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UNITED STATES PATENT OFFICE 
TEMPERATURE COMPENSATED FORCE 
AND MOTON TRANSMITTING SYSTEM 

Stanley. MacDuff, South Bend, End, assignor to 
Bendix Aviation Corporation, South Bend, Ind., 
a corporation of Delaware 

Application March 1, 1950, Serial No. 147,025 
(C. 60-545) 0 Claims. 

This invention relates to a hydraulic mecha 
nism and more particularly to a device which 
compensates for tenperature waYiations in a 
force and motion transmitting System. 
An important object of the invention resides 

in the provision of a device capable of maintain 
irag a predeteriained pressure in a closed hy 
draulic systema. 
Another object of the invention is to provide 

a device for use in a hydraulic system of the 
force and motion type for maintaining the pres 
Stre in said system at a fixed ratio with respect 
to the pressure of the source. 

It is still further important object of the in 
wention to provide a device to be interposed be 
tween a fluid pressure source and a force and 
motion transmitting System for maintaining a 
fixed pressure ratio between the source and the 
system by connecting the system to the source 
at times when the pressure in the Systern drops 
below a preselected value and exhausting fluid 
from said system when the pressure therein ex 
ceeds a preselected value. 
The above and other objects and features of 

the invention will be apparent from the follow 
ing description of the apparatus taken in Con 
nection with the accompanying drawing Which 
forms a part of this specification and in which 
the single figure represents diagrammatically 
the preferred form of invention. 

Referring now to the drawing I will first de 
scribe a fluid pressure Source which comprises. a, 
pump having its inlet side connected to a 
fluid reservoir 2 and its outlet Side. Connected to 
an accumulator 4 via a regulator or unloading : 
valve 6, the latter or which is capable of by 
passing fluid to the reservoir when the accumu 
lator pressure reaches a predetermined Value 
determined by the unloading Valve Setting. A 
elief valve 8 is interposed between the dis 
charge side of the pump and a return line 20 
to prevent excessive pressures from building up 
in line 22 which connects the outlet of the pump 
to the Lunloading Wave. The return line 2 con 
nects the unloading valve to the reservoir for 
returning fuid to the same when the predeter 
mined accumulator pressure is attained. 
The fluid pressure source hereinabove is COne 

aecited to a force arad motion transmitting Sys 
ten having a transmitter unit 24 and receiver 
unit 2S interconnected with pipe lines 28 and 3) 
for supplying fluid to opposite ends of cylinders 
32 and 36 respectively. This force and notion 
transmitting systern may serve in a number of 
capacities, such for example as a hydraulic steer 
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ing device. Pistons 36 and 38, located in the 
transmitter and receiver units respectively divide 
the cylinders of these units into opposed Chane 
bers. A conduit (0, having a manually con 
trolled valve (2 therein, communicates the ope 
posed chanbers of the transmitter unit with 
each other when the valve is open. A conduit 44, 
having a manually controlled valve 6 therein, 
coinaunicatas the egposed chambers of the re 
ceiver unit with each other when the Wave 45 
is Open. 

It is a purpose of this invention to provide a 
Waive device 5 which will maintain the fluid 
bressure in the closed system a fixed ratio With 
respect to the fluid pressure source. Variations 
of pressure in the closed System might, for ex 
ample, be caused by temperature Wariations. 
The Valve device is connected to the source by 
a pipe line 52, and to the pipe line 28, of the 
closed hydraulic System by a conduit 53. A fuid 
Connection 5 extends from the valve device to 
the return line 2. A pipe 58, having a hand 
valve is therein communicates the pipe line 28, 
of the force and transmitting System, to the 
return line 29. A hand valve 82 is located in 
the line 28 to be closed when the system is purged 
in a nanner to be hereinafter described 
Under normal operating conditions the Valve 
62 is open to permit cornmunication between the 
trainSinitter and receiver units. 
The valve device 5 comprises a housing 

provided with a stepped bore 72, in which a 
piston or plunger 4 is positioned for controlling 
the pressure in the force and motion trans 
Initting System. The plunger is formed so that 
the area of the large end of the piston bears 
a definite ratio to the area of the Small end 8. 
This ratio is chosen to meet the requirements 
of the System depending upon the maximum 
preSSure available at the source and the pressure 
desired in the closed system. A passage 8, 
which communicates the intermediate section of 
the bore with one end of the large bore, is con 
nected to the line 28 through the pipe 54. A 
passage 82, which has one end terminating in 
the intermediate Section of the bore and the 
other end of the passage connected to the op 
posite end of the bore, is adapted to corninuini 
cate with the fluid pressure source via the pipe 
line 52. A paSSage 84, which has one end ter 
minating in the Opposite end of the large bore 
and the other end of the passage terminating in 
the intermediate section of the bore, is adapted to 
communicate with the return line 2, of the 
fluid gressure source, through pipe 56. The 
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small portion of the plunger is reduced at 86 so 
that when the valve device is in balance, as 
shown in the figure, the Small piston covers one 
end of the passages 82 and 84, thus cutting off 
communication between the fluid pressure source 
and the force and motion transmitting system. 
Unwanted movement of the piston 38 of the 

receiver unit may cause serious damage, if the 
force and motion transmitting system is used in 
connection. With steering a vehicle, for example. 
Under certain circumstances, such for example, 
if line 30 should be broken, the pistons 36 and 
38 would be forced to the left and right ends 
of the cylinders 32 and 34 respectively thus mov 
ing the load to which the piston 38 is connected. 
Since the load on the piston 38 will offer a, 
greater resistance to its movement than Will the 
unloaded piston S6, the latter will be the first 
to move to the extreme position in their respec 
tive cylinders. To guard against this aforemen 
tioned danger novel means is installed for inter 
rupting the Supply of fluid to line 28. The novel 
means includes a normally open Switch 9 Se 
cured to the left end of the cylinder 32. A stem 
92, for actuating the Switch, extends through 
the cylinder wall for engagement with the piston 
36 when forced to the extreme left end of the 
transmitter unit to thereby close an electrica 
circuit which energizes a nortnally open Solenoid 
valve 94 located in the line 52, between the 
accumulator 4 and the reducing valve 50. 
When energized the solenoid valve cuts off com 
munication to line 28. The electrical circuit 
for energizing the solenoid is connected to any 
suitable source of current, not shown. 

Operation and function of the apparatus 

When replenishing or adding fluid to the force 
and motion transmitting system valve 62 is closed, 
and valves 42, 46, and 60 are opened. Under 
these conditions the piston 4 is urged toward the 
top under the influence of the fluid pressure 
Source acting on the small end 78 of the piston, as 
viewed in the drawing, thus communicating pas 
sage 82 with the pipe line 54. it can thus be 
seen that circulation through the entire closed 
hydraulic System is accomplished, thereby purg 
ing the system of air, etc. After completion of 
the purging operation the valve 60 is closed first 
followed by closing valves 42 and 46 after center 
ing the pistons 36 and 38, and finally opening the 
valve 62, thus preparing the System for use. 

For the purpose of exemplification only, as 
Sume that the fluid pressure source delivers fluid 
under 3,000+ p.s. i. and the pressure in the force 
and motion transmitting System is to be main 
tained at 600: p. s. i. With this requirement of 
the Systern in mind the piston is now formed so 
that the large end 6 is five times the area of the 
Small end 8 or a ratio of 5 to 1. Hence a pres 
sure of 600 it p. s. i. acting on the large end of 
the piston will just balance 3,000 it p. S. i. acting 
on the Small end of the piston. This condition 
of balance is illustrated in the figure. 

ASSuine an unbalance across the ends of the 
piston created by a reduction in pressure in line 
28. The reduction in pressure might be caused 
by a reduction in temperature or a leak in line 
28 or 30. This Will mean that the pressure of 
the fluid acting on the large end of the piston 
will have been reduced, thus allowing the piston 
to move upwardly due to an unbalance, uncover 
ing the passage 82, and communicating the pas 
sage 80, line 54, and line 28 with the 3,000i p.s. i. 
Source via the reduced portion 86. Obviously this 
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will move the piston downwardly so that the re 
duced portion 86 is now centered in the bore in 
a manner to cut off communication between the 
passages 82 and 80. 

If the pressure in the line 28 due to a rise in 
temperature exceeds the 600i. p. S. i. the piston 
74 will be forced downwardly from the neutral 
position shown in the drawing, to thereby cause 
the reduced portion 86 of the piston to Commu 
nicate the line 28 with the return line 56 thus 
releasing the excess pressure on the large end 
of the piston. The piston now moves upwardly 
under the influence of the 3,000: p.s. i. pressure 
Source until the total forces acting on the Oppo 
site ends of the piston are balanced, at which 
time the piston will again assume the position 
shown. 
Although this invention has been described in 

connection with certain specific embodiments, the 
principles are Susceptible of numerous other ap 
plications that will readily occur to perSons skilled 
in the art. 

Having thus described the various features of 
the invention, what I claim as new and desire 
to Secure by Letters Patent is: 

1. In combination, a fluid pressure source, a 
double acting fluid force and motion transmitting 
System including a pair of conduits connecting 
the transmitter and receiver units, and means 
interposed between Said source and One of Said 
conduits for maintaining the fluid pressure in 
said system at a fixed ratio with respect to the 
preSSure SOurce. 

2. In cornbination, a fluid pressure Source, a 
fluid force and motion transmitting System in 
cluding a pair of conduits connecting transmitter 
and receiver units, and a valve device capable of 
admitting fluid under pressure to one of said con 
duits from said source and also of releasing fluid 
fron said one conduit to thereby maintain the 
pressure in the system at a predetermined value. 

3. In combination, a fluid pressure Source, a 
fluid force and motion transmitting system in 
cluding a pair of conduits connecting the trans 
mitter and receiver units, and a valve device con 

6. 

() 

Scious to the pressures of Said Source and in one of 
said conduits for automatically raintaining the 
pressure in the System at a preselected value. 

4. In combination, a fluid pressure source, a 
fluid force and motion transmitting system in 
cluding transmitter and receiver units connected 
together by a pair of pipelines, and a valve device 
having connections to said Source and to One of 
Said pipe lines, Said valve device including a 
moveable member for controlling flow between 
Said source and said System and responsive to a 
predetermined unbalance in pressures existing at 
Said Source and in Said System for maintaining 
the pressure relationship therebetween at a pre 
Scribed ratio. 

5. In Combination, a fluid pressure source, a 
fiuid force and motion transmitting system in 
cluding transmitter and receive units connected 
together by a pair of pipelines, and a valve device 
for keeping the fluid in one of said pipe lines at 
a predetermined pressure with respect to said 
preSSure Source and having connections to said 
Source, to a return, and to Said one pipe ine, said 
valve device comprising valve means conscious to 
the pressures of the Source and in said one pipe 
line for communicating said one pipe line with 
either said source or said return. 

6. In combination, a fluid pressure source, a 
fluid force and motion transmitting system in 
cluding transmitter and receiver units connected 
together by a pair of pipelines, and a valve device 
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for keeping the fluid in one of said pipe lines at 
a predetermined pressure with respect to said 
preSSure Source and having connections to Said 
Source, to a return, and to Said one pipeline, said 
valve device including a member constructed and 
arranged to control the fluid in Said connections 
and responsive to the difference in pressure of 
the Source and in Said one pipe line. 

7. In combination, a fluid pressure source, a 
fluid force and motion transmitting System in 
cluding transmitter and receiver units each pro 
vided with a piston, a connection between said 
Source and System, and means in Said connection 
for controlling fluid under pressure to said sys 
tem, Said means being responsive to movement of 
the transmitter unit piston to an extreme position 
for cutting off the system from said source. 

8. In Combination, a fluid pressure Source, a 
fluid force and motion transmitting system in 
cluding transmitter and receiver units each pro 
vided with a piston, means for controlling com 
munication between the System and the pressure 
Source comprising means carried by said trans 
mitter unit and connected to Said first named 
means for causing actuation thereof upon move 
ment of Said transmitter piston to an extreme 
position, to thereby cut off the pressure source. 

9. In combination, a fluid pressure source, a 
fluid force and motion transmitting system in 
cluding transmitter and receiver units, a fluid 
control device interposed between the source and 
System, and means carried by said transmitter 
unit and Connected to said control unit for ac 
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tuating the same upon predetermined movement 
of said transmitter, whereby the system is cut 
off from the Source. 

10. The combination with a fluid force and no 
tion transmitting System including transmitter 
and receiver units interconnected by two fluid 
paSSages, of means Connectable to a fluid pressure 
Source, to a return, and to one of Said fluid pas 
Sages for maintaining the fluid pressure in Said 
System at a fixed ratio with respect to said source, 
Said means including a valve device provided 
with a moveable member on which the pressure 
from the Source acts in One direction and on 
which the pressure existing in said one fluid pas 
Sage acts in the Opposite direction, Said member 
being responsive to a predetermined unbalance 
in pressure thereaCrOSS for controlling flow be 
tween Said one of the fluid passages and the 
source On the One hand and between the said one 
fluid paSSage and the return on the other hand. 

STANLEY I. MACOUEF. 
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