
Uite tates atent [191 
Vogel 

[11] 3,854,378 
[451 Dec. 17,1974 

[54] DEVICE FOR STABILIZATION OF AN 
OSCILLATING MASS 

[75] Inventor: .Iean-Luc Vogel, Meudon, France 

[73] Assignee: Republic of France as represented 
by the State Minister charged with 
National Defence, Delegation 
Ministerielle pour I’Armement, 
Paris, France 

[22] Filed: July 9, 1973 

[21] Appl. No.: 377,288 

[30] Foreign Application Priority Data 
July 7, 1972 France ............................ .. 72.24598 

[52] US. Cl. ............. .. 89/37 F, 89/37 H, 89/41 CE, 

318/612, 318/649 
[51] Int. Cl ....... .. F4lf 21/16, F4lg5/16, F41g 5/24 
[58] Field of Search... 89/37 F, 37 H, 41 LE, 41 H, 

89/41 CE; 74/522; 188/267; 318/612, 613, 
614, 648, 649, 382 

[56] References Cited 
UNITED STATES PATENTS 

2.193.446 3/1940 Caulkins ............................ .. 89/37 F 
2,391,965 1/1946 Hanna ct al. ................... .. 89/41 CE 

Primary Examiner—Stephen C. Bentley 
Attorney, Agent, or Firm-Larson, Taylor & Hinds 

[57] ABSTRACT 

An arrangement for stabilizing an oscillating mass, 
such as a gun or an optical or electronic instrument. 
mounted with two degrees of freedom on a moving 
frame, comprises means for transmission of torque to 
the oscillating mass, constituted by very low viscosity 
torque producing drive or torque motors with very 
slight viscosity mounted in direct engagement with the 
oscillating mass, and means for automatic correction 
of either systemic or arbitrary or random‘ imbalances, 
constituted by a device for transfer of mass mounted 
directly on the assembly that is to be stabilized. In a 
preferred embodiment, the oscillating mass is a gun 
pivoted about a horizontal axis passing through or 
close to the center of gravity, having at one of its ends 
a metallic sector constituting the rotor of a stabilizing 
torque producer whose stator is integral with the gun 
turret and constitutes the inductor or ?eld winding of 
the torque producer or motor. The mass transfer de 
vice preferably comprises an arrangement for auto 
matically transferring liquid between tanks mounted 
on the oscillating mass on both sides of the axis of 0s 
cillation. 

4 Claims, 1 Drawing Figure 
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DEVICE FOR STABILIZATION OF AN 
OSCILLATING MASS 

FIELD OF THE INVENTION 

The present invention relates to a device for stabiliz 
ing an oscillating mass, such as a weapon or an optical 
or electronic instrument mounted with two degrees of 
freedom on a moving frame. 

BACKGROUND AND SUMMARY 

For stabilization of an oscillating mass mounted with 
two degrees of freedom on a moving frame, such as a 
weapon or an optical or electronic instrument mounted 
on a vehicle, it is known that this stabilization can be 
attained by powered movement, generally hydraulic. 
This powered movement is arranged so as to be oper 
ated, on the one hand, by the aiming or pointing bar 
and, on the other hand, controlled by one or more iner 
tial organs. This arrangement thus differs from that of 
a non-stabilized aiming device only in the addition of 
a servo control comprising in general servo valves, and 
inertial organs such as gyroscopes or gyrometers. It has 
been found that this arrangement provides for only ex 
tremely modest performance, essentially for three rea 
sons. Thus, the loop gain of the servo mechanism con 
trol is rigorously limited by the low intrinsic anchoring 
frequencies of the oscillating mass, because otherwise 
there will be instability. Application of motion is irre 
versible and, consequently, all inertial couples or 
torque induced by movements of the structure are 
transmitted to the assembly that is to be stabilized. Fi 
nally, there are imbalances in the system, due particu 
larly to loading, which transform inertial forces in— 
duced by movements of the structure into an inertial 
couple or torque. 
The oscillating mass stabilizer arrangement of the in 

vention is intended to surmount the foregoing limita 
tions, leading to an advance in performance of substan 
tial magnitude. 
Generally in accordance with the invention, the ar 

rangement comprises means for transmission of torque 
to the oscillating mass, constituted by very low viscosity 
torque producing drives, or torque motors with very 
slight viscosity, mounted in direct engagement on the 
oscillating mass, and means for automatic correction of 
either systemic or arbitrary or random imbalances, 
constituted by a mass transfer device mounted directly 
on the assembly that is to be stabilized. Thus, there is 
obtained, on the one hand, application of motion that 
is totally reversible, which makes the oscillating mass 
insensitive to the inertial torque or couple, and, on the 
other hand, an automatic correction of the imbalance, 
suppressing the effect of the inertial forces. The loop 
gain can be increased considerably because the limita 
tions are due, in this case, to the intrinsic ?exion or 
bending frequencies of the oscillating mass alone. Fi 
nally, the stabilization work that the motor arrange 
ment must furnish is theoretically zero, and therefore 
the device can be modestly dimensioned. 
Other characteristics and advantages of the invention 

will be better understood from the following descrip 
tion of an exemplary embodiment, with reference to 
the attached drawing, wherein: 
The single FIGURE is a diagrammatic or schematic 
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view of an embodiment of a device according to the in- - 
vention, applied to a stabilizing mechanism for a turret 
mounted gun. 
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DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

In the drawing, a gun I is mounted on a turret (not 
shown) that pivots about an axis XX, selected to pass 
through as closely as possible through the center of 
gravity of the gun that constitutes the oscillating mass. 
Gun 1 has a cradle 3 that is integral with a metallic sec 
tor 2 constituting the rotor of a stabilizing torque pro 
ducer or motor with very low viscosity, whose stator 4 
is integral with the turret and comprises the inductor or 
?eld winding. Torque producer or motor 2, 4 is electri 
cally piloted or driven by amplifier 6 disposed in con 
trol box 5. 
Moreover, means for automatic correction of sys 

temic and random imbalances comprises a device for 
transfer of mass, mounted directly on the unit to be sta 
bilized. This mass transfer device is constituted by two 
tanks 7, 7a mounted on the gun, on both sides of axis 
XX]. Tanks 7, 7a contain a certain amount of liquid 
that constitutes a mass that can be transferred from one 
tank 7 or 7a to the other by action of a double acting 
pumping unit 8. The motor of pumping unit 8 is itself 
controlled by an amplifier 9. 
This transfer automatically corrects the imbalance 

couple or torque of the oscillating mass. Ampli?ers 6 
and 9 which respectively control inductor 4 of the 
torque producer and pumping unit 8 are controlled by 
the difference applied at 10 between the velocity com 
mand signal transmitted by lead 11 and issuing from the 
aiming station 12 and the velocity signal of the gun 
transmitted by lead 13, measured by gyrometer I4 
mounted on cradle 3 of the gun. However, it is to be 
noted that use of inertial pickups such as gyrometer 14 
is not indispensible for for the functioning of the de 
vice. . 

The described device does not allow interlocking of 
the stabilizer assembly, manual aiming, or execution of 
rapid rally operations. It is, therefore, necessary to re 
tain a standard gearing arrangement, though one that 
can be engaged. 
There are thus two ways of aiming: a first, in which 

the torque producer or motor is not energized and the 
gear is engaged, and a second, in which the torque pro 
ducer is active and the gear is disengaged. 

In the single FIGURE, a standard gearing is shown 
that comprises a toothed wheel 15 meshing with a 
toothed sector 16, integral with cradle 3, the toothed 
wheel being rigidly connected to a shaft 19 which, by 
means of an electromagnetic clutch 17, can be con 
nected to standard mechanisms 18 for manual aiming 
and rapid rallying. 

In stabilized aiming, clutch 17 is in the released posi 
tion as mentioned above. 
Of course, various modi?cations of the device can be 

made by the specialist without going beyond the scope 
of the invention. The illustrated embodiment should be 
considered as exemplary of the invention. 
By way of further explanation, the drive must be pi 

loted by a power ampli?er in a special way. This ar 
rangement must allow simultaneously the command 
and the stabilizing of the oscillating mass. The com 
mand function is attained by causing a couple applied 
to the oscillating mass to correspond to the ampli?er 
input. The stabilizer function is effected by making this 
couple independent of the angle that the oscillating 
mass makes with the moving frame, as well as of the 
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speed, acceleration, etc. of this angle. Practically this 
is attained by use of an ampli?er that is “slaved” in cur 
rent, and a motor with high coefficient of electromotive 
couple and low coefficient of counter electromotive 
couple. It is in this sense that it is to be understood that 
the drive has a “low viscosity”. 

1 claim: 
1. In combination with an oscillating mass pivotally 

mounted with two degrees of freedom on a moving 
frame, a stabilization device comprising means for 
transmission of torque to the oscillating mass, said 
means comprising a metallic sector carried by said os 
cillating mass at one of its ends and constituting the 
rotor of a stabilizing torque producing drive with very 
low viscosity whose stator is integral with the frame and 
constitutes the inductor, and means for automatic cor 
rection of systemic and random imbalances comprising 
a mass transfer device mounted directly on the mass to 
be stabilized. 

2. Apparatus as claimed in claim 1, wherein the oscil 
lating mass comprises a gun pivotal about a horizontal 
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4 
axis passing as closely as possible through the center of 
gravity of the oscillating mass, the metallic sector con 
stituting the rotor of the stabilizing torque producer 
being carried by said gun at one of its ends and the sta 
tor of said stabilizing torque producer being integral 
with the turret of said gun. 

3. Apparatus as claimed in claim 2 wherein the mass 
transfer device comprises two tanks mounted on the 
gun, on respective sides of the axis of oscillation, en 
closing a liquid constituting a mass that can be trans 
ferred from one tank to the other, and pump means for 
transferring said liquid from one tank to the other. 

4. Apparatus as claimed in claim 3 wherein the in 
ductor of the torque producer and the motor of the 
pumping unit are, respectively, controlled by two am 
pli?ers, said ampli?ers being controlled by the differ 
ence between a velocity command signal from an aim 
ing station and a velocity signal of the oscillating mass 
measured by a gyrometer mounted on said oscillating 
mass. 


