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This invention, relates, to automatic weapons 
and is more particularly concerned with new and 
inaproved mechanism for balancing the recoil of 
Cyclic. firing guins, Whether they be of a single or 
a nultiple barrel Variety. 

Heretofore many attemptShaye, been made: to 
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's weapons of the 
Submachinegun class as, Well as large caliber 
machine guns Which must be held on various 
types of fixed in Guntings. So far as an a Ware, 
nostSolutions which have been proposed operate 
upon the theory of Snubbing the recoil from each 
shot, without regard to, the cyclic. nature. Of the 
weapon. Thus, the. Cutts. Compensator tends to 
reduce the recoil attendant upon each shot. 
Similarly the mounting of the Weapon upon a 
very massive basis tends, to reduce the effect of 
vibrations by taking up the reaction to each shot 
in the inertia, of a Very heavy body. 
While these various expedients have been ef 

fective in greater and lesser degrees, it has been 
evident for many years, that there's was: ample 
rooms for... further improvement. For: example, 
in all automatic weapons presently in use which 
have: come to my attenition the muzzle tends to 
rise and whipiduring the firing 3 of a fully auto 
matic burst leading to inaaccuracy and difficulties : 
of control, particularly, of shoulder weapons such 
as the standard .45 caliber Thompson machine 
gun. The accuracy of this particular gun is fur 
ther impaired, because the bolt, moves forward 
and loads a cartridge into the chamber, after the 
trigger is pulled, and this factor further adds to 
the loss of accuracy idue to the tendency 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 ... the shoulder of the user:is relatively 
negligible, the recoil reducing, means employed 
has done little if anything to increase accuracy. 
Tuiring now from shoulder weapons, imany. Of 

thei. Saline considerations. are: applicable to heavy 
anachine guns. Ehus; even when firmly anchored 
down with sandbags, the Browning caliber 30 
machine gun will tend to rise quite; markedly in 
firing of any burst particularly i e-operator 
tries to hold::the gun down by the pistol: grip. 
Furthermore, with these weapons of higher 
power, including the .50-caliber machine gun and 
larger, the problem of providing suitable mount 
ings to cushion the large vibratory forces created 
by the recoil became "very important. Inoider 
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to damp such forces, the mountings must be 
rugged, and very heavy, thus not only increas 
ing the cost but likewise reducing portability 
and hence the effectiveness of the Weapon 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: in Vention 

is to provide a novel and simplified balancing at 
tachment for cyclic" firing guas for overcoming 
most, if not all, of the foregoing shortcomingS. 
{Another. object of the invention is to provide a 

dynamic. balancer of the type described Which 
makes obsolete the older. Snubbers and compen 
sators, and which makes it possible greatly to re 
duce the weight of the carriage in which the gun 
is mounted. 

: Still, another object of the invention is to pro 
vide a dynamic balancer of the type described 
which will tend to improve the accuracy of the 
automatic weapon to which it is applied to a very 
naarked degree. 
Yet another object of the iravention is to pro 

vide a dynamic balancer, which is applicable to 
multiple barrel cyclic firing guns as well as to 
those having a single barrel. 

! In accordance, 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 to the bar 
rel or system of barrels of the gun. The tweight 
is resiliently coupled to the gun by means of 
a spring. The gun for the purposes of the in 
vention is considered as a single mass resiliently 
coupled through the Spring to the weight, and 
hence the three together constitute a spring-naaSS 
vibratory system, energized by the recoil of the 
gun and capable of pre-adjustment or tuning in 
the field so as-to have a natural period of vibra 
tion corresponding to the rate of fire. Under 
these conditions the weight, which represents 
only a small fraction of the weight of the gun, 

: reciprocates 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 weight 
will be moving forwardly against the force of the 
spring and vice versa. By appropriately select 

59 ing the mass of the moving weight and the stiff 
ness coefficient of the spring in relation to the 
mass of the gun, I am able to create a resonant 
System in Which the weight noves 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 fre 
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 Sane 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 en 
bodiments thereof taken in connection with the 
accompanying 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 

Fig. 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 9. Mounted to slide on the barrel 
is a generally cylindrical weight 2 having a 
central bore 4. The outer surface of the barrel 
f0 is adapted to fit within the bore 4 to permit 
relatively undamped reciprocation of the Weight 
2 in the direction indicated by the arrow. At 
the rear end of the weight f2 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 8 which also 
Surrounds the barrel 0 and has its opposite end 
attached to a sleeve 20 which is located near the 
receiver end of the weapon. This sleeve 20 is 
provided with a helical groove 22, also adapted to 
receive coils of the other end of the spring 8. 
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 8, 
maSS 2 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 O 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 
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4. 
where ac 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 F will be the force which the spring 
exerts at its ends. Further, we know that the 
force exerted by the smaller mass 2, 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 2 is sufficiently small with respect 
to the mass of the barrel 0 and associated parts, 
then the motion of the mass 2 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 2 to that of 
the gun should be not greater than approximately 
i:5. It is evident, for example, that if the 
nasses were the same (a ratio of 1:1) the ann 
plitude of notion 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 annplitude 
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 2 and 
the stiffness coefficient of the spring 8 may be 
calculated accurately by an appropriate mathe 
natical 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 Sane 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 stiffness co 
efficient of the spring 8 is adjusted by turning 
it in the groove 22 until the amplitude of the 
maSS 2 is at a 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 6 and 
the sleeve 29. 

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, I 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 30 and 32 by means of a shaft 38 
held on brackets 34 and 36 which span the dis 
tance between the two barrels, one near the 
muzzle and the other near the breech, Shaft, 38 
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 f6 in Fig. 1) to hold the end 
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coils of a helical spring 44 which suirolinéis the 
shaft 38 and whose front end is attached in like 
manner to a stud 46 extending rearwardly from 
the bracket 34. The stud A6 has a helical groove 
48 corresponding to the groove 22 in the surface 
of the sleeve 20. This studialso is provided wit 
a raotch or maker 50 which is used as a refer 
ence point in the saile mainer as the reference 
point 24 fortuning in the other embodiment. 

It will be observed that in Fig. 2 the dynamic 
balancer of the invention is located at the center 
of symmetry of the vibrating system so as to 
avoid the production of torsional forces which 
would tend to turn the barrels off the target. 
While I have so far described the balancer of 

the invention attached directly to the barrel or 
barrels of the gun, it is evident that such specific 
attachment is not essential to the proper furic 
tioning of the device under some coliditions. 
Thus some automatic Weapons are recoil oper 
ated by movement of the barrel relative to the 
receiver and such movement, often of sibstan 
tial anaplitude, is essential to the proper fulac 
tioning of the gua. In such seases the advantages 
of the invention may also be attained by coupling 
the reciprocating balancing weight not directly 
to the barrel but to Some Jortion of the station. 
alry receiver or carriage in which the barrel is 
mounted. In Fig. i., if we consider the barrel () 
ifree to slide Within the sleeve 28, the latter be 
ing attached directly to a forwardly projecting 
portion 2? of the receiver, these conditions may 
be considered to obtain. In such a construction 
the Eneeded movement of the barrel fo is unin 
paired, but any sympathetic movement of the 
receiver carriage, etc. of the gua is balanced by 
the oscillating weight f2. 

I have found that the novel dynamic balancer, 
according to the invention, may be adapted for 
use tipOn a variety of present day automatic 
weapons provided their rate of fire remains real 
Senably constant. Wibration, recoil and tend 
ency of the barrel to whip for rise in shotileier 
Weaponsistenormously reduced and accuracy cor 
respondingly improved. Oil the other hiand with 
Some types of heavier inachine guns, such as 
those mounted in airplanes, savings of weight of 
the order of 500 to i:000 pounds may be expected 
since the carriage need no longer absorb any if 
tense vibrations. 
While in the foregoing disclosure I have 

spointed out certain Scientific theories of oper 
ation, such as treating the whole gun as a single 
mass in setting up my lesonant System while 
ignoring factors of acceleration of parts within 
the same, I do not limit myself to any particular 
Scientific explanation of the spherionnenia iras 
Veolved. In practice, I have found that the ad 
Vantages of the invention may be readily at 
tained by following the teachings which I have 
herein set out With the exercise of OEhly the ordi 
nary skill expected of competent engineers. 
While I have hereira also disclosed and de 

scribed only a linear mode of vibration for the 
weights 2 and 40 parallel to the line of fire and 
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less clear that equivalent vibratory systems might 
be contrived employing Erasses OScillating at 
angles to the principal axis or in arctiate paths 
;but whose resultant forces could be made to op 
erate in the desired direction. Furthermore, it 
Will be recognized that the invention is not life 
ited to the specific helical:Spring shown and deas 
Scibed and that other equivalent springsidi resi 
fieht couplings may be found suitable for 'tise in 
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iny dynamic balancer, the word 'spring' belig 
used in a generic Sense, unless otherwise specift. 
cally limited, in this specificationiand 'the claias. 
Accordingly, I do not wish to be limited in thie 
present application to the specific emigodinients 
herein shown, since it is evident that variotis 
modifications and changes, some perhaps less 
efficient, may be made by those skilliad in the airt 
heWertheless employing the principles of the site 
vention and within the spirit and scope of the 
appended calinas. 

I claia: 
1. In combination with a cyclic firing gun, ia 

dynamic recoil balancer comprising a weight dif 
predetermined mass, said 'mass representing only 
a Small fraction of the maSS$of Said: giun, ring int 
ings for notinting 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 to Said giin, said 
Weight, gun and Spring constituting a spring 
maSS Vibratory Systern 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 
Sane frequency but in opposition to each 'other, 
the amplitude of motion of said weight being 
Substantially greater than the corresponding 
amplitude of said gun. 

2. Apparatus in accordance with claim 1 in 
cluding mechanism for adjusting the stiffness 
coefficient of said Spring for tuning said systern 
to resonance. 

3. In combination with a cyclic firing gun, a 
dynamic recoil balancer comprising a weight 
slidably mounted on the barrel of said gun for 
relatively undamped longitudirial reciprocatory 
motion relative thereto, said weight having a pre 
determined mass representing only a small frac 
tion of that of said gun, a spring having a pre 
determined stiffness coefficient connecting "one 
end of Said Weight to said guin, said weight, gin 
and Spring constituting a spring-mass vibratery 
System energized by the recoil of said gttia and 
having a natural period of vibration 'correspond. 
ing to the rate of fire thereof with said weight 
and Said gun reciprocating at the same-frequeriey 
but in Opposition to each other, the camplitude of 
motion of said Weight being substantially greater 
than the corresponding amplitude of said gun, 
and a device for adjusting the length of said 
Spring for tuning said system to resonance. 

4. In combination with a multiple barrel, cyclic 
firing gun, a dynamic recoil balancer comprising 
a weight of predetermined mass representing 
Only a Small fraction of the mass of said gen, 
mountings for mounting said weight on said igtin 
in a position Symmetrically between its barrels 
for undamped reciprocatory notion relatiye 
thereto generally in the direction of the kine if 
fire, and a Spring Connecting said weight to said 
gun, said Weight, gun and Spring eonstitutiiiga. 
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 reciprocating at 
the Same frequency but in opposition to each 
other, the amplitude of motion of said weight 
being Substantially greater than the corresponde 
ing aniplitude of said gun, 

5. Apparatus in accordance with claim A. in 
cluding mechanism for adjusting the stiffness 
coefficient of said spring fortuning said system 
to resonance. 

6. In combination with a ‘eye-Eic firing 'gth, a 
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dynamic 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 turning 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 of 
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 notion 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 late 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 clain in 
cluding mechanism for adjusting the stiffness co 
efficient of Said Spring for tuning said System to 
eSOace. 
9. In combination 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 
ten 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 
notion of Said Weight being substantially greater 
than the corresponding amplitude of said gun. 

i0. 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 coefficient for 
tuning said System to resonance. 

li. In combination with a cyclic 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 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 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 
responding amplitude of said gun. 

12. Apparatus in accordance with claim 11 in 
cluding mechanism for adjusting the stiffness co 
efficient of Said Spring for tuning said system to 
eSOaCe 
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. 

i4. 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 being 
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 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 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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Said weight and said gun reciprocating at the Number 
Same frequency but in opposition to each other, 1763,064 
the amplitude of motion of said weight being 2,155,130 
substantially greater than the corresponding 2,421,858 

5 amplitude of said gun and the relative motion 
between Said barrel and said other parts of said 
gun being unimpaired, and mechanism for ad- Number 
justing the stiffness coefficient of said spring for 243,786 
tuning said System to resonance. 972,202 

0. 
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