder during the period of

high acceleration:

v
E=7g (24,62 -23.0%) = 15.8 ft. = 1b.

Barrel stroke = .0079 ft. during this period

F = 15.8/.0079

2000 1b.

Energy transfer from barrel mass to feed slide (per

T=D curve)

t = ,00118 sec, (note increase from theoreticel .0003 time)

W

Egz2g dV s 1.1
- 64.4

Eg = 13,ft. 1b,

(532 - 45.32)

This agrees with the 15.8 ft.—lb. given up by the barrel.

An energy distribution chart was calculated fer the
This is

eleven milligecond time period after firing.

the critical portion of the cycle in which the area of

inefficiency predominated:

Energy Distribution for 11 msec after firing:

Mass Energy Diff S§lide Travel Slide Energy Spring Eg Diff
45 +450 i = = -
123 +78., 0 2.45 7 +2 45
143 +20, + a5 26, 159 +24.5

98 =45 AL 37.5 3.2 — +13.7
62 w36n =—— 1,55 46.0 6.3 —+11.6
70 +8 241 1225 10. =20,
81 Ry 2.44 9.8 12.5 =10,
88 +7. 2.62 353 13.8 =5.
S4 +6 . 2.8 L83 1543 1.
93 =1, 2.9 0 16.2 0
91 -2, -

Energy in ft. = lbv.

Travel in inches



The most significant relationships are:

At ms (4), 31% of mass energy is transferred to feed s?etEm

At ms (5), 32% transferred to feed system

At ms (6), 40% of slide energy ie trangferred to mass (bult & bsrrel)
Total energy relezged from mess to feed system = 49 ft. 1b.

Total energy absorbed by feed springs = 16.2 ft. 1b.

Efficiency = 33%

In conclusion; the weapén'appaars to be eensitive to the
following cembinations: '

(a) Feed spring load vs. sear epring load
(b) Drive epring locad ys. sear plate. spmﬁng load,
, (c) Bolt bounce time at sear vs, time for feed p:WIG to
engage round and start feed,
(d) Barrel unlpcking time ve. time for cam plates to
initiate boit locking,
(e) Gougling between fced lever roller and bolt, csausing
sharp energy losses,
(£) Alignment of corner of link with cartridge stop red.

/

These critical areas must be eliminated if the weapon is
to be suitable for service,

18. Summarizing the reccmmendations offered:

(a2.) Improve feed cocking cam contour

(b.) Feed pawls sghoeuld be lowered

(c.) Feed eprings should be changed to reduhe pesk load.

(d.) Use stranded wire for drive springs

(e.) Radius the corners of the feed arm roller

(£.) Improve bolt lock geometry

(g.) Hardecoat guildeways in aluminum receiver. (In the long
run, 2 steel yeceiver would be more favcrable)

(h.) Remcve last=round senscow ,

(i.) Relocate anti-surge pawl to s position nearer the bolt.

(j.) Finally, evéid sharp, re-entrant ccrners th*cugh the
weapon des gn. ;
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The Soviet AK-47 Assault Rifle

Brief Ristory of Sovliet Automatic Rifle Development

Prior to the Soviet activity in autcmatic rifle systems, the
standard bolt action rifle was the 7.62mm 1891 Mosin-Nagant, in
geveral rifle and carbine versions. Advances in automatic weapon
development led to the 6,5mm 1916 Federov, the 7.62mm Simonov Automatic
Rifle of 1936 and the 7.62mm Tokarev cemi~automatic rifle cf 1940.
The Tokarev is quite similar in principle to the Belgian FN rifle.

I
These weapons did not prove to be suitable for service, so
the bulk of infantry weapony in World War II featured the PPD and PPSh
series of sube=machine guns chambered for the Type P-7.62mm Pistol
Cartridge with a muzzle velocity of 1640 fps. Longer range firing
required extensive use of heavy machine guns,

Accordingly, since the effective range of the sub-machine guns
was limited, a family of weapons built around a more effective,
but lightweight, certridge was required. This led to the development
of the 7.62mm M&3 cartridge that apparently was a counter=part of
the 7.92 German Kurz (short) cartridge, The effective range is in
the order of 440 yards, Evidently, the trade-cff between '"firepower"
as a matter of number of rounds carried and "firepowexr!" as a matter of
effective range, was well considered, '

The submachine guns of World War 1I are no lenger used in the
Soviet armies, being replaced by the AK-47 types. A number of
gatellite armies still retain the sub-machine guns, of economic
nececaaity. '

As discussed previously, the following analysis ie only visuel,
as instrumented firing records were not available.

Apalysis of Sovict AK-47 Assault Rifle

The Soviet 7.62mm Model AXK-47 is a magazine fed, percussion fired,
gae operated, seml/full automatic weepon. In its gecmetry, it has a
slight drop=stozk, pistol grip, with the gas piston located above the
barrel, ramp-type open sights, with a battle vange setting of 300
meters, and a mid-height front sight.

The thirty-two round magazine curves foryard, to.suitcthe accumulated

taper of 32 rounds, and extends approximately 7.0 inches below tne
receiver.
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The selector lever also functions as & receiver dugt cover when
the selector is in the safe position, This provides good visual
reference for the shooter as well as "touch' reference at night-
time.

In general appesrance, with a ehort barrel and pistel grip,
it may be first considered as a subemzchine gun, but the 7.62mn
cartridge places it nearer the rifle clase.
|
Ifs principal characteristics, compared with the U.S. Ml4 rifle

are as follows:

Overall length

Barrel length 16.37 in. 22.0 dn.
Weight without magazine 8.4 1b, 8:2 1b.
Magazine weight 1.0 1b, o5 A
Magazine capacity 32 roundé 20 rounds
Fire type semi/full auto semi auto
(selector cpticnzal)

Bolt carrier dwell 35 in. 40 din,
Travel to end of unlock .68 in. 94 in.
Total bolF carrier travel 5.32 in,
Bolt rotation to unlock 35°
Ammunition Characterisitics:

M43 NATO

(AR 47) (M 14)
Caliber 7 .62om 7 .62mm

Round weight
Round length
Case length

Projectiﬁe weight

AK 47

SaearAnl

(no flash supp.)

253 grains
2,18 in,
1.52 in.
122 g;ains
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M_14

44 in.

(with flash supp.)

375 grains
208 i.“c
2,01 dae

150 grains



M43 NATO

LAK 47) M14)
Charge weight 25 grains 47 grains
Muzzle velccity 2329 fps 2800 fps
Effective range 440 yards 660 yards

There are five variations of the Soviet M43 cartridge (1)
Ball type with mild steel core, (2) Tracer type T-45, (3) Armor
piercing, incendiary, (4) Incendiery tracer, and (5) Blark,
with rosette style crimp,

_Additional AK=47 Technical Data;

Weight of reciprocating masses:

Bolt assembly g .198 1b,

Bolt carriex assembly .89 1b.

Drive spring assembly (.066/2) 033 1b,
Total . 1.221 1b,

Ratio of primary mass to

secondary nass: - 5.01/1

Firing Mechanism:

Firing pin weight : ‘ ©,0139 1b,
Hammer weight 101 1b,
Mass Ratio FL27i1.0
Gas System
Piston diameter ' 548 in.

Piston travel before bleed « 70 Hn,

Gas regulator: none required

Rate of Fire Approx. 600 shots/min.

e S
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The breech mechanism consists of a rotating beolt actuated by a
reciprocating bolt carrier. The bolt carrier rides in keyways in the
receiver. An internal cam is machined in the forward section of the
bolt carrier and rotates the bolt during the locking and unlocking
phases of the cycle. Two locking lugs are positioned at the front
of the bolt and are diametrically opposed. The lock cam lug is
mounted on the outside periphery of one of the beolt lugs; increasing
the moment arm for a favorable cam force leverage. This mechanism
is a further development cf the U.S. M1 rifle bolt mechanism.

Note the highly favorable mass ratio between bqlt carrier and bolt. (5/1)

Al slender cylindrical section of the bolt body is supported in
the bolt carrier. The belt 2lso contains a free-floating firing
pin an% an extremely simple cylindrical extractoxr.

A single drive spring, mounted in a telescoping guide rod, drives
the belt carrier assembly in counter-recoil. The guide rod base also
functions as a cover lstch; therefore the spring serves double
duty. Also,when the spring sszembly unit is removed, it remainsz as
an easily handled sub-assembly. The receiver housing may be
remcved and the wezapen function, for visuzl imspection of the
operating mechanism, may be studied.

The ges system is of the plain impingement system, with the
piston being an integral part of the bolt carrier. The piaton
end is concave, as is the end of the gas piston housing. This
provides an initial chamber volume. The upper handguard is
glso the pizton housing, with gas bleed holes incerporated in
the gas cylinder extensicn. A single gas orifice is used, with no
edjustment for power necessary. The gss piston i3 ribbed, for
rigidity, snd the operating rod is easily accessible for the bolt
cam cuts.

The receiver also functions as the firing mechanism housing
assembly. The firing mechanism i3 not a modular unit, as in the Ml rifle,
The firing mechanism has eleven parts, including three retaining pins,
The automatic sear spring has a single long arm that grosve-locks
these pins. Three sears are used in this mechanism with & double
claw hammer for the primary and secondzry sesrs, and 2 single
(haomer hut) notch for the automztic sear, actusted by the operating’
rod. The primary and secondary sears are identical to the M1 in
principle. When the hammer is in battery position, the safety can
be applied. This would cause a jam when sttempting to chirge the
weapon. However, the charging slot closure is a good visual indicator
that the safety is on. s,

The selector shaft controls the functiosning of the semi-automatic
sear and trigger.
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The front sight is a hooded post which can be adjusted by using
the combination tool in the tool kit, either by screwing up or down,
or moving left cor right. The rear sight is of the conventicnal
V-notch tangent leaf, the sight radius being approximately 15 inches.
The upper forearm is retained by a latch on the rear sgight. When
the upper forearm is removed, a latch for the lcwer forearm is
revealed. The lower forearm conceals a hiding pocket in the receiver.

The curved magazine tube is made of heavy gauge spot-welded
construction with critical areas, such as the feed lips and catches,
being machined. The magazine follower is a stamping, with a leng
skirt to control tipping, by its close fit with the inside wall of
the magazine.

The magezine contains a number of highly desirable design features.
The extremely rugged magazine lips are most favorable for extended
field use. The magazine folilower does not have to be critically
balanced between ammunition stack and follower spring. No matter
where one bears down on the follcower (the center, forward, or rearward
positions) the follower moves in the magazine tube smoothly. The
spring design, therefore can be simple cval coils, free of stress
concentrations, and free from binding along the magazine ribs,

The magazine follower design, together with the 5/1 mass
ratio between bolt carrier/bolt are the two reasons why this
weapon continues to fire in the field with old, corroded,
apparently unusable, ammunition.

A hole at the lower rear surface of the magazine tube is an
excellent visual indicator that the magazine is full, The user
merely adds rounds to the magzzine until the bottom round shows
up in the hole.

A three piece tool kit is mounted in the buttstock, with a spring-
biased pressure plate facilitating entry and removal. The kit contains
a cembination tcol, a bore brush, and a cleaning patch pred, or jag.
The combination tool provides a screw driver blade, a punch, and two
wrenches. The cleaning rod is stored under the barrel and through
the lower hand guard. The body of the tocl kit is a tool handle,
and the cap can be attached to the muzzle of the barrel as a guide
for the cleaning rod, and, presumably, as a blank firing attachment.

The cycle of operation is quite identical, in prinéiple, to the
M 14 rifle, except that a fixed ejector, integrzl to the receiver, is
used,

Weapon field stripping is accomplished without tools, by a

system of guide slots in the receiver, for the cperating rod, and
retaining latches for the upper and lower hand guards.

165

ks



s e

The barrel iz rifled with 4 lands and grocves, with a right hand
twist. The muzzle attachment nut is threaded left-hand. The gas
port is at an angle, which simplifies cleaning, No parts other than
the gas piston and upper forearm are removed for this bit of maintenance.
Training in weapon mzintenance is considered to be fairly simple.
While not convernient for bzycret fighting, the short weapon length
is handy for street 2nd house-to-house fizhting. The:'basic weapon
is also equipped witk a folding buttstock, for paratroop ard special

services.

Note that no flash suppressor is used, in .spite of the short
(16.3 in.) barrel; however the powder charge is low, being only
25 grains.

An estimate of production cost was made, and based on a quantity
of a 1ot of 2 million rifles, the weapon would cost approximately $60.00
without product engineering or final inspection services. Also, it was
estimated that approximately 550 machine operations are necessary, as
against 800 for the Ml4 rifle. The weapon i3 zlmost completely mede
from milled steel cemponents, with few stampings being made. This
is a reverzal of form, since most Werld War II Soviet weapons used
stampings en maszse., The receiver hzs relatively few complex milling
cuts, and an insert is used to cam the bolt into the barrel extension
at the start of the lecking rotaticn.

This weapcn i3 stendazd icsue not only in the Soviet Union,
but also in the satellite ccuntries of East Germany, Rumania,
Hungary (with modiffed handgusrd and plastic pistol grips) as
well 25 in Communist China, which designates their producticn
as 7.62mm type 56 azsault rifle. This is supplied to North
Vietnam also. The Czech azsault rifle is similar in outward
appearance, but is redesigned internally to a different mechanism.

In summary, the AK-47 weapon employs a compact, essentially
well-designed bolt mechanism, with the action suited to the short
7.62om cartridge, Gererally, this cartridge is considered in
Europe 2s the "mid-'30" cartridge, that is, of energy legels
mid-way betweer the U.S. Cal. .30 carbine and cal. .30 cartridges.
It is considered 23 2 further development of the German 7.92 mm
Rurz (short) cartridge., However, for machine guns, the Scviets still
retain their old 7.62mm rimmed full length cartridge (as well as in
gccuracy match rifles).

AKR-47 accuracy iz nearer rifle class than sub-machine gun
class, as should be expected. The average suomachine gun firing
single shots will przduce a group of from 12 to 18 inches diameter
asz 100 yards. The AX 47 will group in 6 inches at 100 yards.

In full actomztlc fire, tke weapon climbs rapidly, when firing
buzets of 5 or more rounds, therefore a good gripping position

on the forestock and sling i3 neceszary.
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The weapon fires from the closed bolt position for either
the semi automatic or full automatic cycles of operation. There
is no bolt-hold-open device to hold the action open after the
last round in the magazine is fired.

The AK-47 will eventually be replaced by the AKM, a modifi-
cation which is characterized principally by a sheet metal receiver,
rather than the milled receiver, as well as several other mincr

changes.
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- .VII Bibliography and Recommended Reading

Much of the material discussed in this manuscript is taken
from data developed at Springfield Armory. All of the material
is unclassified.

' Many of the chapters are augmented by supporting data taken

from several Ordnance libraries. A bibliography lists the books

used, together with an identifying subscript which correlates the
sources with the corresponding chapters of the manuscript.

l For additional data, on any of the topics listed, the volumes
noted should be used for reference, among others.

The designation "SA" indicates topics in which Springfield
Armory data was prominent. Certain chapters, notably on
"Firing Mechanism Design' and "Feeding' contain only SA data.
Much of this has not been documented previcusly, and is
knowledge acquired through "on-the-job-training'" at Springfield
Armory .
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VIII Courses of Study

In becoming knowledgeable as to Small Arms Ordnance principles
and practice, there are a number of sources of information available
to the design engineer. These include the following:

5 a, Hardware and Literature Survey
b. On-the-job training
c. Extension courses

The "hardware and literature survey'" includes both museum

and library facilities and will familiarize the engineer with

| many of the facets of ordnance engineering conducted in the

' past. Much engineering has been dene in the past that was not :
successfully concluded because of producticn limitations, metallurgical
limitations, and other requirements that would not pose a barrier today.
The physical principles employed are the important elements, rather
than the outward appearance.

On-the-job-training is highly specialized and time-consuming
trainipng process. The more knowlegeable an engineer is about prior
art, the less likely he is wvulnerable to making a false start.
However, he should not be limited to prior art, as quite often a
becld new approach will result in marked improvements in performance.
Proper supervision in "on~-the-job-training'' stabilizes the engineer
and the program.

Extension courses are most valuable in augmenting both prior
art studies and on-the-jcb-training. These are available to
engineering personnel and usually are free of charge. The Ordnance
School conducts a wide variety of these coursesy the ones of
principle interest are as follows:

Credit Hours

ORD 4 = Fundamentals of Ballistics 16
ORD 411 (61) Machine Guns 19
ORD 413 (63) Hznd & Shoulder Weapons 14
ORD 508 (111) Research & Development 10
ORD 601 Weapons Familiarization =)
ORD 605 (60) Principles of Small Arms 13
ORD 606 (69) Armament Principles 12
ORD 713 Aircraft Armament Subsystems 2
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Personnel may apply for these, and other, courses by filing a DA
Form #145, and in block #7 address:

Commanding Officer

Rock Island Arsenal

Rock Island, Illinois 61201
ATTN: SWERI-PTT-2430

or through the training branch of any other appropriate installation.
Other courses of interest include those in an engineering
curriculum such as: Strength of Materials, Kinematics, Dynamics,

Metallurgy, etc. with ""Strength of Materials' considered as the
most important one by this writer.
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