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1
This invention. relates to -automatic  weapons
and-is:more particularly concerned with new.and
improved: mechanism for balancing:the recoil.of
cyclic firing guns, whether they be-of .a-single-or
a multiple barrel vatiety.

! Heretofore many:-attempis have. been.madeito
provide means . for -eliminating .or .at: least: sub-
stantially. reducing. the vibration attendant upon
the . operation -of -automatic weapons,.both :large
and. small, including: shoulder -weapeons of the
submachine. gunclass -as: well - as large - caliber
machine: guns which’ must vbe “held -on -various
types of fixed'mountings. : So far:as. I'anr-aware,
most-solutions which:have -been:propesed: operate
upon the theory of snubbing the recoil from each
shot, without regard to. the. cyclic. nature: of. the
weapon. i Thus, the. Cutts compensator tends to
reduce the : reeoil - attendant -upon :-each: shot.
Similarly the ‘mounting:of: the weapon: upon. &
very ‘massiverbasis tends. to reduce the:gffect of
vibrations by taking up:the reaction:tc each shot
i the inertia of.a very heavy body.

-While:these’ various: expedients-have been ef~-
fectivein greater and lesser:degrees;-it-has:been
evident for many years that there:was:ample
room ‘for. further improvement. : For: example,
in” all automatic weapons: presently-in use which
hdve.come: tormy: atterition the imuzzle tends. to
rise and whip:during the firing: of a’ fully: auto-

matic:burstleading to inaceuracy and difficulties ¢

of: control, particularly.of shoulder weapons such
as ‘the standard 45-ecaliber Thompson machine
gun. vThe accuracy of thisparticular gun is fur-
thersimpaired - because the bolt. moves forward

and.lpads a cartridge into the chamber after the 3-

trigger is pilled,:and this-factor:further adds to
the:less-of accuracy due td the:tendeney: of the
muzzle to rise during fully automatic: fire. &It
is. clear.to-all those experienced :in. the handling
of ‘this type of weapon that: although the recoil
against.ithe shoulder ofithe -userwis: relatively
negligible, .the recoil rediicing. means employed
has done little if anything to increase.aceuracy.

. Furning now from shoulder weapons; many.of
the.same! eonsiderations: are-applicable to-heavy
machine guns. -FThus; even when: firmly anchored
down ‘with isand: bags; ‘the :Browning .caliber: .30
machine gun:will: tend to rise quite -arkedly in
firing: 0f ;any. burst: partiewlarly i e operator
tries ‘tothold::thesgun’down by the-bistol : grip.
Furthermore, “with -these ‘weapons :of * higher
power, including-the’50.ealiber-machine gunand
larger; the:problem of-providing suitable: meunt-
imgs:to cushion: the*large vibratoryforces created
by.«the reeoil became very rimportans. T Invofder
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to .damp-such forces, the mountings must:be
rugged - and -very heavy, thus not only inereas-
ing the cost  but likewise reducing : portability
and hence the- effectiveness of the -wegapon for
military uses. Where problems of -weight are
concerned, as in military aircraft, the-exceedingly
heavy-mountings reduce the range and payload
of the airplane.

“The principal object -of the present: invention
is:to ;provide a-novel and:simplified balancing at-
tachment for cyclic firing ;guns for::oyercoming
most, if-not all,.of the foregeing shortcomings.

: Another. object of the invention is:to provide:a
dynamic. balaneer .of the: type described which
makes obsolete the:older snutbbers:and compen-
sators, and which:makes it possible greatly. to re-
duce the weight:of the:carriage:in which the gun
is mounted.

+Stilt-another :objeet of the invention is to:pro-
vide .a- dynamicbalancer: of the: type. deseribed
which.-will: tenid: to improve the:accuracy:of the
automatic weapon to which it is:applied.to a very
marked“degree.

* Yet another -object of the invention:is-4o pro-
vide a dynamiec-balancerwhich is> applicable to
multlple Jarrel eyelie #iring guns as-well.as: to
these having a single barrel.

In - aecordance: with'the. invention. I mount .a
weight on-the-automatic gun'in such:a manner
that it is free to:slide back and forth-generally
in ‘the direction of the line of ﬁre, and preferably
symmetrically: arranged:with respect 4o the bar-
rel or system of barrels-of the:gun. ~The: we1ght
is- resiliently- coupled to' the- sgun- by ‘means- -of
a: spring, “The gun for the purposes of the ‘in-
vention s’ cons1dered as a single mass resiliently
coup;ed ‘through' the spring: to* the weight, and
kenece thethree together constitute a spring-mass
vibratory: system, energized by the recoil of ‘the
gun-and-capable of pre-adjustment or-tuning in
the ‘field 5o as-te-have a natural period of vibra-
tion" corresponding - to the rate of ‘fire. * Urnder
these conditions the weight, which-represents
only a small fraction of the weight-of the: gun,
rempmcabes at the same frequency but in oppo-
sition to the movement of the gun itself. Thus,
When the gun is moving to‘the rear, the Welght
will be mevmg forwardly agamst the force of the
spring and- viee versa. "By appropriately select-
ing the mass of the- movmg weight and* the stlﬁ-
ness-coefficient -of ‘the spring -in. relatlon to the
mass of the gun, I anr able to create.a resonant

system in which the weight moves back and forth
with considerable amplitude while the amplitude
of motion of the gun-becomes negligible,
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Conveniently, with single barrel guns, the
weight, according to the invention, may consist
of a ring mounted to slide back and forth on the
barrel. A simple helical spring, surrounding the
barrel, is attached to the weight at one end and
to a portion of the barrel or receiver at the other.
Preferably, I provide means for adjusting the
length of the spring after installation so as to
permit tuning in the field to the resonant ire-
quency of the system.

Where multiple barrel weapons are involved,
according to the invention, preferably I mount
the balancing weight at a location at the cen-
ter of symmetry of the vibrating system. In
other words, generally speaking, the weight
should always be disposed so as to vibrate in a
line which is not only parallel to the axis of the
gun barrel but symmetrically arranged with re-
spect thereto and, in weapons having more than
one barrel this line should be equidistant from all
barrels so that there will be no torsional effect
upon the same by reason of the movement of
the balancing weight. Thus, where the gun has
two barrels, the weight may conveniently be slid-
ably mounted upon a shaft located midway be-
tween and parallel to the same.

Still further objects, advantages and features
of the invention will become apparent from the
following detailed description of preferred em-
bodiments thereof taken in connection with the
gecompanying drawings in which

Fig. 1 is a side view, partially in section, of the
barrel portion of a single barrel automatic weap-
on showing the novel recoil balancer of the in-
vention mounted thereon; and

PFig. 2 is a plan view of a double barrel machine
gun showing the mounting of the novel balancer
between the two barrels.

Referring first to the embodiment of Fig. 1,
the barrel of the weapon, which may be, for
example, a shoulder type sub-machine gun or a
.30 or .50 caliber machine gun, is indicated by
the number #0. Mounted to slide on the barrel
is. a generally cylindrical weight (2 having a
central bore i4. The outer surface of the barrel
19 is adapted to fit within the bore 14 to permit
relatively undamped reciprocation of the weight
12 in the direction indicated by the arrow. At
the rear end of the weight {2 there is a cylin-
drical extension #6 of reduced external diameter
which is externally threaded, as shown, to hold
the end coils of a helical spring 18 which also
surrounds the barrel 10 and has its opposite end
attached to a sleeve 29 which is located near the
receiver end of the weapon. This sleeve 20 is
provided with g helical groove 22, also adapted to
receive coils of the other end of the spring I8.
Preferably, the groove 22 is of greater length than
is theoretically required by the construction to
permit tuning adjustments in the field. Also
preferably, the sleeve 20 is provided with a notch
or marker 24 which may be used as a reference
point in tuning.

Under ideal conditions of operation of the em-
bodiment of Fig. 1 according to the invention,
the natural period of vibration of the spring I8,
mass 12 and gun will correspond to the rate of
fire of the gun. Under such conditions the
weight (2 will move toward the muzzle of the gun
while the barrel 10 is moving to the rear but
with much greater amplitude, as indicated by
the laws of motion. By Hooke’s Law for one-
dimensional motion we know that

F'=kx
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where z is the change in length of the spring
from its normal length by reason of the relative
movement of the parts, k is its stiffness coeffi-
cient, and ¥ will be the force which the spring
exerts at its ends. Further, we know that the
force exerted by the smaller mass 12, accelerat-
ing through a greater distance, will balance the
corresponding force exerted by the heavier mass
of the barrel and other members accelerating in
the opposite direction but with less amplitude.
If the mass 12 is sufficiently small with respect
to the mass of the barrel 10 and associated parts,
then the motion of the mass 12 will be relatively
large and the motion of the gun will be vir-
tually negligible. I have found that, generally
speaking, the ratio of the mass 12 to that of
the gun should be not greater than approximately
1:5. It is evident, for example, that if the
masses were the same (a ratio of 1:1) the am-
plitude of motion of each would likewise be the
same, thus defeating the purpose of the balanc-
ing system. On the other hand, if the ratio of
mass of the balancing weight {2 to that of the
gun is made too small, the necessary amplitude
of motion of the balancing weight would be ex-
cessive for a practical device. Therefore, it is
possible to give purely practical (but not theoreti-
cal) limits of this ratio as approximately from
1:5 to 1:20. A ratio of 1:10 yields good results.

From the foregoing principles, which have been
only briefly outlined since they may be found
in standard works on mechanics, it will be evi-
dent that the required mass of the weight 12 and
the stiffness coefficient of the spring 8 may be
calculated accurately by an appropriate mathe-
matical treatment. However, in practice, I have
found a simpler method yielding accurate re-
sults without involved computations. Knowing
its normal rate of fire, the gun itself is attached
to a suitable vibrator (a number of which are
readily available on the market) and caused to
reciprocate at this normal frequency linearly in
the same direction it would have if firing. The
amplitudes of vibration of the mass {2 and gun
may then be observed by means of a stroboscope
or other suitable instrument. The stiffiness co-
efficient of the spring 18 is adjusted by turning
it in the groove 22 until the amplitude of the
mass {2 is at & maximum and the amplitude of
the gun at a minimum. The position of the
rearmost coils of the spring may then be marked
with reference to the reference marker 24 and the
spring may always thereafter be adjusted to that
point without further experimentation. During
the compression and tension of the spring, its
diameter decreases and forms a very secure
method of fastening upon the projection 16 and
the sleeve 20.

This experimental method of tuning obviates
certain theoretical difficulties which might arise
in calculating the values mathematically from
the acceleration of the bolt and other working
parts of the gun.

Turning now to Fig. 2, £ have there shown a
twin barrel machine gun having barrels 30 and
32 spaced from and parallel to each other. The
balancer of the invention is mounted midway be-
tween the barrels 38 and 32 by means cf a shaft 38
held on brackets 34 and 3% which span the dis-
tance between the two barrels, one near the
mugzzle and the other near the breech. Shaft 28
is held parallel to the barrels and the weight 40
is adapted to slide thereon. The weight 40 has
a forward projection 42 which is spirally grooved
(like the projection 16 in Fig. 1) to hold the end
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eolls of :a helieal :spring 44 which suirolinds the
shaft 38 ‘and ‘whose front chd is attachsd dn ke
manner to-a stud 46 extending ‘reurwardly -from
the bracket 38. The-stud 46 has b helidal groove
48 «corresponding o ‘the igroove 22 in the surface
of the gleeve 26. ‘This stud:also. is provided ‘with
a ‘notch or ‘marker 59 “which -is ‘used s @ ‘refer-
Enee point in -tie sante fnanner jas the reference
point 24 for 4uning in the:wther embodiment.

It 'will ‘be ‘observed ‘that in - Fig. 2 ‘the dyhgmic
balancer:of ‘the invention is located atithe cénter
of symmeétry ‘of the wibrhtitig :system :se s to
avoid the production of torsional forces which
would tend 4o furn ‘the barvels off the target.

While I have:so far :deseribed the Yalancesr of
the invention -athached directly to the barrel of
barrels of the gun,:itis:evidenit that such speeific
attachment is :not essential ‘to $he iproper furic-
tioning iof the device under some -conditions.
Thus some automatic weapons @re irecsil oper-
ated by ‘movement ‘of ‘the barrel relative 4o the
receiver and such movement, often of ‘siibstan=-
tial amplitude, is sessential 4o the .proper func-
tioning of the gun. Inisuch:ieases the advantages
of the invention may-also:be dttgined by coupling
the recibrocating balanecing weight not directly
{0 the barrel but to some portion of the statisn-
ary :receiver -or -carriage :in which the ‘barrel :is
mounted. In Fig. 1, if we .consider the barrel {0
free to slide within the sleeve 28, the latter be-
ing attached directly to a forwardly :projecting
portion 21 ‘of the receiver, these iconditions may
be considered to obtain. In:sich a construction
$he needed ‘movement of tke barrel 0 is uhim-
Ppaired, but any sympathetic movement of *the
receiver carriage, ete. of the izun ‘is balanced by
the -oscillating ‘weight 12.

I have found that themovel ‘dynaimic balancer,
ageording to the invention, may be adapted for
use upon ‘a Vvariety 'of predent day automatic
weapons provided their rate of fire remains rea~
sonably .constant. Vibration, recoil ;and ‘tend-
ency of the barrel to whip ror yise in :shoulder
weapens is‘enormously redaced-and ‘accuracyicor-

respondingly improved. Onthe:other hand with 4:

some types of heavier :machine :guhs, 'such ws
those mountedin airplanes, savings of ‘weight of
the order-of 500 to 1,000 pounds may be wxpected
since the carriage meed no donger :absorb any =
tense vibrations.

While in the foregoing disclosure ‘I ‘have
pointed out eertain scientific theories of ober-
ation, such as treating the whole igun as ia single
maess 4n setting up my resonant system while

ignoring factors wof -acceleration of parts within 5

the-same, I do not Hmit myself to any particular
scientific explanation of the phenomena ‘in~
volved. In practice, 1 have found that the ‘ad-
vantages of the intvention may be weadily at-
tained by following the teachings “which -I have
Herein set out with the exercise of only the ordi-
nary skill :expected of :competent enginsers.
While I have herein aiso ‘disclosed and de-
scribed only a linear mode 'of vibration for the
weights 42 and 40 parallel 4o the line :of fire and

symmetric with respect thersto, :it is meverthe- .

Jess clear that'equivalent viligatory systenis might
be contrived ‘employing inasses ‘oscHlating ‘&t
amngles to :the principal «axis 'or in arcuate paths
aut whose resultant forces could be made to op-
erate in the desired direction. Furtheimore, it
will be recognized ithat the ihvention is ot lim=
‘ited to the specific helical :spiing shown and :de
:iseribed and that-other equivalent:springs 6t resit-
i#ent ceuplings may ‘be found suitable for e i
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my ‘dynamic ‘balancer, the ‘word “spring” being
used in‘a:generic sense, unless-otherwise ispecin-
cally limited, in'this specification and the-clxiwms.
Accordingly, I -do not wish ito ‘be lithited in +he
present application to the :specific erabodiments
hergin shown, -since it ‘is ‘evident that ‘vericus
modifications and chanhges, some ‘perhaps Tess
efficient, may be made by thoseiskilled in the st
nevertheless employing ‘the principles 6f *the ‘it~
vention and within -the :spirit and ‘scope “of ‘the
appended -claims. :

I-claim:

1. In combination with a -cyclic firing wun, ia
dynamic recoil balancer .comprising ‘a weight 0f
predetermined mass, said -mass representing (hly
asmall fragtion of the mass-of $aidgim, mount-
ings for mounting :said weight on said gun For
undamped reciprocatory ‘motion ‘relative thereto
generally in the direction of the line of fire, and
a spring -connecting said weight o said ‘giin, B5id
weight, gun -and ‘spring constifuting & spridg-
mass vibratory system energized by the redoil .of
said gun -and having a mnatural period sof vibra-
tion corresponding $othe rite of firethereof With
said weight and said -gun reciproeating ‘at the
same freguency but in dpposition -to ‘sach ‘other,
the -amplitude of ‘motion of said weight being
substantially -greater than the -correspondinig
amplitude of said gun.

2. Apparatus in accordance with :claim 1 s$n-
cluding ‘mechanism for -adjusting the Stiffhess
coefficient of :said spring for tuning said ‘system
to. resonance.

3. In combination with a cydlic Bring BUR, A
dynamic recoil balancer tomprising a ‘weight
slidably mounted -on the barrel -of ‘said ‘gin Tor
relatively undamped Jongitudinal reciprocatory
motion relative thereto,said weight having s pre-
determined mass representing only  :stagll frac-
tion of that of 'said .gun, & spring having a Pre-
determined stiffness -coefficient ‘conitecting ‘one
end of said weight o said gun, said weight, giin
and spring constituting a spring-mass vibratory
system energized by the recoil ‘of said :gun and
having a natural period -of vibratioh correspond-
ing b0 the rate of fire therenf with said ‘weight
and said.gun reciprocating at the shme frequdrey
but in-opposition fo edch Gther, the aiplitude of
motion of said weight heing substantinlly wreater
than the corresponding amplibude '0f said iguh,
and a device for adjusting the léngth of said
spring for tuning :said system to resonance.

4, Incombination With a thultiple barrel, ¢yetic
firing ;gun, a -dynamic recoil balancer comprising
a weight of predeterinined ‘mass wrepreserting
only a small fraction of the mass of said wwm,
mountings for mounting waid weight on szid igun
in @ position symmetrically betiveen its barrsls
for undamped reciprocatory motion celsibive
thereto generally in the direction ‘of ‘the line :6f
fire, :and -a spring conirecting said weight to.said
gun, ‘said weight, :.gun and Spring constitutidg
spring<miass vibratory systein energized by the
recoil of said gun and having a natural period ‘of
vibration corresponding to the rate of five thereot
with said weight and :said gun reeiprocating iat
the same -frequency ‘but in .opposition o .sach
other, the amplitiide of motion of said weight
being substantially greater than the ¢orréspénds=
ing amplitude :of said gun,

5. Apparatus in ‘accéordarice With claim 4 -
cluding mechanism for adjustitig ‘the &tiffiiess
coefficient of said spring for tunihg 'said system
$0 Tesonanee, )

6. In combination ‘with a ‘e¥cHc firihg gy, &
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dynami¢ recoil balancer comprising a -weight
having a central bore, said weight being slidably
mounted by means of said bore on the barrel
of said gun for relatively undamped longitudinal
reciprocatory motion relative thereto, said weight
having a mass representing only a small fraction
of that of said gun, a helical spring surrounding
said barrel and having one end affixed to said
weight and the other end affixed to a portion of
said gun, said weight, gun and spring constituting
a spring-mass vibratory system energized by the
recoil of said gun and having a natural period
of vibration corresponding to the rate of fire
thereof with said weight and said gun recipro-
cating at the same frequency but in opposition
to each other, the amplitude of motion of said
weight being substantially greater than the cor-
responding amplitude of said gun, and mecha-
nism for adjusting the stiffness coefficient of said
spring for tuning said system to resonance.

7. In combination with a cyclic firing multiple
barrel gun, a dynamic recoil balancer comprising
a shaft mounted near the center of symmetry cf
said barrels and parallel thereto, a weight having
a central bore slidably mounted by means of said
bore on said shaft for relatively undamped longi-
tudinal reciprocatory motion relative thereto,
said weight having a mass representing only a
small fraction of that of said gun, and a spring
connecting said weight to a portion of said gun,
said weight, gun and spring constituting a spring-
mass vibratory system energized by the recoil of
said gun and having a natural period of vibra-
tion corresponding to the rate of fire thereof
with said weight and said gun reciprocating at
the same frequency but in opposition to each
other, the amplitude of motion of said weight
being substantially greater than the correspond-
ing amplitude of said gun.

8. Apparatus in ‘accordance with claim 7 in-
cluding mechanism for adjusting the stiffness co-
efficient of said spring for tuning said system to
resonance.

‘9. In combkination with a cyclic firing gun, a
dynamic recoil balancer comprising a weight hav-
ing a central bore slidably mounted by means of
said bore on the barrel of said gun for relatively
undamped longitudinal reciprocatory motion rela-
tive thereto, said weight having a mass repre-
senting only a small fraction of that of said
gun, said weight also having a cylindrical pro-
jection at the rear end thereof and said barrel
having a corresponding cylindrical sleeve there-
on, said projection and said sleeve having ex-
ternal spiral grooves, and a helical spring sur-
rounding said barrel with one end gripping said
projection and the other end gripping said sleeve
by means of said grooves, said weight, gun and
spring constituting a spring-mass vibratory sys-
tem energized by the recoil of said gun and hav-
ing a natural period of vibration corresponding
to the rate of fire thereof with said weight and
said gun reciprocating at the same frequency
but in opposition to each other, the amplitude of
motion of said weight being substantially greater
than the corresponding amplitude of sald gun.

10. Apparatus in accordance with claim 9 in
which said spring is arranged to be rotated in
said grooves for adjusting the length thereof
and thereby adjusting its stiffness coeflicient for
tuning said system to resonance.

11. In combination with a cyeclic firing double
barrel gun, a dynamic recoil balancer comprising
a pair of longitudinally spaced brackets con-
necting said barrels to each other, a shaft
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mounted on said brackets midway between said
barrels and parallel thereto, a weight having a
central bore mounted by means of said bore on
said shaft for relatively undamped longitudinal
reciprocatory motion relative thereto, said weight
having a mass representing only a small fraction
of that of said gun, and a helical spring surround-
ing said shaft and connecting one end of said
weight to one of said brackets, said weight,
brackets, shaft, gun and spring eonstituting a
spring-mass vibratory system energized by the
recoil of said gun and having a natural pericd of
vibration corresponding to the rate of fire thereof
with said weight and said other members recipro-
cating at the same frequency but in opposition
to. each other, the amplitude of motion of said
weight being substantially greater than the cor-i
responding amplitude of said gun.

12. Apparatus in accordance with claim 11 in-
cluding mechanism for adjusting the stiffness co-
efficient of said sprmg for tuning said system to
resonance,

13. Apparatus in accordance with claim 12 in
which said mechanism comprises a sleeve on said
shaft and a cylindrical projection on said weight,
said projection and sleeve having helical grooves
receiving some of the coils of said spring, said
spring being adapted to be turned in said grooves
for adjusting the length thereof.

14, In combination with a cyclic firing gun
operated by relative motion: of the barrel and the
other parts of the gun, a dynamic recoil balancer
comprising a weight attachable to said gun, said
weight having a mass representing. only a small
fraction of that of said gun, mountings for mount-
ing said weight on said gun for relatively un-
damped reciprocatory .motion relative thereto
generally in the direction of the line of fire, and
a spring connecting said weight to one of said
other parts of said gun, said weight, gun and
spring constituting a spring-mass vibratory sys-
tem energized by the recoil of said gun and having
a natural period of vibration corresponding to
the rate of fire thereof with said weight and said
gun reciprocating at the same frequency but in
opposition to each other, the amplitude of mo-
tion of said weight being substantially greater
than the corresponding amplitude of said other
parts of said gun and the relative motion be-
tween said barrel and said other parts belng
unimpaired.

15. Apparatus in accordance with claim 14 in
which said weight is slidably mounted on said
barrel and said gun is provided with a sleeve in
which said barrel is free to reciprocate, said sleeve
constituting the part of said gun to which said
spring is connected.

16. In combination with a cyclic firing gun op-
erated by relative motion of the barrel and other
parts of said gun, a dynamic recoil balancer
comprising a weight having a.cenitral bore, said
weight being slidably mounted by means of said
bore on the barrel of said gun for relatively
undamped longitudinal reciprocatory motion
relative thereto, said weight having a mass repre-
senting only a small fraction of that of said gun,
said gun having a sleeve surrounding a rearward
portion of said barrel and in which said barrel
is free to reciprocate, a helical spring surrounding
said barrel and having one end connected to said
weight and the other end connected to said sleeve,
said weight, gun and spring constituting a spring-
mass vibratory system energized by the recoil of
said gun and having a natural period of vibration
corresponding to the rate of fire thereof with
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sald weight and said gun reciprocating at the Number
same frequency but in opposition to each other, 1,763,064
the amplitude of motion of said weight being 2,155,130
substantially greater than the corresponding 2,421,858

amplitude of said gun and the relative motion 5
between said barrel and said other parts of said

gun being unimpaired, and mechanism for ad- Number

Jjusting the stiffness coefficient of said spring for 243,786

tuning said system to resonance. 972,202
10
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