Typical Factors of Safety in Small Arms Design

the determinstion of allowable stresses for small arms compenents
is quite importént in thet small arms design demsnds 2 ninimun of
weight and volume commensurate with the work being done by the weapon
mechaniem., The factor of gsafety is generally an educated guess and is
baged upon the endurance 1ife of the subject weapon. It should take
{nto account the non-unifermity of the meterial and its beat treatment,
ineide corners of various degrees &s strese raisers, tool mexks,
grain direction, and a myriad cof othexr factors.

1f the allowable stresses selected in design are too high, the
service life of the component is compromised, whereas if it is too
low, a penalty is paid in excess weight, particularly for an infantry
weapon .

One comparative design area that may be used for study purposes
{8 the bolt locking lug design, This erea is usually highly strezsed,
since the bolt lug size s preferably kept to a minimum,.. %his ie
because, for rotary and tilting bolts, if the rotation to lock/unlock
is pininized, the cam profilé will be reduced, and bolt carrier A5
bulk minimized, The-locking lug height is minimized, as this deter-
mines the size of the recelver or locking ring. As a result,
allowable stresses are as high as any ather cempenent. in a weapon;
with the possible exception of the barrel, which has edditionzl
gtregeer due to tempernature, vibration, externzl loads, etc.
Therefore, locking lug design practice is more representative of a
emall arms design structure than barrel desigr.

~ Accordingly, max imum stresses end resultant factors of safety
for three bolt ivg designs &axe compared.

Thece include:

(g) 7.62om MEO Mzchine Gun
(b) 7.62om M14 Rifle
(¢) Cel. .30 M1 Carbine

The moximun firing force is assumed to be the maximum service
pressure, pultiplied by the maximum inside area of the cartridge
case, since the wall of the case does not transmit bearing forces.-
(Except in the instance in which the case ruptures from excessive
headspace) .

Stresses calculated are typically shear, pressute, and bending.

The ehear and bending stresses are ¢hen combined into a comparable
molfi-axial atress, according to the Hencke=-Von Mises theory.
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According to this theory, when there ie¢ a two axlal stress
coneisting of a normal stress and a tangential (shear) stress the
equivalent stress 1s:

se? = 82 4+ 3¢2 § = BEARING
fC; SIiEAR

The equivalent stress must be smaller than the allowsble stress
{in tensicn, Therefore, the maximum shear stress is equal to .57
of the allowable stresz in tension. (as a maximum)

It is recomuended that the sotual shear stress is 1.5 times
the calesulated average shear stress, because in bending, the
ghear is not distributed evenly over the cross section. Summae
rizing, then,

1.5 T == .57 S (ALLOWABLE)
ox ft: P .38 § (ALLOVWABLE)

p——

As for the bending streas on the locking luge, it is assumed
that the breech thrust force is uniformly distributed, so that -~
the lever zrm of the bending moment {s taken as half of the height
of the locking ‘lugs. )

Under these assumptions, the folleowing values were determined:

. _60/1Lh _CARBINE

Service Pressure 50,000 psi 34,200 psi

Cartridge I. D. 41 in ) .31 in

Force 6,600 1. . 2,600 1b.

Resultant streases areg o

CAREINE
M60 , M14 ~ Left Lug - Right Iu

Shear stress 2,700 31,000 17,500 17,000
Bearing stress 70,000 64,000 90,000 22,000
Bending stiess 7,800 50,000 10,000 40,000
Combined stress 23,400 73,400 21,000 50,000

The safety factor is a ratio of the dynamic yield stress to
the above stresses. The dynamic yield stress is assumed to be
equal to the static tenzile etrength of the material,

The static tensile strength is:

‘gt TENSIIE » 168,000 pai for MO0 & Ml4
'g' TENSIIE = 172,00 psi for Caxbine
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safety factors resulting:

M60 M14 CARBINE
Shear B 2.2 3.9/4.0
Bearing 2.4 2.6 1.9/7.8
Bending 21.4 3.4 17.2/4.3
Combined 7.3 2.3 8.2/3.4

Therefore, as a guideline, the preliminaxy average factors of
safety for design is reconmended as follows:

Shear 3.0% Minimum
Bearing 24D Minimum
Bending 4.0 Minimum
combined 35 Minimum

%Shear stress safety factor £ .38 static tensile strength

Stresses in Barrels

. Much of the smell arms barrel strength is designed to resist
external forces, such as baycnet thrust loads, pull from sling,
grenade launchers end cther muzzle attachments, parachute drop, and
other adverse oxr abusive forces. ' '

An excellent srrangement of standard formulae on this subject
is given in Pamphlet AMCP~706-252 "Gun Tubes"

However, additicnal confirmatory data is cbtained experimentally,
and strain gages are applied to the outside dismeter of the barrel
in order to measure actual loads (strains) imposed during firing.

The internal pressure in teims of the strains measured at the
outside diameter is given by the following formula:

pi = 1/2 EEc (w?-1)
E = Young's Modulus (30 x 106 for steel)

£c

W

1t

Strain in/in measured at 0.D.

ratio of 0. D.-to I.D.

For a simple compzrative value, the following formula for the

maximum tangential strese, which occurs at the inmner wall, is frequently

useful:
wz.tﬂl_

6tp': P we-1

w = the wall ratic, Do/Di
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As a gencral rule of thumb, for rifles, the barrel thickness over
the chamber should be at least 2/3 of the dia., Di, mezsured at
the midpoint of the cortridge body.

For 7.62mm NATO: dia - 465,

then th., = .310

0. D. = 1.085

w = 1.085/.465 z 2.34
we = 5,45

Ueing a proof pressure of 65,000 psi, the resulting max Limumn
tangential stress at that point in the barrel is approximately:
Gtp = 65,000 X 6.45/4.45 = 94,000 psi

For machine guns, where temperature stresses are a factor,
the wall thickness should be increased so that the makimum
tengential stress is in the order of 80,000 psi. Another
useful formula is that : : -

for thin walled cylinders: (t L1/10 D)
hoop stress =z pr/t

axial stress = pr/2t

Stress on Bolt Locking Lugs

In a2 rifle design, the bolt lugs axe usually highly stressed,
as noted in.the previous chapter on "Factors of Safety".

The Cal. .30 Ml rifie is used as an example, since, as a rotary
bolt with front locking lugs, it typifies most of the modern military
rifles. .

Several methods may be used to determine the load developed .
aginst the bolt face during firing.

The first shown is in knowing the shape of the pressure-time and
pressure~travel interior ballistic curves and equating impulse to
momentun, 5o that

Ft g oV

In firing & 150 graiﬁ bullet with 50 grains of propellant, and a
muzzle velocity of 2700 ft./second.

The peak pressure is 50,000 psi, and acts for .2 msec. before
a projectile travel of 1.5 inches with a velocity of 1200 fps

cauzez a decrease of pressure in typical hyperbolic fashion.
For this pericd of prcjectile acceleration, F s ma 7 m V
t
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F -7000K32.2X.0002 - 4000 1b.

This is the thrust load acting on the p:ojectilé at the time of peak
acceleration. :

Compare this with the projected peak pressure, acting on the
bore diameter and the cartridge case.

F - SA = 50,000 Xylh .3082 = 3750 1b.,, which compsres with the force
“of 4000 1b. :

Inside the cartridge case, the inner dia is approx. 410", therefore

F = 50,000 X77/4 .41% z 6,600 1b.

This may be taken 2s the peak thrust agsinst the bolt face. The
bolt thrust forces are developed by the peak pressure acting across
the inner case dia, not the chamber dia. In the event of a case
rupture, then the pressure does act across the chamber dia, increasing
the bolt thrust considerably. The difference between projectile and
bolt thrust is the force acting against the apnulzr case neck,
obturating the gases, In this case it is approximately 2850 1b. and
acts to stretch the certridge case in the cheamber, requiring
headspace control. This will be discussed in detail in the chapter
on Feadspace., It should be noted that any looseness in headspace
will increase the impact effect of the case and bolt against the
locking lugs. :

In calculating the stress on locking lugs, four stresses are
considered:

(1) Bearing

(2) Sheser

(3 45° shenr

(4) Bencing

(5) Combination of ebove 4 stresses
Using the .30 csl, Ml exanple, the bearing surfaces are approximately
081 4in.? which results in & direct bearing stress of 5,500 1b./.081,
of 68,000 psi. Apply & fsctor of 1.35 as an.impact load factor, due
to the nature of dynamic lozding, resulting in a strees of 92,000 pei.

Now the direct shear srea should be approximately at least twice

as long s the direct beazring height, This will provide, in this
{nstence, & shear stress of 46,000 psi, and provide a lug that will
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be essentially free of high bending stresses in the axial direction.
In the actual M1, the lug ie longer than necessary; therefore the
shear stress is lower. (31,000 psi) Eending stresses in the radial
direction are more complex, and formulae may be found in Roark's
wpormulae for Stress and Strain'.

rhe 45° shesr stress is known as Lueder's slip lines, and is a
plane 45° to the bearing surface. This is the plane of meximum
shear stress. In this example, the shear stress from this scurce
is 92000/~ 2 or 65,000 pei. . :

The radiel (inward) berding stress depends upon the construction
of the bolt body. Hollow gshell type bolts, may suffer high stresses
in this respect, but & faizly solid bolt head, @s in the M1, is
rugged in this respect.

1t cannct be sveremphasized that sharp inside corners, parti-
cularly on the stkessed corner where the locking lug is developed,
chould be avoided since & sharp {nside cocner is the beginning of a
crack. On some bolts considerable inletting of grooves are -
specificially meshined in order to aveid the presence of a shaxp
corner. This is done on the M60 bolt, for example.

Note that in the Ml bolt structure the locking lugs are pcsitioned
high with respect to the iateral centerline. This results in a
definite longitudinal torque to the entire bolt body, thus positively
defining the stress path for each shot. That is, on each round,
the upper surface of the bolt bady is in tension, the lower surface in
compression. This gecmetxy is necessary, so that the feed lips may
be raised to a favorable position for feeding. ;

One ccmmon formula fou combined gztrees 1g:
» 2. )
Mex. Sp = Y (1/2 8)7 + §&% = 79,000 pei

Sp = Max sheer etress

S = Bearing Stress : €8,000 X 1.35 = 92,000 psi
Sg = 65,000 psi z Shear Stress at 45¢

The principal stress, then is

sl . 1/2 s 9 (172 8)% + se2 = 125,000 pst

This ie why points of stress concentration should be avoided,
as a plague. DNote also that the pesk lozding time of .2 milliseconds
develops a safety factcr, since the bolt lugs undoubtedly zezct to
a lower aversge load.



Powever, the 125,000 psi combined etress value is a good
reference point since the yield strength of this material is in
the order of 160,000 pai.

There zie a number of methods by which a bolt lecck may function.
This includes rotary bolts, tilting bolts or locks, propped locks;
wedge locke, ad infinitum. However, each good lecking system should
have a number of distinct characteristice that enable it to functicn
efficiently with the high pressure characterictics of the czrtridge
case., The most prominent mechanical design feature is that commonly
referred to as ''primary extraction" or "initial extraction".

jt ie that characteristic in design that ensbles the
cartridge to slip rearward only several thousandths of an
inch in the chamber prior to unlocking end full extraction, In
this way, the cartridge cage is pried away from ite sealed-in
poeition in the chamber, and some semblance of an acceleration
to the cartridge is epplied. At this time of initial extraction
the chember pressure is st111 in the order of 700 - 1000 psi, therefore,
the cartridge case is still in & cendition of stress, particularly
at & point just to the rear ‘of the szhoulder, where the wall thickness
is mear a minimum. This is 'where case etretching occurs, and will
be discussed in further detail in the chapter on "headspace',
[

Eowever, the bolt locking lugs, the subject of this topic,
should provide initial extréoticn becausze, for rotary bolts, the
lug bearing surface is mechined st a helix angle in the order of 4
Angles larger than 40 are not cecommended, as the bolt lugs will
not be self-locking, but will tend to transmit a rotary pulse
upon firing, therefore bettering the locking cam and/or stud.

This helix angle not only cams the cartridge into the chamber but
also helps back cut the cartridge case, unsesting it from the
chamber walls preparatory to the formel extraction stroke and thie
distence is equal to the erc length rotated by the base of the locking
lug times the gégégggmggugi. Thevefore, rotery bolts with laxge

numbera of small lugs are 1im ted in this extraction distance
because of the smzll angle cr rotaticn.

o

As & simple experiment in cbzerving the self«locking stability
of & bolt, merely assemble the bolt into the locked position with-
out the operating red or bolt carrier, end with the gun held
vertically, muzzle upward. Carefully drop a long, brass rod down the
bore, so that it will impact sharply on the bolt face. While the
bolt will prance up and down, 1f the locking surfaces are self
locking, the bolt will nct xotate and fall cut. Repeat this
several times, particularly if the bolt creeps in rotation. Bolts
that tilt, as the cal, .50 M8 Spotting Rifle and the 7.62mm FN
rifle, or have tilting lecks, &s the B A R, &lso exhibit primary
extraction. - As the bolt locking surface rides up the locking
abutment during unlecking, it will bte obeerved that the bolt face
moves rearwardly @ proportionately amall distance. The same is true
of the Browning Machine Guns, in which the locking face is not
vertical, but inclined resrwardly approximately 3¢ - 47,
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The M73 machine gun has & cross-sliding bolt that moves,.not
perpendicular to the bore, but at a receding angle of 4%, Again this
cams the cartridge into the chamber, during feeding, snd pries the
gpent csse out during initial extraction.

The cam driven, externally powered weapons, such &s the M61,
M75, M129, and ¥M140 have this primary extraction feature built
in to a marked degree because of the low slope of the imitial
opening phase of the cam.

In addition, it may be noted that most of the modern military
and commercial weapons employ front locking lugs on the bolt.
This ghortens the amount of breech deflection at the instant of
peak pressure, thereby improving headspace control.

A practical note may be zdded here in that the bolt
ghould have an adequate imp&ct surfzce against the bsrrel or breech
face when the opereting rod is relezsed without ammunition being
fed, that is, an empty weapon. This impacting will oscur
frequently, therefore adequate bearing surface chould be provided -,
in order to prevent peening o jamming. '

Firing Mechanism Design

The starting point for designing the elements of a firing
pechanism is & consideration of the primer sensitivity, or the
energy required to fire 100% of the primers 100% of the time. A
large number of misfires will result if the striker blow is less
than the maximum of the drop test gpecification for that primer .
For exemple, in testing primers, & sampling of .05% is taken
(one in 2000) so that, ctztietically, if cne primer of 1000 gamples
misfired at the high dwop level, the chances ere about one in five
of obtaining misfires a2t this energy level of a group of 200
primers teken from this lot.

Inspection methods are uwsually required to insure that a given
emall arme weapon has adequate striker energy delivered to the
firing pin. This mey be dome by the firing pin indenting a standard
copper crusher gage whan struck., A test fixture is deeigned in
which the primer is replsced by a copper cylinder,

Coordination is required betwzén emmunition and weapon
designers as to the acceptéd level of primer indent energy required
for each system, Then, the striker, or firing mechanism energy is
designed for twice (oz 1.5 &8 a minimum) the specified "all must
fire" primer strike energy.

0
-l



The following standard primer drop test specifications are
summay ized:

1b.
1b.

lbl

CALIBER - WGT, OF BALL HEIGHT AT WAICH ENERGY

- ALL MUST FIRE
.30 Rifle ; 4 0% 15. in, e S B
.30 Carbine | 2 oz. 18. in, 2.251n.
45 Cal. 2 oz, =16, in. 2.0 in.
.50 Cal. 8 oz. 17. in. 8.5 in.

An indent test of various weapons (using coppexr pressuxre cylinders)
was performed, and could be made part of an automatic buxst, since the
instrumented cartridge case could be loaded in a clip ov belt.

A. Correlation with drop test (4 oz.)

DROP HEIGHT . INDENT
9" "~ ,013 in.
12" .015 in.
15% (ALl fiée 8pec.) <017 in.

B, Rifles

M1903 _ 020 in.
- M1917 ' .017 in.
M1 016 in.
BAR - firet shot 014 in.
slow automatic 016 in,
f£ull automatic ,013 in.,

C. Machine Guns

M1917 - first shot SO 65 v

full auto 023 in.
M2 AC - first shot 017
full auto .020 in.
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41918 A4 first ghot .018 in.
full suteo .021

Therefore, a number of wezpons appear to be merginzlly clese to
the 15" drop specification.

To better understand primer test procedure the following is
repeated from a specification for the M42 (Fuze) primer, im which
the drop-weight is & steel ball weighing 1.94 % .02 ounces.

Procedure of Test

. prop test 50 primers at 8 inches. Then drop test 50 more
primers at 9 inches, at 10 inches, etc., until a height is reached
at which all the semple of 50 fire. If the test is rum to 13 inches
and misfires still cccur, reject the lot. Then for all other lots,

test 50 primers at 7 ipches, 6 inches, etc. until a height has

been reached at which none of the gamples fire. If the test is

run to 2", and fires still cccur, reject the lot, The test procedure
_is terminated as'scon as & height at which none fire has been
yeached" : ' :

when the striker, firing pin, ©F hammer hits the pzimez, the
primer pellet is compreseed batween the envil and the firing pin
tip. This blow must be gharp, so that the firing pin energy
will not be dissipated, causing misfires. The fiving pin tip should
not be too large in diameter ox the resulting pressure force will
shear the primex cup into the firing pin recess, elther plugging
the hole or severely ercding the breech face by high pressure gas
leakage. :

The primer strike is one end -of the firing mechanism, while
the other end, which starts the traln of eventes is the trigger
pull., Here is vhere a firing mechenlem is €o unigue with respect
to all other mechanisms 2nd davices. The trigger pull must be &
gmooth, cavefully gauged motion, or "feel". TFrigger pull 1s in the
order of 8 1b. * 2 1b, and tha trigger pull is usuzlly tzken in
two phases, a slack, end a squeeze, The mechanicel motion must be
gmooth, and not gritty, BO that the marksman does not know when
the hammer is releazed. 1€ he did know, he would fiinch, quite
{nvoluntary, and thus miss his shot, 1I1f, at eny time duxing the
trigger pull, the ehooter changea hiz mind &nd decldes not to
shoot, the lirkages ghould veturn.to their starting position,
and not be "hung up' partwsy along the sear surfaces, '
cnstratl
e; Thall

stures, e well as all of the required
eny typleal firing mechaniem.

For purposes of d ¢a, the Ml4 firing mechkanism,
derived from the M1 Ri
if centsins many idesl

elements and characteristics O

em
£1 )
festure

1
3
&
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Qutwardly, it is compact, modular, rugged, foolpreoi in assembly,
contains few components, and is accessible for cleaning and inspection.
It contisns one coil spring and one formed wire spring; and LWO Cross
pins, both of which are arrested from cross moticn during firing, by

the recelver.

The safety lever is jideal, in that its pesitien is instantly
recognized by sight or feel, Further, once the safety is appiied,
it is not essily unsafed by accident. The trigger finger eafes"

..or "unsgafes' the weapon, minimizing motion of the shooter 's hand ox
arm.

The components, or elements, required in a typical firing
mechanism, and as contained in the M14 firing mechanism, &re as
follows:

1. Housing - This is the form of a three-walled box-type
structure, and is highly rigid, supporting the lower receiver bridge
and magzzine housing. In conjunction with the trigger guard, it
clamps the stock tightly to the receiver. This is important, in

that it eliminates looseness in the housing, recelver, and stock groups.

9, Tripgper Guard - Made of sheet metal, it cam-locks. the housing
to the receiver, clamping the stock up tightly. It is formed s0 &s
to be spring-tight in tha latched pozition, with & bullet tip hole
provided for use with tight samples. As the trigger guard is swung
oper, the hammer is automatically cocked.

3, Trigger - Simple, rugged, and comfortzble to the fingsr,
The spring moment-axrm ig extremely short, in ‘ozder to veduce loads
to an acceptable level. After hammer relezse, finger fellows
through moticn is short and cemfortable,

4. Primery Seer - In the M14 mechanism, this is integral with
the trigger. In mzny other mechenisms, it is the compenent that
the trigger moves to release the hammer. The hammer “claw",
fhook" or "motch" must work at a slight pulling angle when the
primsry sear is in motion., In this way, the hammer/sear will
not elip or creep due to vibration, but kinematically is gelf~

holding.

5., Secondary Sear - This 18 the compenent that engages the hammer
dyring the cycle of operstions after firing while the trigger.ds .o
still pulled. . The zécondary sezr should holdithe hapmer in a lower .
pozition, then, the primary sear. When pressure on the trigger is '
relaxed, contrel of the hammer then passes from the secondary sear
to the primary sesr. During trigger pull, the primary sesar
moves partway from the hammez clzw in the "slack'' phase. Then the
back of the hemmer claw bears againat the secondary sesr for
{inereazed pressure in the "gqueeze' phaze, An extencsien on the

"gide of the secondzry sear provides a bearing gurfane for the sear
releasze, in full sutematic fire.
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6. Sear Release - Mounted on receiver, in the M14 rifle,
In avtomatic fire, this component functicns to release the hammer
upon the timely traverse of the operating red. That is, the

bammer is held until the bolt has been closed and positively locked

by the operating rcd,

7. Connector = Mounted on receiver., In automatic fire, this
component is eotuzted by the opesating vod to rotate the sear release,
firing the weapon. The timing of release is & function of cperating
rod position. (Bolt is locked, bounce under control)

8. Safety - The safety locks the hammer and blocks the trigger.
1t cannot be engaged unless the hammer 1is cocked, This is important,
as a firing mechanism cen be broken otherwige. That is, f a
safety mechanism ig first engaged, then the hammer cocked, then
the cocking motion would cavse the hammer to interfere with the
safety. As the safety engages the hammer, it cams the hammer
lower than the primary or secondary geer, This is necessary for
tolerancing purposes so that, when the safety is released, the
primary sear will always be in position to re-engage the hzmnerx.

9., Hammer - In thig mechanism, the hammer can be repeatedly.
released in "dry firing" without breakage. The striking face is
accompenied by &n extension that engages the base of the bolt,
camming it clozed so that the weapon cannot fire in an unlocked
position. This ie important. The left gide of the hammer alsoc
contains &n integrel stop lug, o that the hammer is positively
stopped during inertia travel, preventing breskage of parts. (cocking)
Note that the positicn of the hemmer claws is far removed from the
hammer pivot point, thereby minimizing loads on the hardened
gripping surfaces, thus reduveing chipping, galling, and gritty
trigger pull. .

Note that the point of application of the hemmer spring is such
that the maximum spring leverage is applied when the hammer is
striking the firing pin. That is, &3 the hammer rotates to & cocked
pogition, the lever erm ratates to a lesser value, thus reducing
cocking forces. : ;

The hammer encrgy mey be taken directly as the spring eneTgy,-
or FXS; that is, mean gpring force times gpring stroke,

Tima for hemmer fell or firing pin strike is given by the
formula: .

g - travel (c.g.)
205 g » 32.16
t = gf F = avg. spring force
W = Wgt. striker + 1/2 spring



1f at all possible, a rotating hammer should strike the firing
pin at the center of percussion of the hammer, This is the theroe-
tical point through which the line of:action passes of the zesultant
of all forces acting on the body. It is given by the formuls:

/f = Jm/xch

distance (ft) from axis of rotation to center of pexrcussion

where

).

Jm

zR

mags moment of inertia (1b./g «'ftz)

m = mass (1b./g)

distance (ft) between axis of rotaticn to center of gravity

g -

Xo

The center of percussion is correctly developed by re-distrib-
uting hammer mass.

10. Hammer Plunger - & headed pin that bears against the
hammer notch. :

11, Hammer Spring - a plain coil spring. Spring design
will be discussed in detail in the chapter on "'Spring Design'.

12. Safety Spring - a formed wire spring that firmly latches the
gafety in either the safe or fire position. Note that the bottom
leg of this wire form, in the M1 Rifle, also functicned as the clip
ejector spring. ! ;

13. Houeing, Spring ~ This component is simple in appearance
but performs & delicate function, that of directing the spring force
on the tips of the secondary sear bite: Losking back at the trigger
assembly, a force on these bits produces a short counter~clockwise
moment on the trigger, and a clockwise moment on the secondary Scar.

To ensure that the bits engage properly for each assembly,
the housing is slotted on one side, 0 as to fit around the safety,
thus preventing reversed assembly. Note the two sm2il holes that
provide seate for the sear bits. )

In summarizing the Ml4 firing mechanlem, it is dis-assembled
only with the bullet tip, and re-assembled without any tools. It
permits dirt, sand, etc., to work:through the mechanism without
any inside pockets for same to collect in it.
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Note that the positicn and engagement engies between the hammern
claw and sear surfaces is a delicate balance between & self locking
grip znd trigger pull, The alignment plene of the sear and hzmmer
hosk,(:) extended longitudinally is just gbecuve the hammez pivot
point, If it were below, there would be a tendency of the hannmer
to slip off. '

A perpendicular plane to this surface, , comeg just forward
of the trigger pivot peint, giving the trigger a counter-clockwlise
moment, ae requived. When the secondary sear is engaged, &
perpendicular to this surface, , i3 just to the rear of the
sear's pivot point, giving it a “lockwise moment, as required
for a self-holding grip.

Self-styléd marksmen at times alter their sear surfaces in
order to lighten trigger puil. T HIS IS A DANGEROUS
PRACTTICE, as the slope could be transformed to a creeping
self-release angle, which would be extremzly dangerous.

The M16 rifle firing mechanism alzo hes 211 of the required
functions., If the bolt is held unlocked, the bolt carzier would .
hold the hammer head back from failing premzturely. The hsmmex
has three distinct notches, in different lecations, for the
trigger sear, the secondary sear, and the full sutcmatic zear.
Thé secondary sear, here called the disconnect, is unlatched
by the trigger being returned to rest, while the trigger searx
enters its own notch. The automatic sesr Ia released by the
bolt carrier. '

At times a firing mechanism ie requized to perform additional
functione, such as in the SPIW progrém, where an automatic burst
counter was specified., In this, the weapon would fire three
rounde and automatically stop. A counter mechaniem was insorporated
which would sutcomatically trip off the gear when the thlzd segment
of its travel was executed. ‘

Then it would re-cycle {tself £or the next threesround burst.
1£f the gelector was then set for semi-gutematic fire, end only
one or two rounds fired, then the mechanism re-zselected to
contenlled burst fire, and the countex wheel haz to discriminate
thia fact end ree-set itself.

Machine gun firing mechanlems axe quite gimple, weually requiring
only 2 primary sear and & safety. Trigger aqueeze iz not a i
gignificent factor, and the minimum of parts insures ease of maintenance.
The most critical problem may be in sear bounce, causing Tun-away
firing. This may be resolved by shaping the notch to a self-
losking angle of zpproximately 57, and permitting adequate dwell
tezvel in the notch length so that the sesr has sufficient time to
assert itself. :
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TABLE OF PRIMER ENERGY

TYPE Fi_- IBS, *

Small Pistol 500 ' 5.5

Small Piséon Magnum 550 8.8

Small Rifle 400 e 6.0

Small Rifle Magnum 450 T2

L&rge_Pistol 300 Tind:

£arge Pistol Magnum 350 9.15

Large Rifle 200 9.2

Large Rifle Magnum 250 9.45 =

% Energy impartel to a pistcn in a test cylinder.

A uniform striker enmexgy of .45 ft. - 1b, was used for
all primers. '

The pressure in the cartridge case is.raised several
thousand psi by this primer energy. :

Feeding

_ Feeding is the acticn of plecing each cartridge, in turn, into
the receiver at & position in back of the chamber. The forward,
or counter=srecoll motion of the belt then pushes the cartridge into
the barrel for firing. This very eimple process is the most criticel
{n the design and development of a weapon, as nggn (Fellure to Feed)
is the most frequent Lype of stoppage encountered in the development
tecting of an automatic weapon. This is becauze there usually is
a portion of the feed progess in whigh the cartridge 1s not contzolled
This may occur at the following points of the feed cycle:

A. For & magazine feed automatic rifle:
(1) Rolt over-ride may occcur because the spring-liased

stack of rounds was surging and the base of the top round
bounced below its pick-up position.
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(2) 1In pushing the top cartridge forwzrd, the
cartridge rim rides along under the megazine 1ip.

At the end of this lip, the cartridge base is suddenly
released upward. If the cartridge is not controlled im
the barrel mouth, receiver, end/or bolt face, a jam may
occur .,

B. for a bélt-fed machine guni.

(1) The leading 1inked round can bounce sbout in the
feed tray unless it is controlled, usually by depressck
pawls and a holding pawl. '

(2) At the point where the round is freed of the {push-
through) type of link, the round bzse is subjected to é&n
uncontrolled transverse force.

(3) When the cartridge is being pushed betwesn the feed
tray and the chember, it may be free to bounce laterally,

i) so that the bullet tip cen jam ageinst an inside contour
or corner, jemming the actiom in a half-open position.

¢. Sprocket-fed machine guns:

(1) The linked round entering the feeder should be
controlled so that it doces not bind vpon entering the
sprockets. This is because of some tendency of the belt
to "fishtail", Control is facilitated by pulling on

the center-of-gravity of the linked round.,

(2) The cactridge, in being “'passed off" from gsprocket
to bolt face is usualily held in a mementsry “finger-tip"
position, and may be subject to "bounce! caused by
vibraticen, : ' '

These "'danger wmones' &are aggraveted by external vibrations of
the vehicle, such ss truck, tank, belicopter, fixed wing eireraft,
tripod mount, or humzn choulder. The importance of meintaining
mechanical contrel over every phase of the cartridge traverse
cannot be over-emphasized, if a low stoppage rate -is desired.

Usually, the cartridge feed stroke into the chamber is cempli~
cated by the fact that the mouth of the magazine or-fesdway is not
in line with the bore, so that the cartridge must be fed in
componnd directions, In this case a ramp is constructed between
the feed tray or magazine and the chamber.,

For best results, the cartridge should be fairly close to the

chamber, and the xamp angle, particularly for magszines, whould
not exceed 400, Machine guns are usually found to have longer
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remp distances, €0 the ramp slope is shallower, A series of layouts
ghould depict, in emall increments, the certridge motion., In doing
this, avoid any inside corners in the receivexr or barrel extension
in which the bullet tip may etub if the bullet deviates from the
predicted path.

In feeding a machine gun, the cartridge is usually placed in
the feed tray in the vertical axis of the bore, but in a rifle,
beczuse of the double stack magazine, the cartridges are _
alternatively to the left end right centex. Layouts of bullet ramps
from megazine to éhamber should reflect this compound angle.

The starting point for a weapon desipn is in placing the
cartridge in & favorable position for feed. nlis affects the
bolt design, bolt lugs, barrel extenslon, anu recelver. Too
often the locking system is designed f£irst, then the feed system
designed afterward. They ghould be integrated, The radial
distance from borxe to cartridge should be minimized, This is
why multiple chamber revolver guns are more reliable: beceause
the cartridge is-already in line with the bere for the critical
ramming step.

The Browning and Maxim families of machine guns draw the
cartridge rearwardly ocut of the belt in recoil end transfer the
cartridge to the bore axls in c¢'reccil, This places a greater
demand upon the feed system, &as it requires that the round is
already in belt leed positicn during the recoll stroke, As &
result, the belt feed strcoke must occur during the counter-recoll
motion. Belt feed is the advancing of the entire belt (ox
portion thereof) one pitch distance. The feeding of the belt
{e the portion of the weapon cycle that requires the greatest
amount of energy to perform efficiently. Paradoxically, the
weapon has more energy in its recoil motion than in countexr-
recoil, therefore, avellable energy for the Browning ox Mzxim
system ig limited. In the 160 machine gun, the belt feed cccurs
during recoil motion of the bolt., ‘ :

Revolver=type machine guns euch a&s the M61 end XML34 have
continuous motion feeders, as does the XM140, which is ideal in
thias respect: Ihe Fesd System Should Be Desigred To Feed During:

A Meximum Portlon Of The Weapen Cyele.

Since the belt feed requires the greatest amount of ‘work in
the weapen cycle, this work should be distributed over the widest
time frame, in ordsr to reduce peak lcads.

In Chipn's "Machine Gun' Vol. IV, & wide variety of feed
machzrioms is shown in an excellent arrey of sketches., However,
study only those mechaniems that were in an sctual weapom,
(See Appendix A.) Those designs dezignated as gcmeone's "Patent"
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chould be disregarded, since feasibility is not proven. Eefore
designing a feed system, it is well to review these mechanisms,
' conveniently displayed as to mechanism group, such az lever type,
. cam operated, sprocket type, etc. Note that, particularly with
the lever type, the belt feeding is accomplisked, in many designs
during both receil and counter-recoil motione. A common form is
a dual lever (scisscrs-type) that provides 357 to 50% of the
feed during recoil and 50% to 65% during counter-recoll,
depending upon dezign philozopby.

The lever form or cam shape that centrols feed velocity should
be designed to produce 2 minimum belt velocity at all timez. The
ideal form of constant minimum velecity feeder is incorporvated . in
the XM140, XM134 and M61l; the feeder operating during 100% of the
weapon cycle time., The resultant velozity diagram then is
constant velosity. This philosophy is unique to the design
of feed cams, and will result in minimizing belt surge, belt
loads, and belt separatlon or breakage. Minimum constant velocity
produces a more “"even" pull on all of the rounds in the belt.

ther cam forms would prodice higher lozds cn subsequent rounds

in a belt., That is, during a feed stroke, rnot all rounds ave pulled
at once, This varies from.shot to ghot and depends upon the '
condition of the belt in, and adjacent to, the feed tray.

Initial seceleration is not as high as supposed, because of the
flexibility of the belt, feed levers, cem path backlash, etc. ‘

The link should not be too stiff, then, in order for the linked
belt assembly to function somewhat as a shock gbscrbing spring

during any pezk losding., Tae formula for belt load (max effect
of acceleraticn) is glven ag: _

(@Y) ; '
; ) 1/2
P=H+[(‘.H2)2+WEK v?l
. &
W = Total weight of belt
Wez Weight of linked rounds being accelerated
R z Spring rate of linked belt (Ib./in.)
V = Maximum velocity of belt
g = 32.16

Note how the force, which is the feed mechanism leeding factor,
increzses with Velezity squared, snd with K, belt stiffpessz.
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The formula is developed o3 follows:
Consider the energy imparted to the ammunition belt:

2
(2) Ez WV +W (Xg = %) A
2g

= dynamic deflection of belt

s
]

o
?

= static deflection of belt
Also:

(3) E : KX, 2/2 - K xszlz

therefor.e: V F
@ wWpvaux, -Wwx :k &2 -x2
iy d r s 5
2g 2
s0:
7 SR 2.
(5) Xd . v ?de ZUXS
gk K K
transposing;
2 ) 2
(6) X4 - 20WXgz WVT 4+ Xg© - 2WKg
j ¥ gk ' K

completing éhe square: _ .

(7) Xdz - 2WK *(‘;{,\2. . wivz * X2 - 20K, +<§)2‘
T ® N
factoring:

(8) (Xd ) = Wy, v2 + xs = n)

Taking the square root: _

9 xg-u oz | wvEo{x, - 1)
K K

gK
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Now, by definition, static deflection eguals W/ZR,

therefore; X, = W/2K
) 2
(10) X4 e 8+ Jvu, v2 (- ¥
= T
K oo ) 2K
gK

The load devéloped ie simply the dynamic deflection times
the spring rate of the linked round,

(11) P =X, K

Therefore; combining the above two formulas

(12) P=W+K wTvz»c.l_tg_z '
' ~z \I

(13)—(1) 9 4 ‘
I Pa2W4 WT KV V_\ {:WORKING
' id A
! o CL : FQRNUI

This lead should be considered in calceculating the strength of
every component(the feed mechanism) such as shear strength of feed
pewl pivet pin, compressive stress between roller and cam, ete,

The pressure required to dent the cartridge case should also
be considered, £nd msy determine the required bearing asrea between
feed pawl and case. (ezp. caseless emmo.)

' E - modulus of elasticity of cart-
2 ridge brass
Pog. 2 Eh . 3 h - wall thickness of case
4 (l=pd) R°

U = Poisson's ratio, = .28

-

R = cutslde case dizmeter at contact

Link Deslan

The link design is integrated with the feedeystem, and 1links
are generally classed as side~stxipping, push-through, or pull-out,
depending upon the type of motion used to sepsrate the round from
the link., There is &n excellent display of link designsshown
in Vol. IV of '"Machine Gun'" by G. Chinn, page 285.

Links ghould have the following characterdistics:
(1) Pull the cartridge et the linked round center of gravity
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(2) Lock onto the carztridge, so as to prevent "walkeoff" or
a progressive vibrating off its position on the cartridge
(axially) '

(3) Be tight encugh to grip the certridge so that during maxinun
belt pull forces, the round does not loosen (zadially)

(4) Not be tight encugh to prevent easy round stripping in feeding
(5) Belt be flexible in a butt fan radius

(6) Be flexible in a nose fan radius

(7) Be flexlble in twist

(8) Ee able to fold in parallel layers in an a2mmo can. (fronﬁ & béck)
(9) HMust permit the layers to stack evenly.

(10) Linked belt must not disintegrate whén armorer handles
‘belt cutside of weapon and chuting (Infantry load)

(11) Links must disintegrate vpon ejection from weapon
(12) Linked round must not have protrusions that cause belt
to snag in ammo can, chuting, feeder, weapon, or ejection

chute -

(13) Links must be xe-usable (for development test purposes)’
without significant chenge in chavacteristics upon re-use

(a) stripping force
(b) gripping force

(14) Capable of long term storage without change in gripping force
and without corroding. 2

(15) Cost shold be low

(16) Adaptable for either left or right hand feed
The link, in pulling on the center of gravity, should have cartridge
gripping sectlons that straddie the grip area, without being. lensened
as belt pull increases, The gripping force between link and round

is calculated by treating the gripper as a cantilever beanm extending
from a fixed end, Apply the formvlae for stress and deflectien,
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the deflection being the interference between cartridge and free link,

SzMz end [ -uh?

1 3EX

L

I = mement of inertia of tzb section

This is a good approximation, with more detailed anzlysis given in
Rozrk's "Stvess and Strain" on curved beams,

Some links have been designed with separate ""Cap" sections so
that the belt pull forces do not tend to spread open the link, The
cap is stripped off the link during entry into the feeder,

The M75 weapon utllizes en extremely ldightweight link in
relation to the cartridge size because the link is & closed loop
encircling the cartridge. In this way, belt loads tighten the
grip between link and round, rather thsn loosen it.

The linked belt pitch distance should be 23 emall es poesible
for maximum efficiehcy in feeding, yet be long enaugh to permit
parallel stacking of rows. (particularly at the row erdz) A zhort
pPitch distance mezns & short stroke .of the feed system {leverz,
cams, etc.) and reduces the weapon profile. For 1inke that pivot
on a esucceeding cartridge, the pitch distance is appremimszely 1.3
timee the cartridge body disa., while for 1linke that pivet in the hooks
between rounda, the pitch distance iz spproximately 1.4 to 1.45 times
the cartridge body diameter. 0y :

Linkless heliczl.drum type feederg sre alao employed in some
weapons such as the Lewls machine gun (radialiy stacked drum) and
Thompson subemechine gun (axizlly stacked drum) . Large capacity

linkless feedcdcums ere slsc used (M61 and XMi24) which control sevezal

thousands of rounds with a conveyor eystem. - This item g & gpecicl-
ized subject of lte own.

A recent problem kes auplved in which electric primed ammunitisn
becomes wver-aensltive in the presence of elestronic equipment over
& period of time. To prevent the primer from €crming en induced
electro-magnetic fleld, & tsb of the link is incorporated aw an
integral shield. . '

Magzzins Deaign

The magzzine unfortunstely was conceived zz a cheap, throwe-away,

one-time-uge item, end, accordingly iz constrveted of rather light
gauge sheet mstal, which ia subject to damzge in rough: handling.
Unfortunate, because the mzgzzine lip 1z one of the most critical
surfaces in the entirs xifle, Attempts have been made to incorporate
a fixed machined 1ip as an integral psrt of the veceiver in awdew
te eliminate this weak polnt in the system,

o
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The magazine should be as high as possible into the receiver,
commensurate with bolt configuraticn, in order to optimize cartridge
ramping. The magazine feed lips should wrap arouzd the tep cartridge
g0 as to prevent cartridge pop-out in handling. This is usually
an angle of 70° to 75° as depicted in the following sketch,
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The magazine lip length Wﬁ"shculd be long enough to contain'the
cartridge center of gravity, yet shert encugh so that the following
cartridge, or follower, can give the base an upward moment upon
cartridge release, preventing jamming between bolt face and ramp
area,

The inside magezine width, W for & double stack, should be
approximately equal to the cartridge diamster plus cosire 30° times
cartridge diameter. If the width is greater than this circle contact,
then greater forces are transmitted to the magazine side wall, '
causing hard feeding and subzequent binding. If the width is
shorter, the magazine depth becemes unnecessarily longer.

The magazine eide walls should have longitudinzl ribs "r" as
a cartridge bearing surface to permit easier feeding, Sand, grit,
and ¢ther matter will then collect harmlessly in the void between
the ribs. Secondly, the ribs reinforce the sheet metal wall, greatly
increasing its eection medulve ageinst deflecticon,

Ingide length "L" should be minimized in ozder to reduce
impact of the bullet tip during sutcmatic fire.
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In suomary, when designing a magazina, first study other zuccessful
magazines in detail, in cwdexr that all required cherscteristiecs
ere iIncozporated. Msgazine 2pring dezign will be dizeuszed inm the
chapter on "Spring Design".

Magazine depth must be carefully controlled. This sheould not
be so from en engineering viewpoint, but for prastical reasons is
necessery. For example, in a 20 round magazine, 1f the user cen
.. Bqueez2 in & twanty-firet round, he will do so. Then when this ie
ingerted in the rifle it may csuse hard stripping, oz, inm bearing
tightly against the bolt, may cause & short recoil, or may spresad
the magazine sidewalls, defoyming it enough. to cause subasequent
jams. The accunulated tblerances of max/min cartridges plus megazine
tube tolerances are involved,

The magazine follower and spring 5 uswally designed eo that
the load is concentrated approx. 35% of "LV from the cartridge base,
This is to prevent cartridge basze drecp during gurging of the atack.
Also, it helps in lifting the full stack properly, since the bottom
cartridge will be inclined apprax 15° due to bedy taper accumulztion.,
For a thirty round mzgazine, the accumulated incline iz so high that
the magazine body usually is curved to ccmpenszte for this inclinstion.

Ammunition Storage and Boosters

Weapon syetems on aircraft ususlly have such a large ammunition
supply, or such a long, torturous peth frem ammunition can to vEapen,
that the weapon feed mechanism cannot pull the lozd without reducing.
firing rate or cauzing excaszive wezr of cem gurfaces and components.
For this reason, boosters ave used; that ia;, suwilisry foed devices

usuzlly in the form of & motor driven sprocket.

The main problem 1z in correlating bosgter delivery with Weapon
rate of five. This is not sivple, &ince weapon rate of fire is
not constant, hence a genging deviee muat be incorporeted that will
control the bosster spesd and delivery. E

A. One method 18 to vsed 8 mechenical piteh semscr, Waen _
amnunition 1g bunched vp between booster and gun, the belt pltch will
shorten and & mechanical device will stop the booster. Aes ammunition
19 used, the belt will stretch out znd inecyesse piteh, so that the
sengor gwitches the booster on, The response hae to be quick,

. becauze as the pitech is increasing the weupom ia firing; the slow
inertia of the bosster motor and drive may not gupply the next
rourd that the gun demanda. Consequently, béig pull will be high.

B. The same zpproach a8 sbove, but based wpon belt catenary,
1

Catenary is the droop of a length of beiting causing a awlteh to close,
cortrolling the bhooster, ;
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C. A dual speed booster; where the sensor switch does not shut
off the booster, but switches in a resisteor théet siows the booster
slightly. Here response time is quick, because the booster dcoes
not have to build up epeed from a zero start.

D. Time delay may be a criticel factor, as in intermittent
fire, when firing stops, the bocster has sufficient inertiz to
feed a frzetion of & round more. A few gpasmodic bursts will
scon "overfill" the feed tray causing a2 gun.jsm. A short-time
" delay control is incorpcrated in the boaster circuit on situations
of this type in order to clear the pile-up.

E. A round counter mounted on the feeder that pulses a feed.
gtation on the booster sprocket.

© Spring Design

In designing a spring, usuvally a helical compression spring,
for some part of a weapon mechaniem, it usually happens that only
a minimum of space is left for the spring; that is, if the spring .
is not carefully degigned, it will be vulnerable being over-
stressed in sexvice. :

Firstly, the mechanical requirements of each compenernt, then:
the strength and durgbility levels must be satisfied, Secondly, the
load requirements of the spring are specified, and, finelly, the
amount of spring strcke is determined. For the reason that the stress
levels of weapon mechaniam springs are high, the material to be used
is music wire, which haz elastic limit stress values of 150,000 to
180,000, depending upon the wire diameter., The smaller the wire-
size, the greater the permissible yleld strecs. Springs gubjected
to high temperature levels zre usually stainless steel, suvch as.
"Elgiley". Common spring steels are-reliable when stressed up to
80,000 psi at temperatures of 350°F - 400°F. or less.

The use of square, rectangular, or other then round, wire shapes
should be avoided for several reascns. Firstly, the stock is not
readily available to most ¥endors, therefore the cost will be higher.
Secondly, these apecial shapes ere not produced in tennage, as ccupared
with round wire, hence have nct had the refining development which has
been given to round wire, The resultant yleld etrength is not equal
to that of good grades of round wire.

In specifying spring wire, a number of standard gcugs series
are commonly used, therefore, in ordér to aveld error, the wire
size should be specified in decimals,



The etarting peint for desipgning & coll spring is to determine
the outside wire dizmeter permissible, commenszurate with available
spase, and the minimum operating height of the coil., -Then, calcu-
tate the loazd and stress levels of & sample coll that will have a
D/d ratio of 6.5 to oney, and a pumber of eolls that psrmit only 3
to 5 thousandcha inch between colls, '"D" is the mean coll diameter,
while "¢" 1g the wire size. The compresalon of & coll spring is
technically, not "compression", but "torsion', That is, the call of
wire 18 being subjected to & tereionzl, or twiatding, force. As the
ratio of D/d decreases, an additlonel shesz stress acts, and this
becomes dis-proporticnally higher, zs the coil becomes tighter. A
D/d ratio of 6.5 is quite satimfactory, but this may be adjusted
between 5.5 snd 7.5, depending upon load desired erd resulting
gtresas, In no case should the Dfd ratio be lower then 4, The component
of additionsl shear stress due to curvature is known &s the Yywehl"
factor, and is well covered in eny stendard work on spring design.

- Typical values of "K", the Wahl factoz, szze:

Dfd : nKu = HpH
! 9; : 1015 - 1007
: 7 % i.21 : L
’ 6 : 1.25 - 1.12
5. _ 1.32 1.16

(/7R 1.4 2 e
3.5 1.47 1.23

The caleulated epring etress iz multiplled by "K". However,
in gun design, e spring does not cycle for hundreds of thousands
of cycles, thevefore, tke level of fatigue dces not approach that
of cther flelds, such us valve, sutcmotive, etc, Therefore the
facter "RV is more realistic, being midway between 1.0 and "K',

The basle formula for etress in torsion for round wire 1a;

Szy;-__c:.'
I

in which M

"

torgicnal moment s PR=-FD

d/2

= ool
1 & polar moment of inertia =7[d _
32
€0 S = 8 ¥D
ara

However, this ststic stress is not & positive indicator of the
T Impéct loeding can cause a much
elght streza, A teating machine

oslity le requized.




The other principal spring design formula is that for rate of
deflection, or spring rate

R =G d? 1b./in.
8ND 3

G s torsional modulus of rigidity, of steel wire, or 11.5 X 108

Note thet the lLozd/Stress formula deces not contain a facter for
number of coils. This is because the ccils are in seriles and the
load required to deflect one.coil to solid height is the same required
to deflect the entire spring to solid helght.

In designing a spring, the formulae for stress end rate are
worked together. For example, if & lower rate spring ie desired,
either "d" is decreazed or "D" is increased., This, in’ turn, reduces
the peak load for a given stress, each to & varying degree, Use
or a commercial "slide rule" type of spring calculator permits rapid
trials of various combinations.

The spring rate ghould be as low as reasonably attainable.
One reason is that stress and stress range govern the life of springs.
The wider the stress wange, the quicker the spring will fatigue.
Comparatively high stresses czn be used where the working range is
short, and reducing the spring rate accennlishes this, Spring rate
is reduced by maximizing the number of coils. This, in addition,
reduces the deflection ranpe of coils during spring surge. That
is the, free distance that individuel coils of wire can deflect. For
this reason, the spacing betweeu coils, at minimum operating height,
is .004 inch,-snd may even be reduced to .002 inch.

The facter "N is the active number of colls. That is, springs
with squared, or squsred and ground ends have one inactive coill on
each end. :

Springs are generally wound right hand, but when one spring is
inside another, they aze wound opposite hend, in order to prevent
¢laghing, or pinching, of coila. " .

As e spring Is compzessed; the cutside diameter increases; due
to the closing of the coils, The formula for calulating diameter
increzese is:

nlglzz’]/ p® 4+ 4 2 - 42

nean dia. :
mean dia,, solid height
pitch et free length
wire dia.

e sordn =
€ gprang B3
- t 1

=
3 L
to 1

L

3 times higher than the weapon rate. If not, the

' oo o
- =
o o

ural frequency should also be checked, and should

==t =g B
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spring will surge and the stresses greatly augmented, Some surging
cen be ezbsorbed by having a few closed coils bullt-in.

One general fcrmulé for determining spring frequency, n, is:
n © 826,500 d/MD? cycles/min, -

The surge weve of a spring, when loaded, requires a specific
time to travel from cne end to ancther. Velacity iz conztant for a
particular spring and doss not depend on the load or velocity of
.the lecad. However the magnitude of the wave ie affected by the
velocity at which it is struck.

The surge wave of a spring, when loeded, requires a specific
time to travel from cne end to another, Velocity is constant for &
particular spring and does not depend on the load or veloeity of
the lcad. However the magnitude of the wave is zffected by the
velocity at which it is struck.

The equetion for the surge-wave velocity "C" in & compresesion
spring is: :

Ccs d ,! Gz  (indsec.)
E ZY n C-

d = wire dia.
- D & mean 0011£dia.
¢ =11.5X 10
< = .283 1b./ind
thus C = 88,600 (d/D) in./adn.

the purge time T:

T. B 311? D N_ BEEC .,
C
2
or T s ND' 8&c.
27,900 d

When (he ratio of the losd vs, the spring weight is reduced to
4/1, then the spring weight begins to affect the calculation for
energy stored in the epring. The lead is then modified by adding
1/3 the weight of the spring.

The limiting factor in the veleocity that e spring can drive
& component is not the energy stored, but the rate at which this
czn propagate down the turnms of the gpring. This velecity is
related to speed of souird in the spring materiazl and is limited
by the allewable stress in the material.



This ultimate velocity is;
Vmax = S in,/sec., (steel)
131
This is ebout 115 ft/sec,

At times, the behavior of some springs cannot be predicted, but
can be gbsezved by uesing a stroboscope.

0f course, proper heat treatment is necessary, and modern equip-
ment in most facilities assures this, but if springs are over-hesated
graln structure will be coarse and the fatigue life poor., One simple
method cof determinipg proper spring design and heat treatment is
to close a spring to solid hejight three times and measure the fiee
length. Any "“set", ot permanent deformaticn, should then be apparent.

Compression springs must be guided, either by means of & rod
inside the coil, or the coil inside a hole, if the free spring length
is 4 or more times greater than the meazn coil diameter. Otherwise,
buckling would be likely to cccur,

When dual (inner and cuter) springs are used, cne spring is
wound right-handed while the other is wound left-handed, as mentioned
previously, but the outer spring should be designed to caryy approx.
2/3 the load, the inner 1/3.

When designing odd shape compression springs, such as a magszine
tube spring, two methods may be used. The firet, is to tzke each
segment of a single coll and treat that as a cantilever besm with
a flexible support, end summing the load and deflections for the
four segments (of a rectangular coll) of the single helix. The load
will be the same for the total spring, with the rate varying inversely
as the number of colls. This method is tedious, but a simpler method
1s to add the totel circumference of one coil of wire and convert
that to & round coll of the eame circumference. Use the szme wire
dia,, number of colls, ete, and solve for leade and stressea. This
result will be within 5 - 10% of actuazl lcads and stresses.

Ixtension Springs

In designing extersion géprings, the factors are the same as
in the design of compression springs except.that extension springs
can be wound tightly with an initial tension between the cofils. so
that a load must be applied to separate them.

The types of ends very widely, depending upen loop, hook, or
end desired,.
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Extension springs are not usually found on weszpon mechanioms,
because the stress concentration where the end coll is turned to
form the loop, or hook, is vulnersble to breskage, Also, far a
very practical reason, when an exitenszion spring is being ascserbled and/or
disassembled, there is no pesitive stop as there iz in compression
springs (eolid height) and thuz an extension spring can be very
eagily over stressed in handling.

A gpecial form of 2 compression spring is 2 so-called Mgarter
spring" in which a clese-coiled spring is azsembled into the form
of a ring. This wes done in 2 rifle grenade .launcher where the
spring acted to retain ths grenade.' jut after it wue 8¢t "dnto pesition, a
twist buckled all the spring coils so that they locked the grenade
tube to the muzzle device. This caused a seriocus szcident, which
pointed cut how dengerous that type of spring could be in practice,
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Torsion Springs

A torsion spring can also be quite ugeful in wezpon mechinisms,
being a coil of wire subjected to tozque, that is & wind-up of the
enll,.as in a common "ret-trap" spring. The ends mey be configured
in a variety of styles, and this is usually useful in reaching out
to remote distaunces to perform load, or retaining, functions,-

It is most usefuvl in zotating ccmponents, or to cushlcen shock
on rotating parts.

A torsion spring ghovld always be actueted in & direction that -
would tend to "wird up" the coil, or reducing the dizmeter of the coil,
Othexwlze, the end coile would te=nd to bend gputward, carrylng all
the loed. Also bear in mind thst when a toe¥sion spring is lcaded,
its coll length inczeases, as one full tuzrn mekes the coll one wire
diameter longer. Allow clearance for this increzse im length or the
c¢oil will bind or bieck. The epring leg will also shorten, end if
not coptained, will snsp free.

There is almcst no limit to the possible configurationz of a
torsion spring, but beer in mind that designing shepes beyond thaose
commonly tolled incresses cost estroncmically.

The specifications for a toreion spring ghould include the
load as a torque in inch-pounde, as well as the mechanical dimensions,
including right or left hand coiling. I1f possible, the spring should
be reversible in aszgembly, :
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Two formulae required to develop a torsion spring are as follows;
(1) Equation for deflection (zxound wire):

Mz EBd* T
10.6 D N

Torque (in.=-1b.)

Number of coils of wire

Number of turns spring is torqued
30 X 10 ;

Mean diameter of coil

UmH ==

(2) Eguatlon for gtress:’ )

 Tonque (inch = 1b.)
wire size

{27
1e 6

As in coll springs the ratio of D/d must also be consildered,
since the stress for a straight beam must be modified for the curva=-
ture of the coil. For torsicn springs, the stress correction factor
(K) increases sharply as the D/d ratio is reduced below 2.5 to 3.0, -

In general, the lower the maximum stress, and the shorter the

range of stress between initial and final working positions, the
longer the service life,

Flat Springs

At times,.limitations in space prohibit the use of coil springs,
and a flat "strip" type of spring may be utilized., Flat springs
have the added advantage of being able to perform a combination of
functions.

Special blanking end forming tools are used to produce this
item, end a number of specialty vendors axe able to produce these
quite economically.

Straight carbon steels are used in these springs, with ,70 - ,80%
carbon lending itself better to sharp bends, while the .90 - 1,05%
carbon exhibiting higher elastic liwits. In some cases alloy steels
are also used, Sharp inside corners should be aveided at all times,
with holes punched at the ends of slits.

The controlling factor on the loads of small flat springs is

the thickness of the material, as the deflection formula ghows the
loed.to be a function of the thickness of the matexrial cubed,.
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Calculations of flat springs are similar to those of beams, and
the comparable form should be selected, such as cantilever with
fixed end, free end, etc., cr beam nith distyibuted lczd, or concen-

trated load, etec.

For example, consider a cantilever beam clnmped at ¢ne end
with a concentrated load at the other.

The formulae for stress and deflection are worked together,
such as:

SzM -6 PL h = thickness
I b b b = width
F = deflecticn = PL3 = 4pL3

3EL Ebh3

Of course,stress raisers, such as holes and sharp inzide
corners, must be ninimized, particularly where the base of the spring
(max, stresu) is bending.

Bends in the spring aleo affect stress, generally acccrding
to the following table: :

Inside radius of bend Strese factors "k"
.5 X metal thichness - 2.0
25 " " 1.66

1.0 il 1 .5

1.25 b L l.4

1.5 ) L s

200 i l.‘ 1.25

3,0 it ) ‘ 1.16

4.0 1" " 1'12 3

Theoxetically, the shape of a flat spring can be modified to improve
its efficiency, such as the uniformly stressed spring and the built
up (leaf) epring, but this advantage is cffset by p_quutiﬂﬂ costs,



Belleville Springs

This form of washer-type epring is quite common in gun mechanisms,
particularly buffers, and have the ddvantagé of being quite compact,
the range of motion being quite short.

A series of empirical curves are used to calculate this type of
spring, and may be found in most up-to-date spring degign manusals.
(Associated Spring Handbook)., Otherwise, one would have a formula
with &4 variables, resulting in extensive work. :

A typical solution of a Belleville Spring configuration is as

follows:
PsB f Ki-_f)(h-f')urt;x
(1 =6 4) Ma™ 2 .

P = load
E = 30 X 106
f = deflection = 004

» = Polsson's ratlo = o3
h = free height minus thickness = ,005
t = thickness = .084

O-Do 4 0730 |

I.D. = 380
ael/2 D.D. 8 365

- M = Conztant taken from chart relating Q.D./I1.D. ratio to
stress constants Cj and C2 '

Cis 1.21
Cpa 1.35

= 06?5
2. P = 867 1b.

Likewise, the strese equation is:

5= KL # h = £/2 Ch £\ ¢
L T /2y 4 ¢ €|

C'I S = 1?2«000 Psi

The spring rate of Belleville eprings is controlled by epecifying
the method of stacking and the number of elements.

Belleville spring packages are usually used as buffers, to
absorb shock, or to take up slack, somewhat as a spring washer. In
a commarcial application, Belleville type springs are used as pressure
disks for pewer brakeg, so the range of application is wide,
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As may be expected the thickness of the plate greatly afiects
the lead cheracteristics, also the ratio of h/t; that is, the free
height va. the thickness. This ratio affects the load deflecticn
curve, and for certainairves, the springs have a near zero rate
for & portion of their travel, Thus, changes in ssgembled keights
(tolerznces, wear, etc.,) would not change the load.

Ring Springs

Ring springs have also been used extensively in ordnance,
particularly as barrel buffer springs for shorterecoil operated
weaponsé. Ring eprings consist of a serles of inner and outer

In compression, the outer elements expand while the inner elements
contract, with high friectional loads bearing on the mating surfaces,

- ~ - : —=— F

lixnyinnuliasMiinwiing

b
&

Ring eprings inherently have a high load capacity for their
size and weight and can abszorb ehock with low recoil.

The epring elements act as inclined planes through the angle
€. The force F is uniformly dietributed throughout the circumference
of the ring. The resultent force acting on the wadging surface of
each sector can ba divided into two components, one normal to the
surface Fn and the éther tanmgential (friction) egual to Fn times
u (coef, of friction) '

Charte of ring epring compreseion constants and recoil constants
in terma of taper angles and various coefficients of frictisn B
(dBually from (.10 to .18) have been prepared snd include taper
angles of from 109 to 307,

The axial lead is less during unloading then during loading,
of course, but the radial loazds are the same.



Some recommended proportions for ring spring packages are:

(1) . The compressed height should be at least 4 times the
deflecticn,

(2) The ring height should be 15 to 20% of the cutside diameter.

(3) The cutside diameter should be as large as space permits.

(4) * Nermal ring taper iz approximately 14° (&)

(5) Allcwable stresses are usually 160,000 psi for stsel not .
machined after heat treztment and 200,000 psi for those
machined after hest treatment. The ring spring can continue
to function even though several of the rings are broken.

The lowest capacity commercial ring spring is in the order
of 2 tons.

Another variation of the ring spring is the split ring spring
in which each ring is glit on cone slde. The spring rate is
greatly decreased, while the frictional zetion is retaired. The
contour.of the spring is modified, so that the ring thickness is
maximum 180° from the e£lit aznd tapers toward ezch side, The epring
package is then arranged with alternating slit and thick sides,

Strended Wice Springs

When an exizl load is applied at the ends of a stranded helical
spring, the material forming the helix 1s subject to & twisting moment.
In this respect the stranded spring is not essentielly different than
a conventicnal spring (helicel) made from a single homogeneous wire
element. The cuistanding characteristic of the stranded spring is an
inherent tendency for the demping of high-velocity displacement of its
coils, a cheracteristic not shered with the conventicnal spring. The
damping in the ctrended spring is doe to a binding action existing
between the twlsted wires in consequence of the twisting mement acting
on the strand.

In the stranded spring it is essentizl that the helix of the strand
be opposite in direction to that of the coils of the spring. An epplied
load causes a twisting moment which tends to czuse a wind-up of each
helically formed wire. The wires of the strand ere in contact with
each cother even in the unloaded state; and eince there ecan be no
appreciable wind-up, birding between the wires results. However, if
both the strand and the coils c¢f the spring have the game turn of
helixy; the twisting moment tends to unwind the etrand, in which
case the binding acticn is lost and the spring deflects as though
it had a subnormal value of shear modulus,

For the purpose of load-deflection computations the stranded
wire spring mey be resclved into &8 many partlal springs scting in



parallel as there are wires in the strand. The rate of deflection R .
may then be determined by the following formula:

Kn qu
8p3 N

R

"

a factor = 1.05 fer 3 wire strands
nunber of wires in the strand
shear modulus = 11,500,000
diameter of wiré in the stwrand
pitch diameter of spring coils
number of active coils

Zo0oc@o R
CE T T

‘Stranded springs usually have cne coil closed at ends but the ends
cannot be closed as effectively ae they can in conventional springs.
For such unground end censtruction the number of active coils "N" can
be estimated as the totzl number of ceils lees 1.2.

An accurate computation of the numerical vaiue of the shear stress
in the stranded epring is a complicated affalr, However; if the spring
is resolved into partial springs acting in parallel, as i1s assumed for
load-deflection computaticns, an average value of the shear strezs "S"
may be obtained for each partial spring from the following formula;

S & Gdf
DN
G = shear modulus :
d = diameter of wire in the strand
f = deflecticn of the spring
D = pltch diameter cof spring coils
N = number of active coils ‘

For a given application in which the spring coils have a high
velocity of displacement, springs which have relatively low values
of statically computed stress at solid compression feil earlier than
springs in which the streas at solid compression is relatively high,
The performance of the gun driving springs apparently cannat be
predicted by stregs computations based on static assumptions. Driving
eprings should be designed to have the lowest posgible mass.

Neglecting the effect of a difference in end coil construction and
in the number of finsctive coils, a 3-wire strended spring, having wire
dizmeters which are 68% cof the diameter of the wire in a given .
conventional spring, will have substentially the same rate, pitch
diameter, solid height and aversge ccomputed strezs €s the conventicnal
spring. Maximum fatigue life will result, when 3-wizre strands are
used, the strand belng so proportioned that the ratio of the length
along the strand axis in which a single wire makes cne turn, to the
strand diameter iz between 5.0 &nd 5,3,
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Twy wire strande have a longer fatigue life than conventional round
wire helical eprings; but the results were very much inferlor to those
of 3-strand springs., Four or more wires are not stable unless a center
wire is used. :

The digmeter which circumscribes the three round wires woven into
a strand (end in contact with each other), will be 2,155 cimes the wire
diameter; sssuming the wires to lay on the corners of an isozcelee tri-
angle. Three wire strands having a ratio of twiet in the strand to the
strand diameter of 5. end 5.5, it is found that the etrand diameter is
very close to 2.18 times the 'wire diamesier.

For either a conventional single-wire epring or a stranded epring
in which the pitch angle of the colls is not substantially in excess
of 10, degrees, a fair approximatien of the time in milliseconds for
the wave to travel from one end of the spring to the other can be
obtained from .the following formula;

T = .0354 DN
d

D = pitch diameter of epring coils
N = number of active colls
d = dlameter of wire

As the wave of displecement passes thru the coils of the spring
immedistely &fter firing, esch element of the spring scquires the ve-
»locity of ‘the free end upon the arrival of the wave at the element.
The elements then tend to move ac the acquired veleocity until the
moticn is affected by the reflsction of the wave from the fixed end
of the spring. The initizl reflection of the wave at the fixed end
of the spring and the subsequent reflection from the free end are
the causzes of the exivemely high dynemic stresses imparted to the
spring. :

According to transient wave theory the change of stress of an
element of a spring varles dizectly &s the change of velocity of the
element. The demping effectes of stranded springs become more
effective eg the velocity is Increased., Stranded springs have little
damping action at low veloclties of displacement, znd hence, compare
most favorebly with vonventlonal springs when the displacement velocity
is high.

It is believed that the greater damping actiom of stranded
eprings is effective in absorbing energy so that the reflected wave
in 2 stranded spring has much lower énergy content then the wave in
a conventional spring. The subzstantilal decrease in the energy content
of the reflected waves decreases the dynamic displacement of the coils
of the epring, proporticnztely reducing the stress in the spring.

The stress range is a move critleal factor in the fatigue life
of springs than the stress level, or the mean gtress in the cgperating
cycle,
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Music wire is currently the most satisfactory stranded spring material,
The fatigue life of pretempered chrcme-zsilicon wire was distinctly in-
ferior to that of music wire. The relatively low yield point of musie
wire enables it to yield end adjust itself o the straine ircident to
the stranding and cciling operations in mzking a stranded gnring,

50 long es the ratio of the pitch diameter of the cofls to the
diamzter of the wires in the strand ig not substantially smaller than
epprox. (13.) thirteen, stranded eprings can be coiled auvtomazically

on standard spring colling equipment.

As in the case of contentional muzic wire springs, it is
essential that the stranded gprings be stress relieved after colling-
heated to approx. 450°F for a minimum of 30 minutes, It is also
essentizl to coll the stranded springs scmevhat longer then £inished
length, and to remove the excess length of presslng the springs
from free to go0lid height a sufficient number of times to assure
that subsequent compregsion to solid will produce no further
reduction in spring length. :This pressing operation produces a
beneficial residual strese pattern across the wire section 1in
the 'unlozaded spring; and &g the operation promotes a minimum of
set during the subsequent coperation of the eprings, 1t is just
as vital where stranded springs are concexrned as 1t is for
conventional single wire springs., ' ‘

The wave motion of the coils of a driving epring generates etresses
which may exceed the stresses preduced by etatic compreseion to solid
height. If so, the epring will teke additional set during the gun
firing, eepscially during the first few rounds, '

Shot peening incresses the life of conventisnal single wire springs

by up to 60%. Shot peening is not effective in increasing the fatigue
life of stranded drive springs.

The Neg'ator Spring

Thie is a flat strip of colled mstel that hes a nearly constant
force level, at times even decreasing in force with deflection. A
congtant force had previously been achieved with dead weights or
intricate cam or lever systems. Neg'ator is a trade nzms patenced
by the Hunter Spring Co. of Lanadale, Pa. that fabricates this item.

Principal features of this spring are:
1. Flat. force - defiection curves

2. Extremzly long deflections, or extensions, up to 50 times
the length of the original spring

4 i = ol e il i - £ ey =
3. Ability te ast without losses arcund corners
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The important consideration In attaching & bayonet to the puzzle Is
the effect upen accuracy, 2s well as &tlengf Acourecy firings with
and without & bayonet attached show a dﬁfilﬁte change in the center of

impact, due to the eccentric mess, Close fits are of sgdded Importance.
The bayonet.latchk should be concealed; so that it caﬂfﬂt be insdvertsnt-
ly relsased when sparring. Barrel strength should be adequzte to sustain
severe thrust &nd chop loads via the bayonet.

While on the eubject of muzsle end berrel, a discussicn of bazzel

length will be followed by muzzle devices, "*h ag muzzle b_dsaerqs
flash hidere, silencers, and of most Interest, muzzle brakes

Barrel Length ; i

The longer the barrel is in propertion to the bullet diame@az,
the lezeg powder will burn at the muzzle. The .256mm Jap riZle with
31.4 inch barrel offerg practically no £lssh end 1little emoke because
powder burning is eszentially completed before the bullet resches
the muzzle, Tests conducted of & 36 inch cal, .30 basrel (M2 bail
emmunition) show abaclutely no flash and little emoke, Of course,

a hot gun incresses flash, end not even a 40 Inch barrel wes effective
in eliminating flash, when firing long bursta.

Barrel lengths do not vary widely among cémmercial as well as
militsey models. Theyuvsually conform to an original barrel length
used in standardizing the cartridge. Of course, barrel length in
handgune vary widely, end this is due to the intended use of the gun.
Tazget models require.a long sight radiue, police medels require
lightress, and concseled wezpons shortnese. Velocities are not sige
nificantly effected, & 6 {rch cal..38 barrel being 3 to 5% higher in
velocity than & & imch berrel, end 10% higher thaen a 2" barrel,

For rifles, the .lozs in velocity (f@w gsveral inches) 1s quite small,
and can he overgﬁad wed by other verilables, svch azs telerance in land

end groove, powder temperature, powder measure, ete. The enly relishle
methed of measurding effest of berrel length on muzzle velooliy

is to take one bazrrel, aid using carefully mapwﬂred 1pade o the

game 1ot of ammuniLiJﬂ, meazure the velocity of & sample (2t lezst

32 roundas) then cut.the brrrel off an inmch (£or example) at 2 time.

This data should ales confirm the interier bellisites theories formu-
lated for that certridge,

A typleal tsble of muzzle velocities versus length of barrel is
given a3 follaywa: '

120



Music wire Iz currently the mozt satisfactory stranded sprivg material.
The fatiguve life of pretempered chrome-silicen wire was distinctly ine
fexrior to that of music wire. The relatively low yield point of music
wire enables it to yield end adjust itcelf to the strains incident to
the stranding and coiling operations in mazking a stranded zuzing.

So long es the ratio of the pitch diameter of the coils to the
diameter of the wires in the strand ie not substantizlly smzller thean
epprox. (13.) thirteen, stranded springs can be coiled autcmatically
on standard spring coiling equipment,

As in the case of contenticnal music wire springs, it is
essential that the stranded springs be stress relieved after coiling-
heated to approx. 450°F for a minimum of 30 minutes, It is also
essential to coll the stranded springs scmewhat longer then finished
length, eéend to remove the excess length of presslng the springs
from free to golid height a sufficient number of times to assure
that subsequent compression to solid will produce no further
reduction in spring length, 'This preseing operation produces a
beneficiel residual stress pattern zeross the wire section in
the 'unloaded epring; and &z the operation promotes a minimum of
set during the subsequent cperation of the eprings, it is just
as vital where stranded gprings are concevned zs it is for
conventional single wire springs, ' ‘

The wave motion of the coile of a driving epring generates stresses
which may exceed the stresses produced by etatic compression to solid
height. If eo, the epring will take additional eet durdng the gun
firing, especially during the first few rounds. '

Shot peening increases the life of converntisnal single wire springs

by up to 60%. Shot peening is not effective in increasing the fatigue
life of stranded drive gprings.

The Neg'ator Spring

This is a flat strip of colled metal that has a neaxly constant
force level, at times even decreacing in force with deflettion, A
constent force haed previously been achieved with dezd weights oz
intricate cam or lever systems, Neg'ator iz 2 trade name petented
by the Hunter Spring Co. of Lansdale, Pa. that febricates this item, -

Principal features of this spring arve;
1. Flat. force - deflection curves

2. Extrem=ly long deflections, or extensieons, up to 50 times
the length ¢f the criginal gpring

2

3. Ability to ast williout losses arcund corners
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4, High initial foxrce

5. Abllity to store and deliver twice &z much enezgy &5 @ coomon
coil epring of the gzme initial wvolume,

The flat strlp of metel is prestressed so that it posszesszes a2
strong naturel curvature, and force must be exerted to straighten it,
The spring sradient may be varled by the smount of prestress spplied
to each sectlon.

The veriasbles that affect spring force are;

1. Modulus of elesticity

2. Thickness of strip material

3. Width of strip matexizl

4, Nstﬂrai radius of curvature

This type of spring wzs trded as a magezire follower epring, .

for rifles, end as a drive spring for the T148 =nd TI148EL senmi- =2
automatic 3-ghot 40mm grensdg lzunchess.

- Muzzle Davices

In the firing of & typlczl small arms cartridge, up to 427 of tle
potential energy of the propellant 1s exhsusted at the muzzle. The
topic of this subject will be on methods and devices utilized to either
take adwvantage of this erergy ¢y te control it,

Items of mechanical hardwsre, such as front sights, bipods, bayonsts,
grengde launchers,; etc. are woutine in nature &and need pot be covered
in detail, Crenade launchers szre usually powered by blank cartridges,
and the grenade weight cguses the gas pressure level in the bore to be
maintained 2t a higher level £ & much longer perilod of time, therefore,
for gas operated autcmatle weapone; the power delivered to the operating
rod is pubstentlaily higher. In the M14 rifle this is controlled by =
closure valve that-blocks ¢he ges orifice when grenades are to be launched,
In the Ml rifle, the grersde launcher body includes a solid pin that
cpens & velve on the gas cylinder plug, therehy eutcmatically venting
some of the gases. Recodl impulse fo the wezpon structure, particulsarly
the stock, barrel;, end recelver iz glso.high.

Conversely, for firiog blank cartridges (without launching grenades .
or other missiles) the bore pressure ie exhausted a2ll too quickly to pewer
the sutomatic weapon, e¢ & "blemk firing atizchment" is added to the
muzzle. In its eimplest form, this is a muzzle cap with an ¢rifice that
restricts the cutflow of geeee. Blank firing attazhments are usually
colored bright vred with 2 flag sectilon visible along the zight line for
gafety purpozes. It must be zemoved when firipg bell smmunition, or the
weapon will be severely damaged.
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The importsnt consideration in attaching = beyunet to tPa muzzle 18
the effect upon accuracy, as well as stxength., Accurzcy firings with
and without & bayonet attached show a dafiu_&e change in the center of
impect, due *o the eccentric maszs loze fits ere pf zdded impertance.
The bayonet.latch should be c,nu“,1e4 go that {t cennst be insdvertznt-
ly relsased when sparring. Barrel ctrength should be adequzte ts sustain
severe thrust and chop lozds via the bayonet,

While cn the subject of muzsle and tarroﬂ, a discusslon of barrel
1emgth will be followed by muzzle devices, such &g muzzle boosters,
flzsh hiders, eilencers, and of most intcvest muzzle brakes,

Barrel Length

The longer the barrel is in propertiocn to tha bullet diamet&r,
the lepg powder will burn at the muzzle. The .256mn Jap rifle with
31.4 inch barrel offere practically no £lash and lﬁttla ema e becauss
powder burning is essentially completed befeve the bullet rezshes
the, muzzle, Tests conducted. of & 36 inch cal,,.30 barrel (M2 bsll
ammunition) shew ebsclutely no flash and little emoke, Of couzee,

a hot gun incresses flash, znd not even a 40 In:h barral was effective
in eliminating f£lash, when firing long burats,

Barrel lengths do not very widely among edmmercial as well es
m*liuduy medels, Theyvsually conform to an ¢riginal barrel length
used in stendardizing the cartridge, Of course, berrel length in
handgune vary widely, erd this is due to the intended use of the gun.
Target models requive.s long sight radiue, police models require
lightress, and concesled weupons shortness. Velocities sre not sig-
nificantly effscted;, 2 6 inch cal,,38 barrel belng 3 to 5% higher in
velooity then & 4 inch berrel, end 107 higher than a 2" barrel,

t eeveral inches) 13 quite asmall,
s, such a8 tolerance in land

weagure, ete. The only reliable
19ngth on muzzlu ve*n:itv

For rifles, the loszs in veloelty (fo
gnd can be overshadowed by other varia
end groove, pewder temperature, powde
methed of measuring effast of b::re
is to teke one bexrel, ehd using ca:
game lot of smmunitlon, measure the v_locity of & 94m€1e (at le

32 rounds) then cut .the brzrxel u‘f ar inch (for example) at 2 time.
This data should also confirm the interder ballisites theories formus
lated for that cartridge.

A typical tszhle 2f m Ic velecities verens length of barrel is
given as followa:



Barrel Length .270 Win., 150 gr. ,30-06 180 gr. .300 Szvage 150 gr,

24 2800 2700 2670
23 2770 2690 2655
22 2740 2675 2640
21 2705 " 2660 _ 2620
20 2670 2640 2600
19 2635 2670 2575
18 2595 2590 2550
17 2550 . 2560 257
16 2505 2525 2490

Shotguns, 12, 16, and 20 geuge were found tec lose velocity
“lineerly by 7 feet per second per inch, from a length of 27 in. to
20 in. : .

While we are on the szubject of effect cof barrel length on muzzle
velocity, it would be well to discuss other fsctors that affect muzzle
velocity. One particulsr facet is the constant demend for higher
_performance, in this case, a higher velocity.

Consider the question, '"What is the limiting veloclty cbtainsble
in the small arms class?" ©f course, this means incressing the charge/
mass ratio to unusuaily high levels. Theoretically the absclute
upper limit is approx. 13,000 feet per seceond.. However, & number of
penalties would have to be paid te achieve this., (For nitro-cellulose
powder, it is approx. 9100 fps.)

An experiment was conducted to determine the effect of changing
the charge/mass ratio upon muzzle veloeclty, To assure nezr-instanta-
neous and ccmplete powder burning the gzains were ground to & fine
dust. (This is normally 2 dangerous practice). Prescures were in
the crder of 100,000 pei, end for high ¢/m retioe, extremely small
buliets were used.

Accordingly, tke follewing table was compiled:

(Note how the ratlo of powder weight increase compaveées with the
rate of muzzle velocity increase,)

o/m Ratio Muzzle velocity
(upper limit

S 2600 fps
3 3000 f£ps
.8 4200 fps
3.2 6400 fps
5.8 7400 fps
11.0 8000 fps
22.9 9000 fps
44,0 9200 fps
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Then, taking a typiczl commercial cartridge to cerrelate powder
burning rzte with ¢/m retic ve., m.v.,

Powder c¢/m PATIO 0

Fast burning 295 2800
Med. burnivg 307 2800
Slow burning 347 2800

Ag a prectical example of extreme velocity effects; a clsssic
example is the so-called Paris Gun of World Wax I. ”E*_Ce:mrn; vere
bogged down on the Hinderburg line 75 miles from Paris, and developed
three semples for the puwrpose of epreading panic among the civilians.
These were reconatructed 15 inch 45 callber artillerzy pleces tubed
down to 8.26 inches. It is reported that thes projectiles were wziat
high and the powder bzgs per shot twlce asz high az a man. The gun
wes set at 509, fired st & muzzle velocity over 5200 £pz and went
about 12 miles up, go thet epprox. 3/4 of the trajectory was in nezrs
vacuum,

One gun blew up, and the other two soon wore cut, to be re-bar-
relled., A total of 200 rounds were fired. :

Summaizizding the three methods of echieving high velocity:

(1) Use of light projectile; Thise ia inefficient due to the
extremely poor ballletic coeificlent.

(2) Usze of lomg gun with lezge powder charge: The bazrel tube
iz too long to be practical, with sericus barrel ercsion,
high pressures and recoll.

The retio of bullet mass to gun volume must be smdli, end

reviewlng the interilcr balllstics theory that the muzzle
energy 18 equal to the work done on the pmoJectile,

(P avg) X AL +-1/2 m V2

A = bere aresz
L = barrel length

P avg. = mean bore pressure

, 2P =2
e mf

The emsller the m{Vgq ratio, the higher the velocity,
Vo = Bare volume

(3) This brings us 2o the third methed of schieving a kigh

velocity, that of a small caliber proiectile in 2 lswge
caliber gun, made possible by Laing a sabot of lightweight
...;..chla
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One method of removing the sabot at the muzzle iz by using

a muzzle attachment called a “stripper'. The bore 1z smooth,
but the stripper iz a short length of rifling, that imparts

a spin to the segmented szbot, centrifugal force causing it

to break apart evenly. Alloys of exctic metals are required
for strippers of any endurance. The stripper length is approx.
4 to 6 calibers long,

Muzzle Booster

Muzzle boosters are used in recoil operated weapons to augment
the energy delivered to the recoiling mass. For a conventional recoll
cycle, the recoil mass is accelerated rearward while the projectile is
accelerated forward. If the recciling maszs is too heavy, it will not
have enough energy to complete the cycle satisfacteorily for all firing
conditions, particularly in adverse conditions and fn extended firing
schedules, ;

0f course, the weight is necessitated for strength and "heat sump"
purposes, so a muzzle booster is inccrpovated into the barrel jacket which
is fixed to the weapon receiver or frame, and dees not recoil with the
barrel., It traps muzzle gases just as the projectile exits, sc that
the pases impinge between the capped end of the barrel jacket (mizzle
booster) and the barrel muzzle face, thus adding to the recoil impulse,
In this way, some of the excegs energy that nozmally escapes at the
muzzle is trapped and put te werk. Critical dimensionz include the
following:

A. Exit bore diameter, which must not interfere with maximum bullet
yaw angle, nor be too large. '

B. 1Inboard length, which muet-&gmpaﬁsate for increase'in.barfel
length due to thermal expansior in prolonged firing,

C. Barrel 'bearing dizmeter, which should not be too emall, thus
binding when barrel muzzle expande thermally, nor should it be large
enough to permit excessive bazrel ve. jacket mis-alignment during muzzle
vibration, causing interference of bullet with dia, "A",

D. -Thickness of jacket; to pravide tensile strength sufficient
to resistetrain caused by gas pressure acting on booater cap, without

being overwaight.
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Ature and pressure

Muzzle flzsh iz caused by excessive temparatu
of muzzle gases, A number of chemical zdditives heve been added
flas « Mozt have been

galts of alkzli metals. The moet effectiv

,
to the p*ope¢1=mt to reduce the tendency to
&
the most commonly used are salts of pnhuaci

i
ze degiom lodide, but
or potazsivm ;ul‘&ta.

Mechanieal flach suppressors are most effective. A cone typé
flesh hider was first used, but i{s limited in effective flezsh sup~
precsive action. The average cone type flash hider has a 12.to 18D
included engle, and a length uf 3 to 6 ithEu. (7 .62mm)

The bar type flash suppressor iz most effective in the manner
that the gases expand through the slote, breaking up the contimuity
of the flew, thus preventing shock formation. An odd pumber of bars
is ugually necessary, and the end of the slot nearest the muzzle is
at right angles, because gas increazesa in valocity when it turma at:
right angles, externally, miking quicker with the air, for s cooling
effect. 1
The width of the bsr is slightly wider (appzox. .02 inch) than
the slot opposite it, on symmetricsl designe. For rifles, the lower
ber is usually wider, in order that it may function &s compensator
in reducing muzzle clilb. '

The slot area faclmg the bore should be at lesst 20 timezs the
bore area., The suppressor i3 usuvzlly open-ended, except con ground
weapons, in which & closed end I3 vsed to prevent brush-gpearing
discimiort. '

Silencers - ' .

The uge of silencers is ususlly limited to low powesred weepons,
A silenced weapon haa adv;nt&ge: ot certaln applicatione where firing
is necessary withour revealing one's poeition,

The principle of & sllencer is simllar to that of an zutomobile
muffler, in which the energy of the gases is reduced by an expansiocn
chamber and baffle system, Silencers sre usually cylindricel in shspe
and project fn front of the barrel az well &s zround it, The weight
and bulk incressesg s & function of the dsgres of noalse suppression.
That is, there may be & compromise between silencing send volume,

¢ completely .

Only projsctilass traveling at sub-sonic velazitles can b
sllenced, since a *njnhtii at supersonic veleclty sets up & shock
wave ia the etmosphers, creating a shsrp cracking sound along the tra-

11 the velocity drops ta sub-zonic.
can be aileuced, and, ¢f course,
u:t withatand the muzzle poessure.
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Silencers are usually fitted to weapons with fixed barrels. This
418 because the weight of a recolling primary mess with/without the
silencer would vary toe greatly. In this ecace, the silencer eould be
mounted on 2 non-recoiling barrel jacket. '

The cenmon revolver cannot be complietely silenced due to the gas
leakage at the barrel/cylinder interface.

One typicallsilencar igcshgwn in diagrem A,

An initial chzmber allows muzzle blast to be reduced and the
following smazller ones dissipate gas energy, so that nolse ls reduced.
The bullet hole should be as smsll as possible commensurate with bullet
yaw, In scome cases a self-sealing rubber pad is inserted, but this
eventually burns, and is limited to & few rounds before replacement,
if desired.

The muffler, or silenmcer, wlll act as a muzzle breke, become
overhezted in extended firing, and requires frequent cleaning,

In-diagrem B the shaxp muzzle blast peak le¢ reduced; being vénted
about &n additional baffle, Muzzle velocity 1s not appreciably changed.

In order to reduce velocity of standard superscnic rounds.(to
evold specilal zmmo) some cf the gas may be exhausted into an expanmaion
chzmber. For example, iu dlegram C the 9mm Parabellum cartridge
(m.v.1330 fps) could employ. this system for optimum silencing.

By law, silencers are not permitted on-commefcilal weaponz, but
certaln types of "sound moderators" ‘may be avallable,

The noise level atteined can be measured by & milcrophone connrected

to & cathode ray oscillograph, with photographs taken of the sound
waves .

Yuzzle Trake

A muzzle brake functioms to reduce rvecoil effects by trapping
geg at the puzzle and causing a forwazrd impulse to act on the weapon,

Usually & serdes of baffles are formed In a muzzle breke aso that
the geses paee through and are diverted to the »ear,

The gasea should not be completely reversed or 2 blast wave may
rezch the shooter's face, eyes, or ears. The ports should be sym-
netrical, so that the gun is not turned, =nd ghould not be directed
downwaxd where they would raiss a dust cloud. A muzzle brake can
aleo be dntegrated with a2 compensator, to keep vpward muzzle jump to
a minimum, i '
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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
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