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UNITED STATES PATENT OFFICE 
2,388,010 

GUN TEURREE FOR, ROBLE EANKS 

Water IV. Pohl, New Haven, Conn., assignor to 
ckers, racorporated, Detroit, MEch., a co 

poration of Wichigan 

Application April 9, 1941, serial No. 382,718. 
(C. 89-41) 5 Cairns. 

This invention has to do with gun turrets for 
mobile tanks, and relates particularly to R, system 
for the transmission of power in the manipular 
tion and control of turret mounted guns. It is 
especially adaptable to gun turrets in mobile 
tanks such as used by military land forces. 
An important object of the present invention 

is the provision of an efficient hydraulic system 
which enables an operator to control the move 
ment of guns and turrets with a minimum 
amount of physical effort. This promotes greater 
dexterity in the control of the guns and makes 
it possible for the operator to hold on the target 
at all times irrespective of the motion of tank or 
target and makes it possible to readily compen 
sate for the rolling and pitching motion of the 
tank due to irregularity in the terrain over which 
it is moving. 
A further object is the provision of a servo 

control device which will cause the movement 
of gun, or gun and turret to be responsive to the 
movement of the sighting scope. 
Other features have to do with the individual 

and combined operation of the various elements 
incorporated in the system which will be more 
clearly brought out in the specification and 
claim.S. 

In the drawings: 
Fig. 1 is an elevation, partly in section, show 

ing the operating units and controls mounted 
within a tank body and turret, in accordance 
with the present invention. 

Fig. 2 is a plan view of the structure shown in 
Fig. 1. 

Fig. 3 is a Schematic diagram with the various 
operating and control elements as shown in Figs. 
1 and 2 arranged in working relationship and 
shown in cross-section for better illustration. 

Fig. 4 is an elevation similar to Fig. 1, illus 
trating a modified arrangement wherein the con 
trol and operating units are so positioned as to 
permit the operator to be seated in a stationary 
position instead of moving with the turret as in 
Fig. 1. 

Fig. 5 is a plan view illustrating the position 
and arrangement of the control and operating 
elements of Fig. 4. 

Fig. 6 is a Schematic diagram showing the 
operating and control elements of Fig. 4 in oper 
ative relationship, the said operating and con 
trol units being shown in cross-section. 

Fig. 7 is a horizontal sectional view of a sta 
bilizing device which may be used in combina 
tion with the elevating control system as shown 
in Figs. 1 and 4 for automatically holding the gun 
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on a target while the tank is traveling over a 
rough terrain. 

Figs. 8, 9 and 10 are enlargements, respectively, 
of the elevating and depressing motor, the train 
ing control, and the training motor shown in 
Fig. 3. 

Fig. 11 is an enlarged portion of Fig. 6. 
Although the drawings show tanks of Simaller 

sizes, it will be understood that the equipment 
is readily adaptable to larger models. 

For a clear understanding of the present in 
vention it should be understood that the System 
embodies a power supply, or an A-end unit 8 
(see Figs. 1 and 3), for pumping oil under lures 
sure. This includes a variable stroke pump 
driven by a gasoline engine (not shown) which 
also supplies tractive power through transmission 
f2 to the tank and which is therefore subject to 
speed fiuctuation. In order to compensate for 
these speed fluctuations and to maintain fiuid 
output from the pump proportional to require 
ments, a flow control and pressure responsive 
compensator is incorporated in the A-end 8, 
as best shown in Fig. 3, and as will presently 
be described. Fluid from the pump is conveyed 
through conduits to control valves where it is 
diverted to fluid motors for manipulating a gun 
5 and turret 3 at the will of the operator. 
The principal elements of the tank as shown 

in assembly in Figs. 1 and 2 are a tank body 6, 
an engine drive shaft , a transmission gear 
case 2, a turret 3 movably mounted to rotate on 
the tank body about the vertical axis 4, and a 
gun or guns 5, movably mounted for rotation . 
about horizontal trunnion axis 6, for elevation 
and depression, which trunnion in turn is in a 
fixed position with relation to the turret 3, so 
that gun and turret rotate together about Wer 
tical axis 6 for traversing or training the gun 
in azimuth. 
The A-end, or pump and tank unit 8, forms 

the power element of a hydraulic circuit, best 
shown in Fig. 3, and is mounted in a fixed 
position in the tank body where it is arranged 
to receive power from the engine through belt 
26 or other suitable driving means. Pressure oil 
from the pump passes through a suitable con 
duit to a swivel joint assembly 9, which is ar 
ranged to rotate about axis & so as to provide a 
means of conveying the fluid to the various other 
components, which are arranged to rotate with 
the turret 3. A hydraulic motor 20, or B-end, 
of standard type is carried by the turret 3 and 
provides a means for training the turret by trans 
unitting torque through pinion 2 to ring gear 

  



2 
carried by the tank body. Speed and direction 

of rotation of the pinion 2 and the turret are 
controlled by manually operated valve 22. 

Hydraulic force for elevating and depressing 
the gun is provided by hydraulic assembly 23, 
which is attached to the turret at one end by 
pivot 2 and to the gun at its other end by pivot 
28. Speed and direction of motion of the gun 
are controlled by means of a valve located within 
the cylinder assembly 23 and arranged for man 
ua operation through signal means comprising 
linkage 25 connecting it to the sighting scope 
assembly 22. 
The mechanics of operation will be better ura 

derstood by referring to schematic diagran of 
Fig. 3. In the A-end unit 8, a variable delivery 
pring 29 of standard construction has a shaft 
3, which is, driven continuously in the direction 
indicated by the arrow. Oil is delivered from the 
primp into a conduit 32 at a rate proportional to 
the arguar displacement (, of a movable inenber 
38, which determines. the pump stroke. The 
stroke is automatically controlled by means of 
spring-loaded pressure responsive pistor 33, 
which is designed to limit the power input by 
maintaining certain functional values between 
oil pressure and volumetric delivery. For ex 
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valve will open to its normal position. This proca 
ess will be repeated as often and as rapidly as 
necessary to maintain constant maximum flow 
to the operating system. 

It will appear obvious that the throttle valve 
35, operating in combination with the compen 
sator, is the essential element in controlling the 
rate of flow from the pump and that valve 6 
is a secondary element which is incorporated to 
render the device more responsive to slight in 
creases in the flow rate. 

Swivel joint assembly 9 provides a means for 
conducting the oil from the unit located in a fixed 
position in the tank body to the units located in 
the rotatable turret. It consists of a member 
fixedly mounted on the tank body and to which 
the fixed pipes are attached, and a movable mern 
ber 4 to which the rotating pipes 3, 5G and 52 
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ample, as pressure tends to increase, the spring 
force against the piston 33 Will be overcome in 
varying degrees, thus reducing the stroke in pro 
portion to pressure. When the maximum pres 
sure is reached for which the spring is designed, 
the stroke will be reduced to a point near zero, 
at which point the volumetric delivery will just 
equal the leakage in the system. This device not 
only protects the hydraulic systern against ex 
cessive pressure, but it also prevents overloading 
of the engine by limiting the power input demand 
of the pump. As a further protection to the 
hydraulic system, an emergency relief valve 3 
is incorporated in the pressure line. This relief 
valve is designed to open and dump the entire 
flow of the pump into the supply tank in case 
the compensator fails to function when the maxi 
murn pressure is reached. 
... The maximum flow from the pump is limited 
to a predetermined rate by throttle valve 35 and 
hydrostatic valve 36, through which the oil must 
flow in passing fron conduit 32 to conduit 3. 
The hydrostatic valve 36 is constructed with a 
piston portion 38 with equal pressure areas on 
both sides. It is normally held open by the light 
spring 39 when the hydraulic pressure on both 
sides of the piston are equal, but will close and 
block or restrict the flow of oil to conduit 87 when 
a slight pressure differential exists on the upper 
side of the piston. Throttle valve 35 is designed 
to produce such pressure differential when the 
Speed of the engine reaches a point where the 
delivery of the pump exceeds the predetermined 
value. This automatic function is accomplished 
by adjusting the throttling valve to a position 
where it will permit free flow for the normal 
requirements of the hydraulic motors 20 and 23, 
but when this rate of flow is exceeded, the result 
ing pressure drop. across the throttle will cause 
valve 36 to close and restrict the flow of oil into 
conduit 3. 
The closing of valve 36 will result in a pres 

sure rise in conduit 2 which will react through 
the compensator to reduce the pump delivery by 
shortening the pump stroke. After the pump 
stroke has shortened sufficiently to compensate 
for the increased engine speed, the pressure dif 
ferential on valve 36 will be neutralized and the 

are attached. - 
Fluid pressure in conduit is conducted to an 

elevation control valve 4 and a training control 
valve 46 through annular groove 42, conduit is, 
and conduit 45. Both of these valves are shown 
in the closed position, in which position they block 
all flow from the pump. Under this condition 
the pump 29 will be set on Zero stroke by the Com 
pensator, but full operating pressure will exist 
in the conduits, so that both pressure and volume 
will be made available to the hydraulic motor 20 
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or cylinder 2 upon opening; one of the control 
valves 46 or 44. 
The training movement of the turret is in 

itiated and controlled by moving control valve 6 
by means of handle 46a in the direction in which 
the training movement is desired. To train right, 
valve 46 is moved. to the right where it admits 
pressure through conduit 4 to hydraulic motor 
20 where it is converted into torque to rotate 
pinion 2 on ring gear 7, thus training the turret 
to the right. . 

The exhaust fluid from the hydraulic motor 
passes through conduit 48 to valve 46 where it is 
metered through tapered grooves 52 (Fig. 9), 
which provide a means of controlling the train 
ing speed in proportion to the displacement of 
valve 46. Exhaust flow from valve 22 is then re 
turned to the supply tank through conduits 49, 50, 
and 5. Training to the left is accomplished by 
shifting the control valve 46 to the left to reverse 
the direction of flow to hydraulic motor 20. 
Conduit is provides a means of returning ex 

cess oil from gear case 58 to the supply tank 
through swive joint 9 and conduit 4. It will 
be noted that conduit 5 projects upward into 
the gear Case to serve as a stand pipe, so as to 
maintain a constant, oil supply in the case for 
lubricating the gearing. 
Clutch US provides a driving connection between 

hydraulic motor unit 2D and training pinion 2. 
In case of power failure the turret may be trained 
manually by attaching a crank to shaft a. In 
this event the clutch may be temporarily disen 
gaged so as to eliminate the resistance of the 
liquid in the hydraulic system during training 
movement. The clutch is shifted by means of 
hand ever 5. 
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The movements of the gun, in elevation and de 
pression, are entirely responsive to the move 
ment of sighting scope US, which, as best shown in 
Fig. 3, is manipulated by pistol grip S. Scopes 
is mounted on a horizontal pivot g which in 
turn is mounted on a vertical pivot S8). This 
notion is transmitted through the control 
plunger and interconnect g linkage or sig a 
means 25 between the sight scope and sp. g. 
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controlled waive 55, which controls the flow of oil 
into cylinder 28, 

In operation, to elevate the muzzle of the gun 
the pistol grip is manipulated so as to move the 
fore end of the sight upward. This causes valve 
$8 to be shifted upward where it admits pressure 
to the lower end of pressure chamber 59 of the 
cylinder and vents chamber 6 to tank through 
conduits 50 and 5. The arrows along linkage 25 
illustrate the movement for muzzle elevation. 
The gun will then move in elevation so long as 
the sight continues to move in that direction. 
When the sighting scope comes to rest on the 
target, valve 46 will also come to rest and the 
follow up movement of the gun will cause the 
ports in cylinder 23 to overtake the valve and 
block the passage of oil to or from chambers 59 . 
and 60, thus bringing the gun to rest on the tar 
get. Adjusting screw 6 is incorporated in the 
control linkage as a means of providing parallax 
correction between gun and sighting scope in the 
vertical plane. Adjusting screw 62 (see also Fig. 
2) provides a means of correcting for parallax in 
the horizontal plane. Electric wiring 63, shown 
leading from the forward end of the pistol grip, 

in case of power failure, the gun may be con 
trolled manually by grasping the stock. Under 
this condition the bypass valve 4 may be tem 
porarily shifted to the manual position where it 
bypasses the oil in chambers 59 and 69 to elim 
inate hydraulic resistance to the mo'ement of 
the gun during elevation and depression. 

In the modification shown in Figs. 4, 5 and 6, 
the elements and their functional relations with 
each other are similar to those described above, 
and similar numbers refer to similar parts on the 
two schematic diagrams. The principal differ 
ence between the operating and control elements 
in Figs. 4, 5 and 6, and the one previously de 
scribed, with particular reference to Figs, 1 and 
3, is in the arrangement of the various units. In 

, the arrangement shown in Fig. 4 the operator sits 
at a fixed control station in the main body of the 
tank, from which point he controls the movement; 
of the gun and turret. It will also be noted that 
the hydraulic motor assembly 23b for training 
the turret. 3b is likewise mounted in a fixed posi 
tion on the main body ob of the tank and that 
the training ring gear b is fixed as a part of the 
turret. This method of mounting the hydraulic 
motor 20b is desirable in the present arrange 
ment in order to simplify the piping system and 
control mechanism. 
The elevation and depression mechanism is the 

same as previously described in connection with 
sigs. and 3, with the exception of the control 
linkage 25b, which, as best shown in Fig. 6, is 
designed to permit linear motion to be trans 
mitted from the fixed control station and handle 
: through the swivel joint a 9b to control valve 
62. w '- 

he essential difference in the training mecha 
nisms between Figs. 1 and 4 is the incorporation 
of a follow-up and response device in the modifi 
cation shown in Fig. 4. The training motion is 
controlled by valve SS, which is designed for 
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This rotary motion is transmitted from the Eights 
ing scope assembly through gears 78, 4, 25, 28 
and slip joint . The slip joint is designed to 
transmit rotary motion to the helix Without re 
stricting the linear movement. Response motion 
is transmitted from the turret ring-gear 7b to 
gear 2 through gears 8, 9, 86, shaft 8, gear 82. 

In operation, movement of sight 68b and gear 
3 results in movement of the valve 65 which is 

shifted in a linear direction to open and admit 
pressure to the hydraulic motor 2b, through one 
or the other of conduits 69 or , depending upon 
the direction of motion desired. The response 
motion of the turret and shaft 8 then tends to 
reverse the valve and shut of pressure. In this 
manner training motion of the turret and sighting 
Scope are synchronized and are equal in speed, 
amplitude, and direction of rotation. This prin 
ciple will be more readily understood by studying 
the operation for training in one direction. 

Let it be assumed that the turret is to be 
trained to the right, that is, in a clockwise direc 
tion as viewed in Fig. 5. Moving the pistol grip 
37b to the right rotates helix in the direction 
which causes valve 65 to move forward where 
it admits pressure to hydraulic motor 20b 
through conduit 69. This pressure is converted 
into torque at the hydraulic motor 20b, thus 
causing the turret 3b to rotate in the clockwise 
or 'train right' direction. Exhaust flow from 
the hydraulic motor 20b returns to the control 
Valve through conduit and from there it is 
diverted to the supply tank through conduits 68 
and 5b. As the training movement continues, 
the response mechanism of the turret and shaft 
8 and connecting gears will tend to drive or 
rotate gear 2 on the helix and return valve 65 
to its neutral position. ' This response motion, 
however, will be effective in closing the valve 
Only in the event the training motion of the 
sighting scope is arrested; for so long as the 
sighting scope continues to move, gear 72 and 
helix will rotate together and there will be no 
relative motion between them. . . 
By correlating the above analysis of operat 

ing principles of the modification shown in Figs. 
4, 5 and 6 with those of the elevating mechanism 
previously explained in connection with Figs. 
1, 2 and 3, it will be seen that the follow-up ar 
rangement shown in Figs. 4, 5 and 6 provides a 
means for Synchronizing the gun with the sight 
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linear movement in a valve body 22a, but it is . 
normally held in the neutral position, as shown 
by the centering spring 68. In this position it 
blocks the pump pressure line 6 and hydrauli 
cally locks the turret in position by blocking both 
conduits 69 and 9 of the hydraulic motor. 

Linear motion is transmitter to valve 65 by 
rotating the helix in the response gear 2. 

70 

ing scope in both training and elevating, and 
for controlling the same by means of a single 
control lever or pistol grip 57b. 
The Operating principles in training left are 

similar to those just described for training right. 
Fig. 7 is a fragmentary plan of a stabilizing 

device which is designed to be incorporated in 
the control mechanism of the elevating system 
for the gun in such manner as to compensate 
for any pitching motion of the tank which may 
be caused by irregularities in the terrain over 
which the tank is passing. The drawings rep 
resent the top plan of the device as it may be in 
stalled as a part of the control mechanism shown 
in Fig. 2. Pistol grip 5c is indirectly connected 
to the sighting scope control plunger 83, of the 
control valve mechanism through differential 
gearing 86. The third element 38 of the differ 
ential is connected to an inertia device 8 through 
gears 66 and 82 so that it is constantly held in a 
fixed plane. A gyroscopic device 85 has a torque 
axis 85a leading to gear 8. The spinning axis 
is at 35b while the inertia, wheel 85c lies in a . 
horizontal plane. Any movement of the tank 

  



4. 
from horizontal will cause shifting of part 88 
to horizontal to effect correction. It will be 
understood that the housing carrying the differ 
ential gearing may form a part of the sighting 
scope assembly housing 25a, or at least is like the 
sighting scope assembly fixedly positioned rela 
tive to the turret 3. The inertia device is pref 
erably of the gyroscopic type, which will main 
tain itself in constant alignment in a fixed plane. 
With the stabilizing device of Fig. 7 forming 

a part of the control structure shown in Figs. 1, 
2 and 3, and with the third element of the differ 
ential restrained from rotation by the inertia de 
vice, it will be readily understood that any move-.. 
ment of the pistol grip 57 b will be transmitted 
through the differential gearing to plunger. 83 
and to the control valve link 25, for bringing the 
gun on the target. It will also be understood 
that any deviation of the tank from the plane 
which it was in at the time, the gun was pointed 
will tend to move the gun off the target. The 
alignment of the inertia device, however, will 
not change from its original plane and under 
such conditions it has the effect of introducing 
a correction factor proportional to the misalign 
agent of the tank, so that the gun and sight will 
be held on the target, irrespective of the pitching 
motion of the tank. . . f . . . 

It will be understood that the stabilizing de 
vice as illustrated in Fig. 7 may be added to the 
control unit of the modification illustrated in 
Figs. 4 and 6. In this case the actuation of the 
control lever 25b and the control gear 3 4. 
would be by means of a pistol grip through differ 
ential gearing. 
An important feature. Of the designs as shown 

in Figs. 3 and 6 is the arrangement of the con 
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telescope 58b are stationary as far as training 
movement is concerned, valve 65 would be closed 
and the trapped liquid would prevent or Subdue 
kick back or overhaul such as would be caused 
by the firing of a single gun which would tend 
to cause whip of the gun about the vertical axis 
of the turret. If the gun 55 should be fired 
while the turret is training to the right, there 
would be a tendency for the turret and the gun 
to whip to the right and this motion transmit 
ted through the shaft 8 and gears 2, 2 would 
move the valve 65 towards closed position to im 

5 

mediately set-up reaction against further whip 
ping or overhaul movement of the turret. On the 
other hand, if the gun 24 should be fired during 
this right hand training movement, the first 
instantaneous reaction would be to cause further 
opening of the valve 65, thus directly counter 
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trol valves and synchronized Operating levers 
to produce an effective anti-kick against the re 
coil of the gun or guns. As best shown in Fig. 
3, the control linkage 25 and the ports connect 
ing the control valve 44 with the chambers 59 
and 60 are so arranged that when the pistol grip 
57 is moved upwardly for elevation, valve 44 is 
likewise moved upwardly to direct fluid pressure 
to the chamber 59. If the gun is fired when the 
telescope 58 is "on' the target, the valve 44 will 
be in neutral, the ports will be closed and any 
recoil will be absorbed by the oil in the cylin 
ders; however, if the gun is fired as the same 
is being elevated, or for any reason the gun is 
moving counter-clockwise about the trunnions 
6 at the time of firing, the counter-clockwise 
movement of the valve casing 23 will tend to 
move the valve 44 downwardly to close the valve, 
Or move it to a point to admit liquid to the cham 
ber 60, thus in either case tending to counteract. 
recoil of the gun. If the gun should be fired 
while the pistol grip is moving downwardly, 
which would be depression movement of the 
muzzle of the gun, recoil would move the valve 
44 downwardly relative to the casing 23 and 
would tend to keep the valve open so that oil 
under pressure would continue to flow to the 
chamber 60, thus counteracting the recoil action. 
The anti-kick action of the elevating-depres 

Sion actuating and control members as shown in 
Fig. 6 is essentially the same as that above de 
scribed with specific reference to Fig. 3. In ad 
dition, the control valve 22b, its associated parts, 
and the response mechanism for controlling the 
training movement, are so arranged and corre 
lated that effective anti-kick action is obtained 
against the firing of only one of the guns, as 
shown in Fig. 5. If the pistol grip 57 b and the 
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acting the tendency of the gun and the turret 
to whip to the left. As will be readily seen in 
Fig. 6, the valve 65 and the response mechanism 
connecting the same to the turret are so dea 
signed and arranged as to prevent or subdue kick 
back or overhaul due to firing of one or the other 
of the guns during training movement to the 
left, in the same manner as above described with 
respect to training to the right. 
What I claim is: 

. 1. In an army tank, a stationary portion, a 
movable gun supporting. portion, a source of liq 
uid under pressure in said stationary portion, 
motors in said movable portion for shifting the 
same and elevating a gun mounted thereon, con 
duits connecting said motors with said pressure 
source, means in said conduits for permitting 
movement of said movable portion relative to said 
stationary portion comprising a central stud 
formation mounted on said stationary portion 
having conduits extending upwardly therein con 
necting with ports in the outer surface thereof, 
a portion mounted on said movable portion sur 
rounding said stud having ports therein adapted 
to register with the ports in the surface of said 
stud, and conduits connecting the ports in said 
surrounding portion with the conduits of said 
movable portion, an operating scope on the sta 
tionary portion of the tank, follow valve means 
on said turret for controlling the elevating motor 
and linkage connecting the scope and the fol 
low valve for operation of the valve, a portion of 
said linkage passing centrally through said stud 
and having longitudinal movement therein and 
serving as signal and response mechanism. 

2. In an army tank, a revolving gun turret, a 
trunniori mounted gun on said turret, means for 
effecting the movement of said turret relative to 
said tank, a sighting scope on said turret mount- . 
ed independently of said gun, a source of hy 
draulic pressure, a motor for elevation adjust 
ment of said gun comprising a piston and rod 
suspended from said turret, a cylinder on said 
gun to the rear of the trunnion thereof in which 
said piston is located, a valve block also movable 
with said gun connecting said pressure source 
with said valve block, means connecting said 
valve block with the respective ends of said cyl 
inder, and linkage connecting said scope and said 
valve and block whereby movement of said scope 
will cause shifting of said valve, said valve being 
designed to direct pressure to one end or the 
other of said cylinder depending on the direction 
of movement of said scope, said linkage Consti 
tuting not only a signal means from said scope 
to said valve but also a response mechanism 
whereby movement of said gun is directly prose 
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portional to the movement of Said scope in a 
follow-up arrangement. 

3. In an army tank, a movable gun turret 
mounted thereon, hydraulic motor means for 
shifting said turret, a gun movably mounted on 
said turret and hydraulic motor means rigidly 
connected to said gun and pivotally supported 
from said turret for shifting said gun to prop 
erly elevate the same, means in said turret for 
carrying an operator, a scope mounted on said 
turret to be manually adjusted by said operator, 
a source of hydraulic pressure, control means for 
directing pressure to each of said motors to effect 
training of said gun and elevating of the same, 
signal means connecting one of said control 
means to Said scope whereby elevation adjust 
ment of said Scope will effect simultaneous eleva 
tion of Said gun, and a response mechanism op 
erably connecting said gun and said control 
means whereby movement of said gun is directly 
proportional to the movement of said scope, and 
Stabilizer means comprising a differential inter 
posed in Said signal means and a gyroscopic ele 
ment connected to one element of said differ 
ential whereby change of level of said tank will 
impart correcting signals to said control means 
to maintain the aim of said gun. 

4. in an army tank, a rotatable gun turret and 
a combined hydraulic and manually operated gun 
mounted on said turret, piston and cylinder 
Structure connecting the turret and a portion of 
the gun for hydraulically supporting and con 
trolling the movement thereof, and a follow up 
type control valve for controlling the flow of op 
erating liquid to said piston and cylinder struc 
ture, and by-pass means to connect the ends of 
the cylinder to allow interflow of said operating 
liquid thus permitting manual operation of the 
gll. 

5. In an army tank, a rotatable gun turret and 
a combined hydraulic and manually operated gun 
mounted on Said turret, piston and cylinder 
structure connecting the turret and a portion of 
the gun for hydraulically supporting and con 
trolling the movement thereof, a follow up type 
control valve connected to and movable with said 
cylinder for controlling the flow of operating liq 
luid to said piston and cylinder structure, means 
to permit manual operation of the gum comprise 
ing by-pass conduits for operating liquid in said 
cylinder, and centering means for said follow up 
valve for positively insuring centering of the 
valve parts when the gun is stationary. 

6. In an army tank of the type having a rotat 
able gun turret and a gun carried thereby, hy 
draulic motors for training the turret and gun 
and for elevating and depressing the gun, at least 
One of Sald motors being movable with said tur 
ret, a follow-up control valve integrally conce 
nected to and movable with said last named mo 
tor, a sighting Scope, directional means directly 
Connecting said scope and said valve for obtain 
ing synchronous movement of the scope and 
gun, a source of pressure Supply mounted in a 
fixed part of the tank, and distributing means 
for conducting fluid under pressure from said 
pressure source to one or more of said movably 
mounted notors. 

7. In an array tank, a rotatable gun turret, & 
source of hydraulic pressure, a hydraulic notor 
carried by the turret and hydraulically support 
ing one or more guns for elevating and depress 
ing the same, and a manually controlled valve 
of the follow up type integrally connected to and 
movable with said moto, or controlling the flow 

0 

15 

20 

25 

30 

35 

45 

50 

55 

80 

85 

70 

76 

S. 
of operating liquid to and from said motor and 
for directing said gun, said valve and said mo 
tor being so arranged as to prevent or subdue 
kickback due to firing of the gun or guns whether 
the gun is fired when stationary or during ele 
vation of depression thereof. 

8. In an army tank, a rotatable gun turret, 
a hydraulic circuit including a source of pressure 
Supply and a hydraulic motor for controlling 
training of the turret and the gun or guns 
therein, and a confined hydraulic motor and con 
trol valve pivotally mounted on said turret and 
Operatively connected to said gun or guns for 
elevating and depressing the gun or guns, a sight 
ing scope, gun directing means directly connect 
ing Said Scope and elevating motor and control 
valve and indirectly connecting said scope and 
training motor through a follow up type valve for 
controlling movement of the gun and whereby 
movement of the gun and Scope are synchronous 
and controlled by said single directing means. 

9. In an army tank, a rotatable gun turret, a 
hydraulic circuit including a source of pressure 
Supply and a hydraulic motor for controlling 
training of the turret and the gun or guns there 
in, and a combined hydraulic motor and follow 
up valve operatively connected to said turret 
and said gun or guns for elevating and depressing 
the gun or guns, a sighting Scope, a single gun 
directing means directly connecting said scope 
and Said combined motor and valve and indi 
rectly connecting said scope and training motor 
through a follow up type valve for controlling 
movement of the gun and whereby movement 
of the gun and scope are synchronous and con 
trolled by said single directing maeans, the con 
necting means between said directing means and 
follow up valves being such that training and 
elevating movements are controlled entirely by 
movement of said single directing means by the 
operator, said follow up valves including re 
sponse means for centering the valve member 
to the respective follow up valves when either or 
both of said movable members catches up with 
movement of said directing means, said follow up 
valves, connecting means and response means 
being so arranged as to prevent kick back of the 
gun and prevent kick back or overhaul of the 
turret due to the firing of a wing gun in a mull 
tiple gun installation. 

0. In a land tank, a rotatable gun turret and 
a combined hydraulic and manually operated 
gun mounted on said turret, piston and cylinder 
structure connecting the turret and a portion of 
the gun for hydraulically supporting and con 
trolling the movement thereof, a follow-up type 
control valve for controlling the flow of oper 
atting liquid to said piston and cylinder structure, 
means for manual manipulation as a control 
lever, and linkage connecting said means and 
Said valve serving as a signal means to Said valve. 
and also as a response mechanism to reflect 
movement of said gun and limit movement there 
of to a proportional amount of the movement of 
the manual means. 

11. In a land tank, a rotatable gun turret and 
a combined hydraulic and manually operated 
guara Rolated on said turret, hydraulic motor 
means for elevating the gun or rotating the tura 
ret, a source of liquid under pressure compris 
ing a variable delivery pump and compensating 
means thereon including a constant volume flow 
control valve for effecting constant flow delivery 
from said pump, a follow-up control type valve 
for egch of the notors controlling the flow of 

  



6 
liquid from the source of pressure to the motors, 
a means for manual manipulation as a control 
lever, and linkage connecting said means and 
Said valve serving as a signal means to said valve 
and also as a response mechanism to reflect 
movement of said gun and limit movement there 
of to movement of the manual means. 

12. In an army tank of the type having a 
rotatable covering gun turret for carrying an op 
erator and a gun supported therein, a hydraulic 
motor pivotally suspended on the turret above 
the operator's position and operatively connected 
to the gun for elevating and depressing the gun, 
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valve movable with said gun for controlling the 
flow of operating liquid to said piston and cylin 
der structure, a sighting scope, means for man 
ual manipulation as a control lever, and linkage 
connecting said means and said valve responsive 
to movement of the manual control lever to shift 
said valve and operable upon movement of the 
gun to stabilize the valve position and thus re 
fect movement of said gun and limit movement 
thereof to a proportional amount of the nove 
ment of the manual means, and means to ad 
just the relationship between said control leyer 
and said linkage signal means to correct for par 

a follow-up control valve connected to and mov 
able with said gun, a sighting scope, and direc 
tional means directly connecting said scope and 
Said valve for obtaining synchronous movement 
of the scope and gun. 

13. In an army tank of the type having a ro 
tatable covering gun turret and a gun supported 
therein, a hydraulic motor having one of two 
relatively movable elements pivotally suspended 
on the turret and the other operatively connected 
to the gun for elevating and tiepressing the gun, 
a follow-up control valve integrally connected to 
and movable with the element of said motor 
which is connected to the gun, a sighting scope, 
and directional means directly connecting said 
scope and said valve for obtaining synchronous 
movement of the scope and gun. 

14. In a land tank, a rotatable gun turret and 
a combined hydraulic and manually operated gun 
mounted on said turret, piston and cylinder struc 
ture Connecting the turret and a portion of the 
gun for hydraulically supporting and controlling 
the movement thereof, a follow-up type control 
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allax differences between said sighting scope and 
said gun. 

15. In an army tank, a rotatable gun turret, 
a hydraulic circuit, including a source of pres 
sure supply and a hydraulic motor for controlling 
training of the turret and the gun or guns there 
in, and a combined hydraulic motor and control 
valve pivotally mounted on said turret and op 
eratively connected to said gun or guns for ele 
vating and depressing the gun or guns, a sight 
ing scope, gun directing means directly connect 
ing said scope and elevating motor and control 
valve and indirectly connecting said scope and 
training motor through a follow up type velve. 
for controlling movement of the gun and whereby 
movement of the gun and scope are synchronous 
and controlled by said single directing means, and 
means to adjust the relationship between Said 
scope and said follow up valve to correct for par 
allax differences between said Scope and said 
gll or gllS. 
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