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(57) Abstract

A gun equilibrator (26) including a driven shaft (34) connected to a gun barrel (10). The equilibrator (26) which com-
presses coned-disc springs (84) as movement of the shaft (34) lowers the elevated gun barrel (10). The shaft (34) is driven
by a rotating device nut (66) that has acme threads engaging similar threads on the driven shaft. This simple design permits
the compressed springs (84) to equilibrate the gun while the acme threads absorb recoil forces.
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EQUILIBRATOR ASSEMBLY FOR A GUN SYSTEM

FIELD OF THE INVENTION

The present invention relates to an equilibrator

assembly for a gun system and, more particularly, to an
equilibrator assembly utilizing coned-disc springs to
counterbalance the force exerted by the mass of a cannon

as it is raised and lowered upon its platform.

BACKGROUND OF THE INVENTION

It is well known in the art to utilize various
arrangements for equilibrating a weapon system that
includes a set of parts pivoted about a trunnion as the
elevation of the weapon is adjusted. Such known
arrangements rely upon pneumatic, hydraulic and spring
mechanisms to achieve equilibration.

) In addition to equilibration, it is desirable to
stabilize the weapon as it is fired. Some of the present
stabilizing arrangements use a large hydraulic cylinder
whose servo control may create hydraulic pressures of
several thousand pounds per square inch (psi) during
equilibration. These systems, in addition +to the
pressure exerted to equilibrate the weight on the gqun
muzzle, must withstand recoiled forces of fifty thousand
pounds, dissipated within less than 0.5 seconds, as the
gun fires. This dynamic increase in force exerted upon
the noncompressable hydraulic fluid can generate
pressures up to 8,000 psi. These high pressures require
the design of extremely rugged hydraulic systems in order
to prevent the rupture of pipe fittings, joints and
valves.

The reader's attention 1is directed +to three
patents, cited as examples of prior art systems using
pneumatic, hydraulic or spring equilibrator assemblies.
A pneumatic system may be found in U.S. Letters Patent
No. 3,562,901, which issued on February 16, 1971, by
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Joseph Ray. A hydraulic system may be found in U.S.
Letters Patent No. 4,402,252, which issued on September
6, 1983, by Walter Klumpp. Lastly, a spring system may
be found in U.S. Letters Patent No. 4,040,322, which
issued on August 9, 1977, by Robert 0. Border, et al.

While these systems address the problem of
equilibrating the weight of a gun muzzle or countering
its recoil force, each system suffers from its own
limitation. The Thydraulic equilibration system is
subject to failure upon firing due to sharply increased
hydraulic pressure. Spring and pneumatic systems suffer
from design limitations. Some designs may be optimized
around equilibration, while others are optimized around
counterbalancing the recoil forces. It is difficult to
design a system optimized to solve each problem.

It is an object of the present invention to provide
a mechanical spring system capable of equilibrating a gun
system and of absorbing the dynamic forces generated by
its recoil.

Another object of the present invention is to pro-
vide an equilibrator assembly which may be easily
designed to counterbalance the forces generated by the
weight of a gun muzzle as it is elevated and depressed.

A further object of the present invention provides
an equilibrator assembly which requires relatively 1low
drive forces to adjust the assembly.

A still further object is to establish an equili-
brator assembly driven by a lead screw which auto-
matically locks the gun at any elevation, even after
experiencing the dynamic forces of a firing recoil.

Yet a further object of the invention provides an
equilibrator assembly for absorbing the recoil forces
without transmitting those forces to the drive mechanism

of the assembly.
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SUMMARY OF THE INVENTION

In accomplishing these and other objects, there is

provided an equilibrator assembly mounted in a generally
parallel configuration with a gun system. The assembly
includes a shaft subassembly linked to the trunnion of a
gun barrel. The shaft subassembly further includes a
lead screw at one end thereof driven by a drive nut sub-
assembly having internal threads which mate with the lead
screw. The shaft subassembly passed through a stack of
coned-disc springs which are surrounded and supported by
& housing. The coned-disc springs are arranged to com-
press as the gun barrel is lowered from an elevated
position to its lowest depression. The compression of
these coned-disc.springs generates a force that counters
the increasing weight of the gun muzzle as its center of
gravity is lowered toward the horizon.

The utilization of coned-shaped springs permits a
designer of an equilibrator system to closely match the
force-displacement curve of the spring stack against
force curve required to equilibrate the gun as it is
lowered from its maximum elevation toward its minimum
depression.

The simplified equilibrator assembly of the present
invention permits the lead screw and its drive nut sub-
assembly to absorb the recoil forces generated as the gun
system is fired. This assembly provides a rugged stop
for the dynamic recoil forces and prevents the trans-
mission of those forces to the assembly drive mechanism.
This insuring that the drive mechanism is not damaged by
firiﬁg the gun system. At the same time, the simplified
thread and drive nut subassembly require a reduced amount
of drive force and thus a smaller prime mover.

DESCRIPTION OF THE DRAWINGS

Other objects and advantages of the present inven-~

tion will Dbe understood after careful consideration of
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the specification and drawings wherein:

Fig. 1 is a schematic diagram showing the equil-
ibrator assembly of the present invention used with a
platform mounted gun system;

Fig. 2 is a schematic of the equilibrator assembly
of the present invention mounted upon a self-propelled
platform:;

Figs. 3(a) and 3(b) are elevational views shown
partially in cross section, which may be placed end-to-
end to illustrate the equilibrator assembly;

Fig. 4 is a cross sectional view of a coned-disc
spring utilized within the present invention; and

Fig. 5 is a curve showing a series of plots of load

in percent of load at flat position of a coned-disc

spring versus deflection in percent of height of the
spring.

DESCRIPTION OF THE PREFERRED EMBODIMENT

Referring now to the drawings, Fig. 1 shows

schematically a gun system 10 combining a gﬁn barrel 12

‘having a trunnion 14 pivotally mounted in a gun mount 16

upon a permanent platform 18. Gun barrel 12 includes a
breach 20 and muzzle 22. The center of gravity 24 of the
movable gun barrel is normally located toward the muzzle
22 of the barrel 12 forward of the trunnion 14. Thus, as
the barrel is depressed from an elevated position, the
force required to restrain the barrel at the desired
elevation increases. Typically, the gun barrel 12 may be
elevated to a relatively high angle, 69 degrees above the
horizon in the preferred embodimént, as shown in Fig. 1,
for example, or depressed to a position 5 degrees below
the horizontal, for example.

The elevation and depression of a gun system 10 is
generally accomplished by an equilibrator assembly 26
which may be attached to the trunnion 14 by a crank 28
connected, in turn, to an eyebolt 30 by pin 32. Attached
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to eyebolt 30 by suitable threads is a lead screw shaft
34 that passes through a housing 36 which is provided
with its own trunnion 38 to permit the housing 36 to
pivot as lead screw 34 is moved forward or backward to
pivot crank 28 about the point formed by gun trunnion 14.
In the preferred embodiment, the crank 28 moves 33
degrees to the right from a horizontal position and 41
degrees to the left to raise and lower the gun barrel 12
to the plus 69 - minus 5 degree positions shown in Fig.
1. The details of the equilibrator assembly will be
described in Figs. 3(a) and (b) hereinbelow.

It will be understood that the equilibrator assem-
bly and its gun system may be mounted in several con-
figurations including the fixed position shown in Fig. 1
or upon a self-propelled platform such as that shown by
the tank 40 in Fig. 2. Tank 40 typically includes a body

- 42 which mounts a revolving turret 44 into which_ the gun

system 10 may be mounted. As is well known, the tank is
propelled by a drive wheel 46 which drives a crawler
track 47 over tracker rollers 48 to an idler wheel 50
from which the crawler track is returned to the drive
wheel 46.

In Fig. 2, the breach 20 of gun system logis not
shown as the equilibrator assembly 26 is offset to one
side and in front of the gun barrel 12. . A drive
mechanism 52 mounted on the lower surface of housing 36
provides the drive force for elevating and depressing gun

barrel 12. The reader will understand that the general
arrangement of the equilibrator assembly 26 in Fig. 2 is
similar to that shown in Fig. 1. In the preferred
embodiment, the equilibrator assembly 26 is utilized to
elevate a howitzer mounted upon the tank 40.

Referring now to Figs. 3(a) and 3(b), the details
of the equilibrator assembly 26 are shown when these
figures are joined end-to-end. As seen in Fig. 3(a), the

eyebolt 30 is retaimed on a threaded end portion 54 of
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lead screw shaft 34 by a lock nut 56. Lead screw 34
passes through housing 36 which consists of a cylindrical
tube 58 that fits over a cylindrical boss 60, Fig. 3(b),
which extends from the surface of a gear box housing 62.
Trunnion 38 extends from the other surface of the housing
62 throﬁgh a mounting bracket 64 attached to the inner
surface of the tank turret 44.

Lead screw 34 passes through the cylindrical boss
60 and housing 62 to extend a substantial distance
therefrom. The right-hand end of lead scerw 34 1is
threaded with acme threads having a two inch pitch
diameter or two threads per inch. The acme threads are
engaged by the internal threads of a drive nut sub-
assembly 66 rotatably mounted within housing 62 by roller
bearings 68 and thrust bearings 70. The outer surface of
drive nut subassembly 66 mounts a spur gear 72 driven by
a suitable gear train 74 which, in turn, is driven by a
prime mover 76 through a clutch 78. If desired, the
equilibrator assembly may be driven by a hand crank 80
which bypasses the prime mover 76 to drive the gear train
74 directly.

o It will be understood that rotation of the gear
train 74 drives the spur gear 72 to rotate the drive nut
subassembly 66. Such rotation causes the acme threads
within the nut to displace the lead screw shaft 34 in a
left-hand diréction, for example,'for driving a collar 82
attached to shaft 34 to the left. Collar 82 is per-
manently fixed to the shaft 34 to compress a plurality of
coned-disc springs 84 as the shaft is driven to the left,
as shown by collar 82' and springs 84°'.

The coned-disc springs 84 are toroidally shaped
from a generally flat piece of steel having a thickness
"t" before being shaped into a cone having a height "h",
see Fig. 4. The cone is formed so that the spring 84
normally rests upon its outer edge. The coned-disc

springs 84, also referred to as a Belleville spring in
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honor of its French inventor, may be manufactured by
several <companies 1including the Rolex Company of
Hillside, New Jersey and the Associated Spring Corpora-
tion.

As seen in Fig. 3(a) and 3(b), the lead screw shaft
34 passes through the internal diameter of the coned-disc
springs 84 while the outer diameters thereof loosely fit
within the inner diameter of the tubular housing 58. In
the preferred embodiment, the coned-disc springs 84 are
stacked in series between the collar 82 and a preload
piston 86 slidably mounted about the lead screw shaft 34.
The piston 86 is adjusted by a preload adjustment bushing
88 externally threaded and adjustably mounted within an
internal thread in a closure bushing 90 that fits within
the outer end of tube 58 and may be retained therein by
welding, for example. Rotation of the preload adjustment
bushing 88 causes the external threads to advance the
bushing for moving the preload piston 86 to the right, as
shown in Fig. 3(a) between 86' and 86. This movement
compresses and preloads the series stack of coned-disc
springs 84 to equilibrate the weight of the gun system 10
in its most elevated position. The series stack of disc
springs 84 may be broken by a spacer 92 which slides
within the tube 56 and assures that the forces placed
upon the lead screw 34 remain as compression forces and
do not buckle the column formed by the lead screw.

The prime mover 76 may drive the lead screw shaft
34 to the far right-hand end of the assembly. In this
configuration, shown in Fig. 3(b), the acme threads of
shaft 34 protrude from housing 62. To protect the
operator of the equilibratdr assembly, a cylindrical
housing 94 whose end is closed by a plate 96 is placed
over the extended shaft 34. Activation of the prime
mover 76 causes rotation of gear 72 for driving nut 66
which displaces shaft 34 to the left to compress the

series stack of disc springs 84, as shown at 82' and 84°'.
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Such compression generates a counterbalancing force which
equilibrates the increased load causes by the gun barrel
12 as its center of gravity 24 is lowered from its
highest elevation toward its lowest depresison.

Use of the coned-disc springs 84 has the advantage
of occupying a smaller space than coil springs. In
addition, variation of the height to thickness ratio
(h/t) of each disc spring produces a wide variety of
load-deflection curves, as illustrated in Fig. 5. The
advantage of using a stack of disc springs will be better
understood by comparing the deflection curves of Fig. 5
wherein load in éercent of load at flat position is
plotted against deflection in percent of height. The
reader will realize that a spring deflection curve, such
as shown in Fig. 5, can be shaped to match a force
deflection curve required to equilibrate the gun barrel
12. Thus, one first calculates a force deflection curve
required for equilibrating a gun system. Once the curve
is established, one may then easily design a spring stack
whose curve equals or nearly equals the equilibration
curve. ,

In the preferred embodiment, the force needed +o
equilibrate the gun barrel 12 and its gqun system 10 is
approximately 10,000 pounds at the highest elevation.
This force increases to approximately 30,000 pounds at
the lowest depression. It has been found that the ideal
spring, Fig. 4, has an outside diameter of 5.5 inches
with an inside diameter of 2.312 inches. The height of
the spring is .225 inches, while the spring thickness is
-275 inches. The spring material is steel. The h/t
ratio is thus .818. These figures are given for purposes
of illustration. It will be understood that other di-
mentions may be used within the teachings of the present
invention.

The recoil force exerted by firing the gun system
10 is-generally up and back along the gun barrel 12.

PCT/US86/00750
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This force is absorbed by the trunnion 14 and transmitted
by the crank arm 28 to the lead screw shaft 34 where the
most significant portion of the recoil force is absorbed
by the external acme threads on lead screw shaft 34 and
the internal threads in drive nut 66. These threads can
be easily designed to withstand such loading. Thus, the
drive system, which drives the drive nut 66 and lead
screw 34, is protected if spur gears are used, since the
recoil forces are parallel to shaft 34 and parallel to
the faces of the spur gear teeth. As a consequence, no
force may be transmitted to the drive system. The use of
acme threads on lead screw 34 automatically locks the gun
system 10 at any elevation assuming the friction angle of
the threads exceeds the lead angle of the screw.

The present invention may be modified by replacing
the roller bearing 68 and thrust bearings 70 with a
single set of conical bearings which support the drive
nut 66 in both the x and y directions. Other modifica-
tions and variations will become apparent +to those
skilled in the art, and the present invention should be
limited only by the appended claims.

PCT/US86/00750
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WE CLAIM:

1. An equilibrator assembly for a gun system
having a barrel movable about a trunnion comprising:

shaft means connected to said trunnion for moving
said barrel;

coned-disc spring means mounted upon said shaft
means for compression as said shaft means moves said
barrel to equilibrate the increased force exerted by said
barrel movement:

said shaft means having threaded means thereon; and

drive nut means mounted for rotation about said
threaded means on said shaft means for moving said shaft
means forward and backward to move said barrel, wherein
said thread means and drive nut means absorb the forces

generated upon firing said gun system.

2. In an equilibrator assembly, as claimed in
Claim 1, wherein said shaft means further includes crank
means attached to the trunnion of said barrel and pivotal
means for attaching said crank to said shaft means.

3. In an equilibrator assembly, as claimed in
Claim 1, wherein said coned-disc spring means further
includes a plurality of coned-disc springs each having an
outer and inner diameter, said inner diameter fitting
over said shaft means to permit the stacking thereof upon

said shaft means in a series stack.

4. In an equilibrator assembly, as claimed in
Claim 1, additionally comprising:

said drive nut means having gear means mounted upon
the outer periphery thereof; and
' drive means including drive gear means engaging

said first mentioned gear means.-

PCT/US86/00750
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5. In an equilibrator assembly, as claimed in
Claim 4, wherein said drive means further comprises
clutch means, gear box means and prime mover means for

driving said drive gear means in two directions.

6. In an equilibrator assembly, as claimed in
Claim 4, wherein said drive means further comprises a
hand crank.

7. In an equilibrator assembly, as claimed in
Claim 3, additionally comprising:

cylindrical housing means having first and second
ends and an inner diameter sized for clearence of said

outer diameter of said plurality of coned-disc springs.

8. In an equilibrator assembly, as claimed in
Claim 7, additionally comprising:

internally threaded closure bushing means closing
said first end of said housing means;

. externally threaded preload bushing means mounted
within said closure bushing means having an inner
diameter for slidably mounting said shaft means; and

toroidally shaped preload piston means mounted
within said housing means and about said shaft means
between said preload bushing means and said plurality of
coned-disc springs, wwhereby rotation of said bushing
preloads said pluraliuty of springs.

9. In an equilibrator assembly, as claimed in
Claim 7, additionally comprising:

said drive nut means mounted in and closing said
second end of said housing means; and

said shaft means having an acme thread on the outer

surface thereof passing through said drive nut means.

10. In an equilibrator assembly, as claimed in

PCT/US86/00750
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Claim 7, additionally comprising:

a toroidally shaped spacer mounted within said
plurality of coned-disc springs about said shaft means
for slidable movement within said c¢ylindrical housing

means whereby buckling of said shaft means is prevented.

1l1. In an equilibrator assembly, as claimed in
Claim 1, additionally comprising:

said assembly having second trunnion means for
mounting said assembly in a generally parallel
configuration with said barrel.

12. In an equilibrator assembly, as claimed in
Claim 11, wherein said assembly and said gun system are
mounted within a self-propelled vehical.

. 13. In an equilibrator assembly, as claimed in
Claim 11, wherein said assembly and said gun system are

mounted upon a fixed platform.

14. 1In an equilibrator assembly, as claimed in
Claim 1, wherein said drive nut means includes a pair of
roller bearings and a pair of thrust bearings for

ratatably mounting said nut means within said assembly.

15. In an equilibrator assembly, as claimed in
Claim 1, wherein said nut means includes a pair of
conical bearing rotatably mounting said drive nut means
within said assembly. '

16. In an equilibrator assembly for a gun system
having a barrel pivoted about a trunnion and the center
of mass of said barrel located beyond said trunnion which
increases the force needed to equilibrate said barrel as
said barrel is lowered from an elevated position, the

improvement comprising:

PCT/US86/00750



10

15

20

25

30

35

WO 86/06157

-13-

shaft means connected to said trunnion for lowering
and elevating said barrel;

coned-disc spring means mounted upon said shaft
means for compression as said shaft means lowers said
barrel;

said shaft means having threaded means thereon; and

drive nut means mounted for rotation about said
threaded means on said shaft means for moving said shaft
means forward and backward to lower and elevate said
barrel, wherein said coned-disc spring means are
compressed upon lowering said barrel to equilibrate the
increased force exerted by said lowered barrel and said
thread means and drive nut means absorb forces generated

by firing said gun system.

PCT/US86/00750



PCT/US86/00750

WO 86/06157

1/4

8b
/ 1\

b oS

ot
- —Ob
rAg
L\ 1
/8 oc b 08 b3 _/
92 2¢

2 “Byg

weett Lt L0 0tagsalll000cilts0t0000 —_ .

o /
69+

o




PCT/US86/00750

WO 86/06157

P

/
98

o8 1250\

.AII/I‘/

N N N S S S TSR

AN f..V.uPrV

TR

frd.rlth NN

-...'..Vllv/r/flf

\

9¢

¢¢

RE “Byg




PCT/US86/00750

WO 86/06157

3/4




WO 86/06157 PCT/US86/00750

4/4

160

T
150 A /224
140 |— [ \§
130 20
—

120 ——
o] / =1.8
100
20

I~~~

A

\\ /L
Y. W4

so A LA

A
@

o83888
\:&
NN YN
N
\

LOAD IN PERCENT OF LOAD AT FLAT POSITION
3

0 0 20 30 40 50 60 70 80 90 100
DEFLECTION IN PERCENT OF h



INTERNATIONAL SEARCH REPORT

International Application No PCT/US 86/00750

1. CLASSIFICATION OF SUBJECT MATTER (if several classification symbols apply, indicate all) 3

According to International Patent Classification (IPC) or to both National Classification and |PC

INT. CL. 4 F 41 D 11/24, 11/26; F 41 F 23/00
U.s. CL. 89/37.08, 37.07

Il. FIELDS SEARCHED

Minimum Documentation Searched 4

Classification System I

Classification Symbols

Uu.s.

‘ 89/37.08, 37.07

Documentation Searched other than Minimum Documentation
to the Extent that such Documents are included in the Fields Searched &

1Il. DOCUMENTS CONSIDERED TO BE RELEVANT 14

Category * | Citation of Document, 18 with indication, where ap_p_ropriate. of the relevant passages 17 Relevant to Claim No. 18

Y Us, A, 2,030,507 (DRIGGS) 11 FEBRUARY 1936, 1, 3, 7, 11, 13
See Figures 1 and 3. 16

Y UsS, A, 2,199,410 (LENNON) 07 MAY 1940, 12
See column 1, lines 11-15.

Y GB, A, 586,981 (LIPPERT ET AL) 09 APRIL 1947, 2, 4, 6, 14-15
See Figures 1 and 2.

A |Us, A, 3,854,378 (VOGEL) 17 DECEMBER 1974, 5
See single Figure and column 2, lines 46-52.

A Us, A, 1,577,529 (JOYCE) 23 MARCH 1926, 8, 10
See Single Figure.

A Us, A, 4,200,028 (BAINS) 29 APRIL 1980, 1, 3, 7, 11, 13
See Figures 1 and 2 and column 1, lines 39-41, 16

A Us, A, 1,722,862 (RICORDEL) 30 JULY 1929, 2
See Figure 1.

wAM
ugn

e

ugn

upn

* Special categories of cited documents: 13

document defining the general state of the art which is not
considered to be of particular relevance

earlier document but published on or after the international
filing date

document which may throw doubts on priority claim(s) or
which is cited to establish the publication date of another
citation or other spacial reason (as specified)

document referring to an oral disclosure, use, exhibition or
other means

document published prior to the international filing date but

later than the priority date claimed
L)

e

wyr

uyn

ugn

later document published after the international filing date
or priority date and not in conflict with the application but
cited to understand the principle or theory underlying the
invention

document of particular relevance; the claimed invention
cannot be considered novel or cannot be considered to
involve an inventive step

document of particular relevance; the claimed invention
cannot be considered to involve an inventive step when the
document is combined with one or more other such docu-
mer;‘ts. such combination being obvious to a person skilled
in the art.

document member of the same patent family

b

{V. CERTIFICATION

Date of the Actual Completion of the International Search %

16 APRIL 1986

Date of Mailinog of thi‘jﬁeﬂatmarch Report 3

International Searching Authority t

ISA/US

Stephan Johnsg

Form PCT/ISA/210 (second sheet) (October 1981)

n



	Abstract
	Bibliographic
	Description
	Claims
	Drawings
	Search_Report

