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7 Claims. (c1. 267—-1) 

This invention relates to variable rate spring mecha 
nisms. For purposes of illustration it will be described 
with reference to its application to a recoil mechanism 
for a gun, but his understood that in certain of its forms, 
it may be used generally where a variable rate spring 
effect is desired. 

In my co-pending application, Serial No. 267,535, ?led 
March 25, 1963, for Spring Recoil Mechanism for Gun 
stock, there is disclosed and claimed a recoil mechanism 
comprising relatively movable cam surfaces, guide means 
for controlling the movement of the cam surfaces toward 
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one another, a follower mechanism comprising two pivot- - 
ed parts, each part adapted to cooperate with one of said 
cams, an abutment member on one of the relatively mov 
able parts, and a spring adapted to be compressed be 
tween the abutment and the pivot for the two-part fol 
lower. In such arrangement relative movement of the 
two cams toward one another results in an oscillation of 
the axis of the spring about the abutment therefor, and, 
due to the ?xed nature of the abutment, the spring as 
sumes an ar'cuate'form which is unsatisfactory. 
An object of this invention is the provision of means 

for maintaining the spring of a resilient system of the 
type described in my aforesaid application for patent in 
a straight condition, so that as said spring moves in re 
sponse to movement of the two-part follower, its axis 
is'always parallel to'its original relaxed position. 

In the adaptation to a gunstock disclosed in my afore 
said application, it was found that certain marksmen adopt 
a support for the gun, when it is aimed at a target, which 
is such that the recoil mechanism is actuated to a con 
siderable extent before the gun is ?red. Thus, 2. marks 
man maybe accustomed to hold the gunstock against his 
shoulder with considerable force to attain maximum rigid 
ity of support and consequently maximum accuracy. If 
a gunstock is used which is yieldable when so held be_ 
cause of the resilience of the recoil mechanism used there 
in, the marksman may refuse to use such gunstock even 
though the recoil mechanism therein would relieve him 
of considerable pain. 7 
Another object of this invention is the provision of 

means for interposing a slight initial resistance to the 
operation of the recoil mechanism so that when the mech 
anism is used ‘in a gunstock and the gun is held in a 
manner to exert pressure upon the gunstock to achieve 
rigidity of support, such pressure will be resisted, thereby 
giving the marksman the feeling of a solid gunstock. 

These and other objects of this invention will become 
apparent from the following detailed description of a 
preferred. embodiment of this invention when taken to 
gether with the accompanying drawings wherein: 

FIG. 1 is a side elevational view of a gun to which 
the recoil mechanism of this invention has been applied 
in the gunstock thereof; 
FIG. 2 is a section on‘ an enlarged scale through the 

gunstock of the gun of FIG. 1 taken along the line 2—2 
of FIG. 3 showing the improved spring mechanism as 
applied thereto; 
FIG. 3 is a section'through the gunstock of FIG. 2 

taken along line 3—3 thereof and in the direction of the 
arrows at the ends of said line; and 
FIG. 4 is an enlarged sectional view of a portion of 

FIG. 2. 
Referring ?rst to FIG. 1, which shows a typical vri?e 

used by marksmen, the mechanism of this invention is 
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shown installed in the gunstock thereof, said gunstock 
being comprised of two parts 10 and 11, which are rela 
tively movable in a longitudinal direction in a manner 
controlled by the recoil mechanism of this invention. It 
is intended that when the gun is held against a ri?eman’s 
shoulder and ?red the recoil mechanism will absorb a 
major part of the recoil and hence will lessen the dis 
comfort in general attendant upon ?ring many rounds 
of high-powered shells. 
The recoil mechanism is shown more clearly in FIGS. 

2 and 3. Each of said parts, 10 and 11, is hollow to 
receive action and reaction elements 12 and 13 respec 
tively. These elements may be interchanged insofar as 
parts 10 and 11 are concerned; that is to say, element 12 
may become the reaction element and element 13 the 
action element. Each element is rigid, element 12 com 
prising a thick plate preferably made as a casting which 
?ts within the bottom of the hollow portion '14 in part 
10. As an integral part of element 12 there may be 
formed, in the casting process, a cam 15 having a cam 
surface 16 thereon. Element 13 is comprised of a pair of 
spaced plates 17 and 18'connected by struts 19 and 20. 
Said plates 17, 18 and struts 19 and 20 may similarly be 
formed as an integral casting, and plate 17 may have 
formed thereon a cam 21 having a cam surface 22 thereon. 
The reaction element 13 is secured by screws 23, or the 
like, to gunstock part 11, and action element 12 is se 
cured by screws 24 to gunstock part 10. 
Movement of part 11 relative to part 10 is controlled 

by a pair of spaced shoulder screws 25 and 26, which are 
secured at their threaded ends to action element 12 and 
at their head ends pass through close-?tting openings 27 
in plate 17 formed in a boss 28 thereon. Heads 29 of 
screws 25 and 26 limit the separation of the action and 
reaction elements. Thus, screws 25 and 26 serve as 
guides for the movement of reaction element 13 relative 
to action element 12 and also serve as supports for the 
entire gunstock part 11. 

Cooperating with cam surfaces 16 and 22 is a follower 
30 which is comprised of two parts 31 and 32, each part 
being substantially triangular in form and each having 
spaced rollers 33, 34, and 35, 36 contacting cam surfaces 
16 and 22, respectively. Said parts 31 and 32 are con 
nected together by a pivot 37, so that each part may fol 
low its cam surface and change its angularity relative to 
the other part, as required by the form and disposition 
of said cam surfaces 16 and 22. 
Also pivoted on pivot 37 is a spring holder 38, the 

construction being such that spring holder 38 has a single 
tongue 39 through which pivot 37 passes,‘ and parts ‘31' 
and 32 have bifurcated ends 40 and 41 (FIG. 3), all in 
nested relation to one another so that cams 15' and 21 and 
their followers 31 and 32 may have a co~planar relation 
ship. Thus, tongue 39 is received inv the bifurcated end 
40 of part 31 and the bifurcated end 40 of part 31 is 
received in the bifurcated end 41 of part 32. Spaced 
from spring holder 38 is a bar 42 in which is a threaded 
opening 43 to receive an externally threaded tube 44. 
Spring holder 38 has a pin 45 which extends into tube 
44 with a sliding ?t to guide the'spring holder and to 
maintain it in ?xed relation to bar 42. ' 
A ?anged nut 46 is threaded on tube 44, and a spring 

47 is retained between nut 46 and spring retainer 38. 
It is contemplated that spring 47 will be in compression 
between nut 46 and'retainer 38, and to this end the re 
action of said spring is taken by two pairs of levers 48, 
48a and 49'shown pivotally secured at their ends to 
cams 15, 21 and bar 42. It is understood that said levers 
may be pivotally secured to any element of which said 
cams are a part or to which said cams are secured. The 
pivots at bar 42 are shown at 50 and 51, and the pivots at 
the cams are shown at 52 and 53. Several openings, such 
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as 54, 55, 56 and 57, may be provided for pivots 52, 53 
to change the angularity of the levers with respect to bar 
42 and thus to change the spring rate. The initial com 
pression of spring 47 may be varied by varying the posi 
tion of nut 46 relative to spring holder 38. This can be 
accomplished either by turning nut 46 on tube 44, or by 
turning the tube and nut relative to bar 42. 

It may be apparent from the description thus far given 
that as cams 15 and 21 move toward and away from one 
another, followers 31, 32 roll on cam surfaces 16 and 22 
and pivot 37 will move transversely of gunstock 11 toward 
and away from bar 42. The movement of bar 42 is con 
trolled by levers 48 and 49, and since these levers are of 
identical size, and are symmetrically pivoted with respect 
to follower 30, pivot 37 will aways be on the perpendic 
ular bisector of a line connecting pivots 50 and 51. Thus 
spring 47 will always be compressed along its axis and will 
generate no undesirable side forces. This action will ob 
tain regardless of which symmetrical pairs of openings 
54—57 are used and whatever the distance between pivots 
50 and 51. 
The initial de?ection of spring 47 requires the least 

force, and hence spring 47 is readily de?ected by a rifle 
man who, to achieve greatest accuracy, uses a shoulder 
strap while in a prone position to hold the butt of the rifle 
?rmly against his shoulder. This de?ection may cause 
him to lose the feeling of ?rmness he seeks by the use of 
the strap and hence may cause him to forego the advan- v 
tages of the above-described recoil mechanism. The ?rm 
ness sought by the ri?eman is provided by a device which 
is pressure responsive so that it will not yield under the 
pressures exerted by the rifleman, but will yield under the 
recoil of a discharged shell. 
The restraining device in its preferred form comprises 

a ball detent 58 disposed in an opening 59 in a boss 60 
in plate 17. Said opening 59 is threaded and is closed by 
‘an adjusting screw 61. A spring 62 is compressed between 
screw 61 and ball detent 58 and serves to hold said ball 
detent 58 and serves to hold said ball resiliently in a 
groove 63 in shoulder screw 26. Said ball detent serves 
to hold screw 26 against axial movement until a force is 
impressed axially upon said screw which is su?icient to 
cam said ball out of groove 63. The magnitude of the 
axial force required is a function of the pressure of spring 
62 upon ball 58. Since there are two shoulder screws 
25 and 26, two restraining devices can be used, and if 
these are not su?icient, two or more restraining devices 
can be used with each screw, arranged either axially along 
said screw or circumferentially therearound. Other forms 
and locations of force responsive release devices will sug 
gest themselves to those skilled in the art. 

It may be appreciated that some of the recoil of a dis 
charged shell is absorbed in releasing or overcoming the 
resistance of ball detent 58 and hence the rate of the 
spring 47 and the curvature of the cam surfaces 16 and 
22 may be determined to take advantage of the work done 
by ball detent 58. Thus spring 47 may be initially Weaker 
than it would be without ball detent 58. 
The recoil mechanism described above can be used with 

other ?rearms, and in fact, can be used in industry and 
on conveyances generally where an adjustable, variable 
rate shock absorbing device is required. Said recoil mech 
anism can be used with or without the above force re 
sponsive restraining device, depending upon the use to 
which the recoil mechanism is to be put. Thus the recoil 
mechanism can be used under punch presses, drop forges, 
or like industrial machinery, and can be used as a spring 
suspension for wheeled vehicles. It is understood there 
fore that the foregoing description is merely illustrative 
of a preferred embodiment of the invention and that the 
scope of the invention is not to be limited thereto, but is 
to be determined by the appended claims. 
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I claim: 

1. A variable rate spring mechanism comprising rela 
tively reciprocable action and reaction elements, cam sur 
faces on said elements, said surfaces diverging with re 
spect to one another, a follower for each cam surface, 
means pivotally connecting said followers together, in 
dividual levers pivoted at one end to each element and 
pivoted at their opposite end to a common member, and 
resilient means having one end connected to the common 
member and its other end connected to the means piv 
otally connecting said followers, said common member 
being moved in unison with the pivot by said levers and 
thereby causing both ends of the spring to move in unison 
as the action and reaction elements reciprocate relative 
to one another. 

2. A variable rate spring mechanism as described in 
claim 1, and means for changing the rate of said resilient 
means. 

3. A variable rate spring mechanism as described in 
claim 1, said common member comprising a bar, and 
spring-retaining means on said bar cooperating with said 
one end of said resilient means. 

4. A variable rate spring mechanism as described in 
claim 1, said common member comprising a bar having a 
threaded opening therein, a threaded tube in said opening, 
a ?anged spring-retaining nut on said tube; said means 

‘ pivotally connecting said followers together having a pin 
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slidably received in said tube and guided thereby, and 
said resilient means comprising a helical spring encir 
cling said tube and pin. 

5. A variable rate spring mechanism as described in 
claim 1, and force responsive detent means cooperating 
with said elements and preventing relative movement be 
tween said elements until .a predetermined force is im 
pressed upon one of said elements in the direction of the 
other of said elements. 

6. A variable rate spring mechanism as described in 
claim 1, guide means cooperating with said action and 
reaction elements to control relative movement therebe 
tween, and force-responsive detent means cooperating 
with said guide means and with one of said elements and 
preventing movement between said elements until a pre 
determined force is impressed upon one of said elements 
in the direction of the other of said elements‘. ~ 

7. A variable rate spring mechanism as described in 
claim 1, said reaction element having an opening therein’, 
a shoulder screw slidably received in said opening and 
threaded into the action member to guide the movement 
of the action member relative to said reaction member, 
said shoulder screw having a peripheral groove adapted 
in the inactive state of the action member to be received 
in the opening in the reaction member, a transverse open 
ing in the reaction member aligned with said groove in 
the inactive state of the action member, a ball disposed 
in said transverse opening and adopted to be received in 
said groove, resilient means in said transverse opening and 
bearing against said ball to retain said ball in said groove, 
and screw means in said transverse opening acting upon 
said resilient means in said transverse opening to com 
press the latter resilient means against said ball. 
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