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1

This' invention relates to hydraulic actuating ..

mechanism and more particularly to a hydraulic
actuating mechanism permitting the fluid to
expand and contract in response to changed tem-
perature conditions.

. An object of this invention is to provide a
double .channel control mechanism having a
master unit and a motor unit, wherein the hy-
draulic fluid is permitted to expand and con-
tract in response to temperature changes with-
out. influencing .the accuracy and the sensitivity
of the device.

Another object of this mvention is to provide
for adjustments in the volumetric cavity for two
fluid channels of equal capacity, which volu-
metric cavity adjustments operate simultane-
ously and equally.

Another object of this invention is to provide
for adjustments in the volumetric cavity for
two fluid channels of equal capacity, which
volumetric cavity adjustments operate simul-
taneously and equally, said volumetric adjust-
ments being made inoperative whenever the hy-
draulic control mechanism is actuated from one
position to another. .

Another object of this invention is to provide
2, hydraulically controlled remotely mounted de-
vice, which device has accuracy, ample power
and great sensitivity. . .

Other objects and. advantages reside in the
construction of parts, the combination thereof
and the mode of operation, as will become more
apparent from the following description.

Referring to the drawings:

Figure 1 discloses a hydraulic driving unit,
which may be referred to as the master, and a
driven unit, which may be referred. to as the
motor unit.

Figure 2 is a fragmentary sectional view taken
substantially on the line 2—2 of Figure 1.

Figure 3 is a cross sectional view of a modi-
fication of a driving unit wherein compensation
for contraction and expansion of the hydraulic
fluids is hydraulically controlled.

Flgure 4is a fragmentary cross sectional view
taken substantially on the line 4—4 of Figure 3.

Figure 5 is a cross sectional view of another
modification wherein the mechanism for caus-
ing the adjustment compensating for contrac-
tion and expansion of the fluids is made inoper-~
ative by electric control means.

Figure 6 is an enlarged fragmentary view of
a portion of the piston with the sealing unit
shown in cross section.

Figure 7 is an enlarged. cross sectional view

of one of the floating pistons and a portion of .

2.
the mechanical control mechanism used in the
preferred embodiment.
Hydraulic. means have been used to con-
trol mechanism remotely -located. Generally, a
piston is used to actuate the fluid supplied by

. conduits to.a remote point where the fluid ac-
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tuates the piston in one direction, the piston
being returned by some type of a mechanical
or driving device, the most common practice
consisting of a spring actuating the piston into
home position. This type of control mechanism,
however, is not absolutely reliable, in that the
remote piston is not positively returned to home
position. . If the resistance for returning this
piston to home position is greater than the force
exerted by the spring, the piston will not be re-
turned. Such a return of the piston may be
prevented by the congealing or the resistance
of the fluid, by the piston sticking, by the load
or by a combination of the above. Furthermore,
the position of the piston depends upon the
volume of the hydraulic fluid, which wvolume
varies in response fo temperature changes, as
is well known to those skilled in thé art.

That being the case, it is desirable to pro-
vide .a remote control wherein the controlled
unit. or the driven unit, sometimes referred to
as. the motor unit, is positively driven in both
directions. This  is accomplished by utilizing
two hydraulic fluid motors operating in parallel,
the fluid of one motor being confined to one side
of the pistons, the fluid of the other motor being
confined to the other sides of the pistons.
Theoretically, such a system seems to be the ideal
solution; but in practice, such a system is not
satisfactory unless means is provided for tak-
ing care of the contraction and expansion of
the fluids and expansion and contraction of the
parts used in confining the fluids.

Such means has been provided in the device
disclosed herein in such a manner that volu-

" metric displacements, due to contraction. or ex-
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pansion, operate simultaneously and equally, so
that the volumetric displacement in both fluid
channels is the same from time to time. The
device for compensating for changes in volu-
metric displacement is preferably made inoper-
ative, or substantially so, when the control mech-
anism is used in actuating a remotely located
mechanism, as will appear more fully from the

- detailed description that follows.

56

Master unit

In ,the draw_ings, the reference character 10
indicates the main body portion of the master

- drive unit, This body po:_tiou 10 is provided with
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3
4 cylindrical cavity 12.
closed therein a piston rod 14 connected to a
link {6 actuated by a lever 18, pivotally mounted
at 28 to a brake rod 22, which will be described
more fully later.
attached thereto a slidable piston 24 provided
with a peripherally disposed groove or channel
26, having seated therein a rubber ring or gasket
member 28 providing a .seal. Thée sides of the
channel 26 and the cyllnder wall form g 45°
angle, so as to provide a suitable arrangement

for sealing the juncture between the piston andf

the cylinder wall.

The piston rod 14 has fixedly

This cylinder has en- :

10

Cavities 38 are located on each side of the p1s-

ton 24. In addition to the piston 24 fixedly at:
tached to the piston rod 14, a pair of floating

cylinder heads 382 and 34 are mounted for slid-

15

ing engagement on the piston rod 14 and form. -

end walls for the cavities 80, the floating cylinder
- head 32 being located to the right of the piston
- 24, as viewed in Figure 1, and the cylinder head
. 84 to the left of piston 24. The cylinder: heads
22 and 34 are each provided with peripherally
. disposed channels 36, provided with -sealing
- rings 38. In addition thereto, the cylinder heads
. 82 and 34 are provided with internally disposed
channels 48, having mounted therein . sealing
rings or gaskets 42, _

The floating cylinder heads 32 and 24 do not
move. in response to movement of the piston
rod 14; but are used for the purpose of compen-
sating for variations of volumetric displacement
of the fluid caused by temperature changes re-

sulting in expansion or contraction of the flui@ -

and-in expansion and contraction of the parts
confining the fiuid. In order that the slave unit,
which will be described later, shall respond ac-
. curately to the movements of the master piston
24, it is absolutely essential that the movement
of the two cylinder heads 32 and 34 be in op-
posite directions and equal. This is so as to in-
sure the same volume for the fluid to the right
of the master piston as the volume for the fluid
to the left.” If the two cylinder heads 32 and 34
do not move in opposite directions in unison
through equal distances, it' would be impossible
to maintain accurate control of the motor unit.
- 'That being the case, it is necessary to provide a
mechanism for controlling the movements of the
two cylinder heads 32 and 34, so that these move-
ments shall at all times be equal and in opposite
‘directions. This may be done by a mechanical
control mechanism, by a hydraulic - control
mechanism or by an electric control mechanism,
.as will appear more fully from the detailed- de-
scription that follows.

In the preferred embodiment shown in Flgure
1, the mechanism for controlling the movement
of the cylinder heads 82 and 34 includes a spring
motor having a spring 50 with one end attached

52 to the main frame of the body portion 9
and the other end 54 attached to a washer-like
member 56 fixedly attached to a bolt or stub-
shaft 88 supporting a brake drum 68 and a pinion
2. Both the brake drum 60 and the pmlon 62
are fixedly attached to member 58.

As may best be seen by referring to F1gure 2,
the pinion 62 engages teeth in member 64 and
teeth in member 8. Member 64 is actuated to
one side of the pinion 62 and member 66 to the
‘opposite side, so that as the pinion 62 rotates
in- a clockwise direction in Figure 2, members
-84 and 66 move outwardly in opposite directions.
‘When the pinion 62 is rotated in a counterclock-
wise direction, members 64 and 66 move inward-
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iy and toward each other, that is, in opposite
directions. Member 64 is provided with a bifur=
cated arm member. 70 straddling the cylinder
head rod 14 and engaging the sleeve 32a of the
piston 32. The bifurcations are arcuate, as best
seen in Figure 7, so that each furcation engages
the sleeve 32¢ integral with the cylinder head 32,
at a single point. Member 66 is provided with

‘a bifureated arm’ or extensmn 14 engaging the

sleeve 34 of the cylinder head 24. The spring
motor is so positioned that the spring at all
times urges or biases the arins or extensions 14
towards the-cylinder heads 32 and 34 respec-
tively, so as to maintain the fluid in the cavity
under compression at all times. Due to the
pinion and ratchet mechanism, the cylinder
heads 32 and 34 are actuated through equal
inerements simultaneously in opposite directions.
Whenever the volumetric displacement of the
fiuid decreases, the spring motor. actuates the
cylinder heads 32 and 34 towards each. other,
so as . to compensate for the  decrease in the
volumetric displacement. ~Whenever the fluid
expands or requires a greater space in the cyl-
inder 12 in order to accommeodate the fluid in the
system, the force of the fluid actuates the cyl-
inder- heads 32 and 34 outwardly against the
force -exerted by the spring motor, so as to
create g larger cavily in the cylinder 12 for the
fluid and at the same time, wind up or tighten
the spring motor.

‘Whenever the lever I8 is actuated so as to move
the master piston 24 to the right or to the left,
as viewed in Figure 1, it is very important that
the movement of the piston does not actuate
the floating cylinder heads 32 or 34, instead of
thie motor unit which will be described later. In
order to prevent the piston 24 from actuating the
cylinder heads 32 or 34, as the case may be, the
control mechanism for changing the volumetric
displacement is made inoperative whenever the
lever (8 is actuated. In order to accomplish. this
resuit, the end of the brake rod or link 22 opposite
the pivot 20 is fixedly attached to a brake band 80
surrounding the brake drum 60, so as to apply a
brake to the brake drum 60, preventing the drum
from rotating, thereby preventing the . spring
motor and the parts associated therewith from:

- moving, to thereby lock the floating ecylinder

55
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heads 32 and 34 in position. Upon initial opera-
tion of the lever 18 it first pivots at its connection
to 18 and actuates the brake band 80 against the
drum 60. In the event the lever 18 is rotated in a
clockwise direction, as viewed in Figure 1, this
operation causes the brake band dlametrlcally
opposite the rod 22 to engage the brake drumi,
in that the rod 22 is pulled outwardly away
from the brake drum. In the event the lever
i8 is rotated in a countercleckwise direction, the
rod 22 then pushes against the brake band 80,
causing the adjacent portion of the brake band
83 to contact the brake drum. Thereafter, Iever
{8 pivots at 20, causing the piston 24 to move in

* the desired direction. The brake band 88 is pref-
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erably made from rigid material provided witl a
suitable lining, so that irrespective of the direction
of movement of the brake rod 22, the brake band
will engage the brake drum so as to apply the
brakes:

M otor unit

"To the left of Figure 1is shown the motor unit,
which includes a cylinder- 98- having mounted

- therein a piston 92 fixedly gttached to a piston

75

rod 94 pivotally attached to a link- 96 actuating



a controlled lever 98. pivotally .attached at 100
to a fixed support 102, that in the modlﬂcatlon
shown herein is attached to the cylinder 90 by
2 pair of bolts 85. Cylinder heads 104 and 108
threadedly engage the opposite ends of the
‘cylinder .80 and. provide asbutments for piston-
like members. (08 and 110 mounted in the ends
of the cylinder and are used to conﬁne the
hydraulic fluid. . Suitable gaskets 112 -and (4
are used in prov1d1ng seals preventing the escape

of the fluid. The cavities 30 are connected with
suitable conduits 120 gnd 122 to the cavities on
the opposite side of the piston 92.

As may best be seen by referring to Figure 1,
the cavity to the right of Figure 1 of the p1ston
24 is connected to the cavity to the left of piston
92 and the cavity to the left of .the piston 24
is connected to the cavity to the right of piston 92,
By this arrangement, whenever the lever 18 is
actuated so as to move the piston 24 to the
right, as viewed in Figure 1, ‘the piston 92 in the
motor unit is driven to the right g like distance,
causing the lever 98 to move in the same direc-
tion as the lever 18 through substantially the
same distance. This permits a remote control
of member 98 by actuating member 18, if, for
example, the upper end of member I8, as viewed
in Figure 1, is moved one inch to the right, the
upper end of member 98 will also move through
substantially one inch in the same direction.
This device may be . used in remotely controlling
the parts of machines in airplanes, on engines,
et cetera. )

In the embodiment shown in Figures 3 and 4,
a control mechanism for controlling the changes
in the displacement cavities includes hydraulic
means. In this embodiment the cylindrical
cavity 130 has mounted therein a master piston
132 fixedly attached to the piston rod 134. A

pair of floating- pistons or cylinder heads. {36 and

{38 are mounted for sliding movement on the
piston rod in the cylindrical cavity {30 on op-
posite sides of the master piston 132. The cavi-
ties found between the master piston 132 and
the floating piston 136 and between the master
piston {32 gnd the floating piston 138 contain
the hydraulic fluid mused in driving this motor
unit. The cavities 140 and 142 beyond the pistons
{26 and 138 respectively, contain 2 second hy-
draulic fluid, adapted to pass through ducts or
passages 144 and 146 into the cylindrical cavities
148 and (50, having mounted therein plstons
152 and 154. :

The piston 152, as may be best seen by referring
to Figure 4, is provided with a piston rod 156
integral with a rack 158 engaging g pinion 162
fixedly attached upon a stubshaft or bolt {64
actuated by a spring motor 166. The piston 154
is connected to a piston rod 168 integral with a
rack 170 also meshing with the pinion 162. The
spring motor and the pinion 162 operate in a
manner similar to the spring motor.and pinion

disclosed in the preferred embodiment. A brake

drum 171 is fixedly attached to the stubshaft 164
and is subject to the influence of a braking
mechanism 172 -actuated by a brake rod in a
manner similar to. that disclosed in connection
with the preferred embodiment. If the hydraulic
fluid expands in the cavities 130, the floating
pistons 136 and 138 will separate or move out-
wardly, actuating the hyraulic fluid in the cavity
140 and 142, so as to actuate the pistons 152 and
154 against the force of the spring motor. By
this arrangement, the volumetric displacement
is controlled by a:hydraulic mechanism, so.that
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the displacement-in the two cavities forming the
pa.ra,llel circuits is substa,ntlally identical, -

~An electric control mechanism for controlllng
a portion of the volumetric expansion mechanism
has been shown in Figure 5. In the modification
disclosed in Figure 5, a master piston 188 is fix-

edly mounted upon a piston rod 82 plvotally
attached to a link 184, pivotally joined to a lever
{86, mounted upon a fulcrum i88 upon a bracket
98, fixedly secured to the frame (92 of. the
master unit, Passages 194 and 196 extend from
the cavities 198 and 200 to the cavities 202 and
204 respectively in the guxiliary cylinder. An
electromagnetc valve 208, shown schematically, is
used in opening and closing the passage {94. An
electromagnetic valve 208, shown schematically
is used in opening and closing the passage 186.

A piston 210 forms one wall of the cavity 202
and a piston 212 forms one wall for the other
cavity 204. These pistons are connected by a
suitable rack mechanism similar to that dis-
closed in Figure 4 to a pinion 214 fixedly attached
to the stub shaft 216 actuated or controlled by
o spring motor 218.. In this modification a brake
has not been used; but instead, the same results
are obtained by closing the electromagnetic valves
208 and 208, so as to close the passages 194 and
196, thereby confining the hydraulic fiuid in the
cavities 198 and 200 to these cavities. When the
electromagnetic valves 206 and 208 are closed, the
volumetric displacement compensating mecha-
nism is inoperative.

The electromagnetic valves 206 and 208 are

controlled by any suitable electrical circuit, one
of which has been shown schematically in Figure
5., 'This electrical circuit includes a double throw
switch including a contact carrying member 220
having ‘'one end seated between the furcations of
the bifurcated end of the lever 186. Member 220
carries a pair of contacts, one on either side. One
of these contacts is adapted to engage a fixed
contact 222 and the other is adapted to engage
afixed contact 224. The contacts 222 and 224
are connected in series with the electromagnets
of the electromagnetic valves 206 and 208. The
movable contact element 220 is connected to line
L2. One terminal of the- electromagnet 208 is
connected to line Ii. By this arrangement it may
be readily seen that if the lever 186 is actuated
to the right or to the left, as viewed in Figure 5,
the circuit to the magnets of the electromagnetic
valves 206 and 208 is energized so as to cause
the valves to close the passages 194 and 196,
thereby confining the fluid to the slave unit and
the main cylinder of the master unit. As soon
as the lever 186 is adjusted into the home posi-
tion shown in Figure 5, the circuit to the electro-
magnets is opened, thereby deenergizing the elec-
tromagnetic valves, so as to cause these valve_,
to open the passages 196 and 198.
. Various other modes of controlling the opera~
tion of the mechanism for compensating for con-
traction and expansion of the hydraulic fiuid
may be used within the purview of this invention,
providing the compensating devices in the two
chambers or cavities, one on either side of the
master piston, are adjusted in unison simultane-~
ously to equal increments. .

In each of the above devices the two hydraulic
circuits extending from. the master unit to the
motor unit are arranged in parallel and are
substantially identical as to. volumetric fluid
capacities. Thus, the fluids in the two circuits
extending side by side are subJected to the same
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temperature changes, resulting in equal expan-
sion or contraction of the fluid.

-In the preferred embodiment the plston areas
in the master unit and in the motor unit are sub-
stantially equal. Likewise, the.effective lengths
of the lever 18 and the lever 98 are substantially
the same, resulting in substantially equal move-
ments of the two levers. The relative movements
of the two levers may be altered by changing the
relative ratios and dimensions of the master unit
with respect to those of the motor unit.

In the preferred-embodiment the mechanism

for adjusting the available space for the hydraulic

fluids to accommodate expansion and contraction
thereof has been incorporated into the master
unit. For some installations this mechanism may
be incorporated into the motor unit, or, for some
purposes, this mechanism may be incorporated as
a separate and distinct unit, depending entirely
upon the uses to which the unit is to be put.

Although the preferred embodiment of the de-
vice has been described, it will be understood
that within the purview of this invention various
changes may be made in the form, details, pro-
portion and arrangement of parts, the combina-
tion thereof and mode of operation, which gen-
erally stated consist in a device capable of carry-
ing out the objects set forth, as disclosed and
defined in the appended claims.. ‘

Having thus described my invention, I claim:

1. A hydraulically driven remote control system
including a master unit and a motor unit, each
of said units including a cylinder and a piston
mounted in the cylinder, a pair of hydraulic fluid
circuits, each of said circuits including a conduit

which connects one side of. the: cylinder in the -

master unit to one side of the cylinder in the
motor unit, the other conduit connecting the
other side of the cylinder in the master unit to
the other side. of the motor unit, hydraulic fluids
in said conduits, said hydraulic flulds filling said
conduits and the available space in the cylinders,
means for compensating for changes in the vol-
ume of the fluids caused by expansion and con-
traction of the hydraulic fluids, said compensat-
ing means including movable cylinder heads in
the cylinder of the master unit, said compensat-
ing means compensating equally for the fluids
in the two circuits so that the available space for
the fluid on one .side of the pistons is equal fo
the available space on the other side of the pistons
and means for arresting the compensating means
when the master unit'is driving the motor unit,

2. A hydraulically driven remote control system
including z master unit and a motor unit, each
of said units including a. cylinder and a piston
movably mounted in the cylinder, said system
including a pair of hydraulic fluid circuits of
substantially equal fluid capacity, one fluid cir~
cuit including the cylindrical cavity to one side
of the piston in the master unit and the cylin-
drical cavity to one side of the piston in the motor
unit, and & conduit for interconnecting said cav-
ities, the other fluid circuit including the cylin-

drical cavity on the other side of the piston in '

the master unit and the cylindrical cavity on
the other side of the piston in the motor unit and
a conduit for interconnecting said last mentioned
cavities, means for compensating for expansion
and contraction of the hydraulic fluid in each of
said circuits, said compensating means incmding
movable cylinder heads in the master unit; said
. means including an equalizing mechanism for
moving the cylinder heads to change the avail-
able space for the fluids in the circuits simulta-
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8
neously and equally and means for arresting the
compensating means when the master unit is
driving the motor unit.

3. A hydraulically ‘driven remote control sys-
ter including a master unit and a motor unit,
each of said units including a cylinder and a pis-
ton movably mounted in the cylinder, said sys-
tem including a pair 'of hydraulic fluid circuits of
substantially equal fluid eapacity, one fluid eir-
cuit including the cylindrical cavity to one side
of the piston in the master unit and the eylindri-
cal cavity to one side of the piston in the motor
unit, and a conduit for interconnecting said cav-
ities, the other fiuid circuit including the cylin-
drical cavity on the other side of the piston in
the master unit and the cylindrical cavity on the
other side of the piston in the slave unit and a
conduit for interconnecting said last mentioned
cavities, mechanical means for compensating for
expansion and contraction of the hydraulic fluid
in each of said circuits, said means including
movably mounted cylinder heads in the master
unit moving in opposite directions through equal
increments in response to egualizing  mechanism

5 for changing the available space for the fluids in

the circuits simultaneously and equally and
means for arresting the movement of the mov-
ably mounted cylinder heads when the master
unit drives the motor unit.

4. A hydraulically driven remote control sys-
tem including a master unit and a motor unit,
each of said units including a cylinder and a
piston movably mounted in the cylinder, said
system including a pair of hydraulic fluid cir-
cuits of substantially -equal fiuid capacity, one
fluid circuit including the cylindrical cavity to
one side of the piston in the master unit and the
cylindrical eavity to one side of the piston in the
motor unit, and a conduit for interconnecting
said cavities; the other fluid circuit including the
eylindrical cavity on the other side of the piston
in the master unit and the cylindrieal cavity on
the other side of the piston in the motor unit and
a conduit for interconnecting said last mentioned
cavities, hydraulic means for compensating for
expansion and contraction of the hydraulic fluid
in each of said circuits, said means including
movably mounted cylinder heads in the master
unit moving in opposite directions through equal
increments in response to equalizing means for
changing the available space for the fluids in the
circuits simultaneously and equally and means
for arresting the movement of the movably
mounted cylinder heads when the master unit
drives the motor unit.

5. A hydraulically driven remote control sys-
tem including a master unit and a motor unit,
each of said units including a cylinder and a
piston movably mounted in the cylinder, said
system including a pair of hydraulic fluid cir-
cuits. of substantially equal fluid capacity, one
fluid eircuit including the cylindrical cavity to
one side of the piston in the master unit and the
eylindrical cavity to one side of the piston in the
motor unit, and & conduit for interconnecting
said cavities; the other fluid circuit including the
cylindrical cavity on the other side of the piston
in the master unit and the cylindrical cavity on
the other side of the piston in the motor unit and
a conduit for interconnecting said last mentioned
cavities, means for compensating for expansion
and contraction of the hydraulic fluid in said
circuits, said last mentioned means including
movable cylinder heads, electromagnetic control
means including magnetic valves arresting the
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movement of the movable cylinder heads when
the piston in the master unit is actuated, said
movable cylinder heads being mounted in the
cylinder of the master unit and equalizing means
for causing the compensating means in the two
circuits to be adjusted equally and simultaneously
and means for arresting the movement of the
movably mounted cylinder heads when the master
unit drives the motor unit.

6. A hydraulically driven remote control sys-
tem including a motor unit, each of said units in-
cluding a cylinder and a piston mounted in the
cylinder, a pair of hydraulic fluid circuits, each
of said circuits including a conduit which con-
nects one side of the cylinder in the master unit
to one side of the motor unit, hydraulic fluids in
said conduits, said hydraulic fluids filling said
conduits and the available space in the cylinders,
means in the master unit for compensating for
changes in the volume of the fluids caused by
expansion and contraction of the hydraulic
fluids, said compensating means compensating
equally for the fluids in the two circuits so that
the available space for the fluid on one side of
the pistons is equal to the available space on the
other side of the pistons, and brake means in-
cluding brakes arresting the movement of the
compensating means, which brakes are applied
in response to loading the master unit so as to
make the compensating means inoperative when
the master unit operates the motor unit.

7. A hydraulically driven remote conftrol sys-
tem including a master unit and a motor unit,
each of said units including a cylinder and a pis-
ton movably mounted in the cylinder, said system
including a pair of hydraulic fluid circuits of sub-
stantially equal fluid capacity, one fluid circuit
including the cylindrical cavity to one side of
the piston in the master unit and the cylindrical
cavity to one side of the piston in the motor
unit, and a conduit for interconnecting said cav-
jties, the other fluid eircuit including the cylin-
drical cavity on the other side of the piston in
the master unit and the cylindrical cavity on the
other side of the piston in the motor unit and
a conduit for interconnecting said last men-
tioned cavities, means for compensating for ex-
pansion and contraction of the hydraulic fluid in
each of said circuits, said means including mov-
able cylinder heads for one of the cylinders mov-
ing in unison in response to equalizing mech-
anism for changing the available space for the
fluids in the circuits simultaneously and equally,
and means for making the compensating means
inoperative when the master unit operates the
motor unit.

8. A hydraulically driven remote control sys-
tem including a master unit and a motor unit,
each of said units including a cylinder and a
piston movably mounted in the cylinder, said
system including a pair of hydraulic fluid cir-
cuits of substantially equal fluid capacity, one
fluid circuit ineluding the cylindrical cavity to
one side of the piston in the master unit and the
cylindrical cavity to one side of the piston in
the motor unit, and a conduit for interconnect-
ing said cavities, the other fluid circuit including
the cylindrical cavity on the other side of the pis-
ton in the master unit and the cylindrical cavity
on the other side of the piston in the motor unit
and a conduit for interconnecting said last men-
tioned cavities, mechanical means for compen-
sating for expansion and contraction of the hy-
draulic fluid in each of said circuits, said means
including movable cylinder heads for one of the
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10

cylinders moving through equal increments in
response to equalizing mechanism for changing
the available space for the fluids in the circuits
simultaneously and equally, and means for mak~
ing the compensating means inoperative when
the master unit operates the motor unit.

9. A hydraulically driven remote control sys-
tem including a master unit and a motor unit,
each of said units including a cylinder and a pis-
ton movably mounted in the cylinder, said sys-
tem including a pair of hydraulic fluid circuits
of substantially equal fluid capacity, one fluid
circuit including the cylindrical cavity to one
side of the piston in the master unit and the
cylindrical cavity to one side of the piston in the
motor unit, and a conduit for interconnecting
said cavities, the other fluid circuit including the
cylindrical cavity on the other side of the piston
in the master unit and the cylindrical cavity on
the other side of the piston in the motor unit and
a conduit for interconnecting said last men-
tioned cavities, hydraulic means for compensat-
ing for expansion and confraction of the hy-
draulic fluid in each of said circuits, said means
including movable cylinder heads for one of the
cylinders moving through equal increments in
response to equalizing means for changing the
available space for the fluids in the circuits simul-
taneously and equally, and means for making the
compensating means inoperative when the mas-
ter unit operates the motor unit.

10. A hydraulically driven remote control sys-
tem including a master unit and a motor unit,
each of said units including a cylinder and a
piston movably mounted in the cylinder, said sys-
tem including a pair of hydraulic fluid circuits
of substantially equal fluid capacity, one fluid
circuit including the cylindrical cavity -to one
side of the piston in the master unit and the
cylindrical cavity to one side of the piston in the
motor unit, and a conduit for interconnecting
said cavities, the other fluid circuit including the
cylindrical cavity on the other side of the piston
in the master unit and the cylindrical cavity on
the other side of the piston in the motor unit
and a conduit for interconnecting said last men-
tioned cavities, means for compensating for ex-
pansion and contraction of the hydraulic fluid
in said circuits, said last mentioned means in-
cluding movable cylinder heads for one of the
cylinders moving through equal increments in
response to equalizing means for causing the
compensating means in the two circuits to be
adjusted equally and simultaneously, and elec-
tric means for making the compensating means
inoperative when the master unit operates the
motor unit.
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