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11 Claims.
l .

This invention relates to hydraulic systems of

the closed, manually operated and remote con-

trol type as employed for operating the engine
throttles and other mechanisms in aircraft, and
more particularly pertains to and has for an
object the provision of a novel and highly efficient
thermal change conipensator-accumulator unit
which in addition .0 maintaining the proper vol-
ume of hydraulic fluid throughout such a system
regardless of thermal expansion and contraction
of the fluid and fluid- lines, operates to supply
an initial pressure to the system and maintain
it under a predetermined pressure in such man-
ner as to improve the operation thereof as to
quickness and accuracy of response under all
working conditions and temperatures.

Another object of my invention is to provide
a compensator-accumulator unit of the charac-
ter described in which a novel dual and coaxial
piston unit and an especially constructed cylin-
der-diaphragm assembly are so arranged and re-
lated as to provide compensating chamhers of
equal volume and an accumulator-compensator
unit of simple, compact and light weight con-
struction.

Another object of my invention is to provide
a compensator-accumulator unit of the character
described in which leakage and pinching and con-
sequent damage of the diaphragm are prevented
by the provision of a low temperature oil or grease
chamber between the disphragm and the piston
in an arrangement causing the diaphragm to be
balanced between air pressure on one side and a
viscous fluid on the other side.

A further object of my invention is to pro-
vide a ccmpensator of the character described in
which an efficient indicator is embodied in such
manner as to show at all times the position of
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the dual-piston to give the proper reading for -

the required temperature.

With the foregoing objects in view, together
with such other objects and advantages as may
subsequently appear, the invention resides in the
parts and in the combination, construction and
arrangement of parts hereinafter described and
claimed, and illustrated by way of example in the
accompanying drawing, in which:

Fig. 1 is a semi-schematic view of a hydraulic
system equipped with a' compensator embodying
my invention, showing the transmitter or pump
cylinder, the accun.ulator and the motor or driven
cylinder in longitudin.l section;

Fig. 2 is a cross sectional view taken on the
line 2—2 of Fig. 1;
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Fig. 3 is a cross sectional view taken on the
line 3—3 of Fig. 1;

Fig. 4 is a fragmentary side-elevation of one
end of the accumulator showing the indicator
in elevation and parts of the housing and piston
in section;

Fig. b is a part sectional, part elevational view
similar to Fig. 4 with the indicator shown in sec-
tion as well as portions of the housing and pis-
ton;

Fig. 6 is an enlarged longitudinal sectional view
of the compensator accumulator unit; ’

Fig, 7 is a longitudinal sectional view of a modi-
fied form of the invention.

As shown in Fig. 1 of the accompanying draw-
ing, a compensator unit A embodying my inven-
tion is employed in connection with a dual line,
closed and manually operable hydraulic remote
confrol system in which a transmitter or pump
unit B cof the double-acting cylinder type oper-
ated by a friction-locked handle C is connected
by fluid lines D and E with a receiver or motor
unit F of the double-acting cylinder type iden-
tical with unit B except that it operates a crank
arm G adapted to be connected with the air-
craft-carried mechanism (pot shown), which is.
to be controlled or actuated by such a system.

The compensator nnit A includes a generally
cylindrical housing | closed at one end by a
wall 2, open at its other end, Within the hous-
ing are ccaxial cylinders 3 and 4 of which the
cylinder 3 is of smaller diameter than cylinder 4.

As here provided a dual piston unit 5 con-
sisting of a piston portion € operable in the cylin-

3 der 3 and a piston portion T operable in the cylin-

der 4 is contained in the housing {. The piston
portion 1 is formed as a radially extending
annular enlargement of the skirt of the piston
portion 4 and has a peripheral groove 8 therein
containing a sealing ring 9 of circular cross
section. A similar sealing 10 is mounted in a
groove |1 therefor in the head of the piston por-
tion 6. .

A bladder type diaphragm 12 of flexible elastic
material is mounted on and closes the open end
of the housing { being held between a flange 13
on the housing and a flange (4 on a cup-like
extension 15 of the housing. A flanged nut 16
threadedly engaged with screw threads 1T on the
housing flange 13 holds the cup-like extension
15 and the diaphragm in place, there being com-
plementary grooves 18 in the flanges 13 and 14
receiving a marginal bead 19 of the diaphragm
which bead forms an effective fluid tight seal.

It is now seen that there is provided in the
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cylinder 3 hetween the piston portion 6 and the
wall 2, an accumulator-compensator chamber H
which is adapted to be connected with the line
D by means of a port 20 and suitable fittings 21
as shown in Fig. 1.

In the cylinder 4 between the piston portion 7
and an annular shoulder or wall 22 at the junc-
ture of cylinders 8 and 4, is formed another
compensator-accumulator chamber J of a volume
equal to chamber H and adapted to be connected
with the system line E by means of a port 23
and fittings 24 as shown in Fig. 1. ‘

An air chamber K is provided between the‘cup-:

- like extension {5 and the diaphragm 12 and is
adapted to be supplied with air under pressure
through g suitable valved intake 25, gnd to main-
tain the air therein under predetermined pres-,
sure.

. I may as here shown also use a chamber L
which is defined between the dual piston unit 5
and the diaphragm {2, as a fluid chamber for
liquid or gaseous fluid. As here shown the cham-
ber L is filled with a viscuous fluid such as oil or
grease. Preferably the piston unit 5 is hollow
thereby affording (as shown in Fig. 1) consider-
able depth and area for chamber L, and providing
for requisite movement of the diaphragm as well
as for a large volume of oil or grease between the
diaphragm and the piston whereby the diaphragm
is balanced between air under pressure on one’
side and a viscuous fluid on the other side so that
the latter operates the dual piston to.create pres-.

sure in the chambers H and J thereby regulating

pressure within the hydraulic system.

A guard or stop member 26 of concavo-convex

- form is mounted as 2 partition between the dia-
phragm 12 and the piston, within the_cylinder 4,
being seated at its margin portion 27 in a recess
28 in said cylinder, with its generally convex side
directed away from the diaphragm. An opening
22 in the member 26 allows for passage of fluid
into the space between the member and the dia-

phragm. The movement.of the piston unit toward,

the diaphragm is limited by the piston portion 1
engaging the marginal portion of the member 26.
The diaphragm is limited by the membes 26 as to
its movement toward the piston and thereby pre-
vented from being pinched or damaged, there be-
ing also the body of the viscuous fluid between
the member 26 and the diaphragm. ‘The mar-
ginal portion 27 of member 26 contacts the dia-
phragm adjacent the bead 9 and acts as a sup-
port for the diaphragm which latter, however, is
free to move from one side to the other of a some-

what spherical space afforded between the mem-

bers 15 and 26, being limited by the concave sur-
faces of said members
As shown in Figs. 2 and 4 the port 20 which

affords connection of chamber H with the line D

is extended transversely of cylinder 3 through

a portion 30 of the wall of the cylinder 3 so as to’

intersect a counterbored groove 31 formed at the

outer end of the cylinder next adjacent the end

wall 2. This arrangement provides for communi-
. cation of the chamber H with the port 20 when
“the piston 6 reaches the ends of its stroke against

the wall 2 as shown in dotted lines in Fig. 4. One’
end of the port 20 is closed by means of a plug
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32 while the other end has one of the fittings 2! h

mounted therein as shown in Fig. 2.

As shown in Figs. 3 and 5 the port 23 which

provides for connection of the chamber J with
the fluid line E, is extended transversely of the
cylinder 4 through a portion 33 of the wall of

the eylinder and so as to form a groove 34 across
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the face of the shoulder 23, and to intersect a
counterbored groove 35 in said cylinder adjacent
the shouider 22. This arrangement affords the
communication of the chamber J with the port 23
when the piston T reaches the end of its stroke
against the shoulder 22. A plug 36 closes one end
of the port 23 while one of the fittings 24 is
mounted in the other end of the port.

The housing ! is equipped with two or more
bleeder openings such as.the one 37 shown in
Fig. 6 and closed by a screw plug 38, said open-
ing providing for the introduction of the viscuous
fluid into the chamber L and also making it
possible ta bleed air therefrom.

Synchronization of the compensator and in
fact the entire system is made possible by by-pass
passages 39 in the cylinders of the units B and
P, there being valves 40 controlling said passages
so that an equal volume of fluid may be provided
on opposite sides of the pistons 41 in said cylin- .
ders, the lines E and D and the chambers H and
J connected to said lines.

The systems and the chambers H and J are
charged with the hydraulic fluid through ports
20 and 23 upon removal of the associated plugs
32 and 36, the valves 48 being removed to bleed
air from the system.

The chamber L is filled with a viscous fluid such
as grease or oil, through one of the openings
317, following which the air chamber K is charged
with air through the valved intake 25 until an
air pressure greater than or equal to the load on
the motor unit F is attained whereupon the entire
system is initially placed under the desired fluid
pressure and so maintained to an extent (say ap-
proximately 1000 pounds per square inch) such
that sluggishness of action is eliminated, erratic -
operation due to compression of the fluid is ap-
preciably reduced, the intaking of air into the sys-
tem is prevented and a quick power transmission
and response of the motor unit is assured when
the manually operated transmitter or pump unit
B is actuated. .

When thermal expansion takes place in the lines
and associated elements of the system, the piston
unit 5 will be moved toward the diaphragm. (2,
which through the body of liquid in chamber L
will be bulged to the right into the chamber K
thereby permitting of said movement of piston
unit 3 so that the capacity of the chambers H and
J in cylinders 3 and 4 respectively will be in-
creased to accommodate the aforesaid expansion
of the fluid.

When contraction of the fluid takes place the
air pressure in chamber K bulges the diaphragm
12 to the leff into the concave side of the mem-
ber 26 and the fluid between the diaphragm and
the piston unit 12 operates to move the piston
to the left thereby forcing fluid from chambers H
and J through the ports 20 and 23 into the lines
D and E. Any leakage of fluid will be compen-
sated for by the same action as when contraction
takes place. It is now apparent that the accumu-
lator-compensator -unit will operate to compen-
sate for thermal contraction and expansion and
for fluid leakage to the end that the requisite
volume of fluid is contained in the system at all
times and under such pressure as will improve the
operation of the system in the manner as herein-
before set forth.

The eﬂicacy of the accumulator-compensator. -
unit is increased by reason of the dual, coaxial
piston unit and the separate compensating cham-
bers defined in the cylinders 3 and 4 of the single
housing. Moreover, the particular air chamber=
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5 .
diaphragm arrangement with the viscous fluid
chamber L between the piston and the diaphragm
as here provided make for accuracy and relia-
bility of performance, reduces leakage and im-
proves the unit generally for the reasons herein-
before noted.

The construction and arrangement of the parts
and elements of the compensator-accumulator
renders the device well suited to use in aircraft
hydraulic systems due to the simplicity and com-
pactness of construction and the small size and
low weight of the unit as a whole.

As shown in Figs. 4 and 5 I provide a novel
and efficient indicator generally designated 42 and

mounted on the housing | to show the position

of the dual piston unit- § whereby the operator
may ascertain at all times the extent of the com-
pensating action being effected by the unit.

In this connection it should be noted that the
housing | is made of a non-magnetic metal such
as aluminum or an aluminum alloy while the pis-
ton unit 5 is made of magnetic metal such as
iron, whereby a magnetized indicator needle or
pointer 43 rotatably supported in chamber 44 in
the housing as shown in Pig. 5 will move re-
sponsive to movement of the piston unit. A suit-
ably marked dial 45 is mounted in the bottom of
the chamber #4 while a transparent cover 46 closes
the outer side of the chamber. As shown in Fig.
4 the needle and dial are visible at all times and
indicate the position of the piston unit 5. If de-
sired the piston and needle may both be mag-
netized so that appropriate movement of the nee-
dle will be caused by the compensating move-
ments of the piston.

As shown in Fig. 7 a modified form of my in-
vention is constructed in the same- manner as
the unit shown in Fig. 6 except that the dia-
phragm {2 and diaphragm stop 26 are omitted.
In this form the compressed air chamber occu-
pies the entire housing space between the piston
and cup-like extension of the housing. This air
chamber is designated K’ and the other paris
of the device corresponding to similar parts in the
first described form are designated by the same
reference characters with addition of the prime
character. Thus the housing of the modified form
is designated i’, the piston unit §’, the compen-
sating chambers H’ and J’ and so on throughout
Fig. 7.

This modified form is applied on the same man-
ner as the accumulator shown in Fig. 1 and has
the same general mode of operation except that
the diaphragm and fluid between the diaphragm
and the piston are omitted. The piston 5’ is
balanced between air pressure on one side and the
pressure of fluid in the hydraulic system in cham-
ber H' and J’ on the other side so that the fluid
compensating action under therinal contraction
and expansion takes place in the same manner
as described in connection with the compensator
unit shown in Fige. 1 and 6.

The embodiment of the invention shown in
Fig. 7 will often be found to operate satisfactorily
in situations where the chamber K’ is constanfly
located in the upper part of the structure, but
when the device must undergo great change in
position, as in aircraft, it is best to use diaphragm,
sealed in place as shown in Fig. 6, effectually to
prevent liquid from seeping into the air chamber.
Furthermore, it is much easier to make a liquid-
tight fit around a diaphragm than between a pis-
ton and its containing cylinder, and therefore an
advantage is obtained by filling the hollow pis-
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6
ton § with liquid, in the manner hereinbefore de-
scribed. - :

‘While I have shown and described specific em-
bodiments of my invention I do not limit myseif
to the exact details of construction set forth, and
the invention embraces such changes, modifica-
tions and equivalents of the parts and their for-
mation and arrangement as come within the pur-
view of the appended claims.

I claim:

1. In a temperature change compensator-ac-
cumulator unit for hydraulic systems, a substan-
tially cylindrical housing, a flexible elastic dia-
phragm mounted as a partition in said housing
and defining between one end of the housing and
one face of the diaphragm a chamber for retain-
ing air under pressure, a valved intake for said
air chamber, a pair of coaxial cylinders in said
housing between the other face of said diaphragm
and the other end of said housing, one of the
cylinders being of greater diameter than the other,
a dual piston unit having one piston portion re-

. ciprocably mounted in one of said c¢ylinders and
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its other piston portion reciprocably mounted in

3 the other of said cylinders whereby fluid-contain-

ing compensating chambers are provided in said
cylinders between portions of the cylinder and
the heads of the piston portions, a port through
which fluid may flow to and from each of said
compensating chambers, members providing for
the comnnection of said ports with the fluid lines
of a hydraulic system, and means providing for
movement of the dual piston unit responsive to
movement of said diaphragm.

2. In a temperature change compensator-accu-
mulator unit for hydraulic systems, a substantial-
ly cylindrical housing, a flexible elastic dia-
phragm mounted as a partition in said housing
and defining between one end of the housing and
one face of the diaphragm a chamber for retain-
ing air under pressure, a valved intake for said
air chamber, a pair of coaxial cylinders in said
housing between the other face of said diaphragm
and the other end of said housing, one of the
cylinders being of greater diameter than the
other, a dual piston unit having one piston por-
tion reciprocably mounted in one of said cylin-
ders and its other piston portion reciprocably
mounted in the other of said cylinders whereby
fluid-containing compensating chambers are pro-
vided in said cylinders between portions of the
cylinder and the heads of the piston portions, a
port through which fluid may flow to and from
each of said compensating chambers, members
providing for the connection of said ports with
the fluid lines of a hydraulic system, and means
providing for movement of the dual piston unit
responsive to movement of said diaphragm, in-
cluding a. fluid filled chamber between said dual
piston unit and said diaphragm.

3. In a temperature change compensator-ac-
cumulator unit for hydraulic systems, a substan-
tially cylindrical housing, a flexible elastic dia-
phragm mounted as a partition in said housing
and defining between one end of the housing and
one face of the diaphragm a chamber for retain-
ing air under pressure, a valved intake for said
air chamber, a pair of coaxial cylinders in said
housing between the other face of said diaphragm
and the other end of said housing, one of the
cylinders being of greater diameter than the
other, a dual piston unit having one piston por-
tion reciprocably mounted in one of said cylin-
ders and its other piston portion reciprocably
mounted in the other of said cylinders whereby
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7 _
fluid-containing compensating chambers are pro-
vided in said cylinders between portions of the
cylinder and the heads of the piston portions, &
port through which fluid may flow to and from
each of said compensating chambers, members
providing for the connection of said ports with
the fiaid lines of a hydraulic system, and means
providing for movement of the dual piston unit
responsive to movement of said diaphragm, in-
cluding a fluid filled chamber between said dual
piston unit and said diaphragm, said piston unit
being hollow with the hollow space thereof form-
ing a part of the fluid filled chamber between
the piston unit and the diaphragm,

4, In a temperature change compensator-ac-
cumulator unit for hydraulic systems, a substan-
tially cylindrical housing, a flexible elastic dia-
phragm mounted as a partition in said housing
and refining a chamber for retaining air under
pressure, a valved intake for said air chamber, a
pair of coaxial cylinders in said housing between
the other face of said diaphragm and the other
end of said housing, one of the cylinders being
of greater diameter than the other, a dual piston
unit having one piston portion reciprocably
mounted in one of said -cylinders and its other
piston portion reciprocably mounted in the other
of said cylinders whereby fluid-containing com-
pensating chamBers are provided in said ecylin-
ders between portions of the cylinder and the
heads of the piston portions, a port through which
fluid may flow to and from each of said compen-
sating chambers, members providing for the con-
nection of said ports with the fluid lines of a
hydraulic sysiem, and means for moving said
dual piston unit responsive to an air pressure ef-
fected movement of said diaphragm, including a
fiuid filled chamber defined between the piston
unit and the diaphragm, said piston unit being
hollow with the hollow space thereof forming a
part of said fluid filled chamber, and a perforated
concavo-convex member interposed between the

8

said housing, cooperating abutting flanges on the
housing and said extensicn, a flanged nut screwed

- on said one of the flanges and encompassing the
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piston unit and said diaphragm to limit the move-

ment of the diaphragm toward the piston unit,
and having its concave side opposed to the dia-
phragm.

5. In a temperature change compensator-ac-
cumulator unit for hydraulic systems, a substan-
tially cylindrical housing, a flexible elastic dia-
phragm mounted as & partition in said housing
and defining between one end of the housing and
one face of the diaphragm a chamber for retain-
_ing air under pressure, a valved intake for said
air chamber, a pair of coaxial cylinders in said
housing between the other face of said diaphragm
and the other end of said housing, one of the cyl-
inders being of greater diameter than the other,
a dual piston unit having one piston portion re-
ciprocably mounted in one of said cylinders and
its  other piston portion reciprocably mounted
in the other of said cylinders whereby fiuid-con-
taining compensating chambers are provided in

said- cylinders between portions of the cylinder.

and the heads of the piston portions, a bport
through which fluid may flow to and from each
of said compensating chambers, members pro-
viding for the connection of said ports with the
fluid lines of a hydraulic system, and means pro-
viding for movement of the dual piston unit re-
sponsive to movement of said diaphragm, said
cylinders having counterbored grooves therem
which are intersected by said ports.

6.. In a compensator-accumulator unit, a hous-
ing closed at one end and open at its other end, a
cup-like housing extension at the open end of
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other flange for holding the extension on the
housing, a flexible elastic diaphragm having a
marginal portion clamped between said flanges,
said diaphragm and extension providing a ¢ham-
ber for air under pressure, a valved air intake
for said air chamber, a pair of coaxial cylinders
formed between the diaphragm and said closed
end of the housing, the cylinder next adjacent
the diaphragm being of greater diameter than
the other cylinder and defining an annular wall
at the juncture thereof with said other cylinder, a
dual piston unit having one piston portion re-
ciprocable in said other cylinder and its other
piston portion of greater diameter than the first
mentioned - piston  portion  and reciprocably
mounted in the larger cylinder, there being a
fluid-containing - compensating chamber in the
larger cylinder between the second named piston
portion and said annular wall, a port leading
through the housing into said compensating
chamber, mea’™s providing for connection of said
port with a fluid line of a hydraulic system, a
second fluid containing conipensating chamber
formed in the smaller cylinder between the head
of the piston unit and the closed end of the hous. "
ing, a port leading through the housing into the
second compensating chamber, means providing
for connecting the last named port with another
fluid line of said hydraulic system, and a fluid
filled sealed chamber between the plston and said
diaphragm.

7. In a compensator-accumulator unit, a hous-
ing closed at one end and open at its other end, a
cup-like housing extension at the open end of said .
housing, cooperating abutting - flanges on the
housing and said extension; a flanged nut screwed
on said cne of the flanges and encompassing the
other. flange for holding the extension on the
housing, a flexible elastic diaphragm having
marginal portion clamped between said flanges,
said diaphragm and extension providing a cham-
ber for air under pressure, a valved air intake for
said air chamber, a pair of coaxial cylinders
formed between the diaphragm and said closed

.end of the housing, the cylinder next adjacent

the diaphragm:being of greater diameter than
the other cylinder and defining an annular wall
at the juncture thereof with said other eylinder, a
dual piston unit having one piston portion recip-
rocable in said other cylinder and its other piston
portion of greater diameter than the first men-
tioned piston portion and reciprocably mounted
in ‘the larger cylinder, there being a fluid-con-
taining compensating chamber in the larger cyl-
inder between the second named piston portion
and said annular wall, a port leading through the
housing into said compensating chamber, means
providing for connection of said port with a fluid
line of a hydraulic system, a second fluid con-
taining compensating chamber formed in the
smaller cylinder between the head of the piston
unit and the closed end of the housing, a port
leading through the housing into the second com-
pensating chamber, means providing for connect-
ing the last named port with another fluid line of
said hydraulic system, a fluid filled sealed cham-
ber hetween the piston and said diaphragm, and
a stop member interposed between the piston and
said diaphragm in the last named fluid filled
chamber to limit the movement of the diaphragimn
in one direction.

8. In a compensator-accumulator unit, a hous-
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ing closed at one end and open at its other end,
a cup-like housing extension at the open end of
said housing, cooperating abutting flanges on the
housing and said extension, a flanged nut screwed
on said one of the flanges and encompassing the
other flange for holding the extension on the
housing, a flexible elastic diaphragm having a
marginal portion clamped between said flanges,
said diaphragm and extension providing a cham-
ber for air under pressure, a valved air intake for
said air chamber, a pair of coaxial cylinders
formed between the diaphragm and said closed
end of the housing, the cylinder next adjacent the
diaphragm being of greater diameter than the
other cylinder and defining an annular wall at
the juncture thereof with said other cylinder, a
dual piston unit having one piston portion re-
ciprocable in said other cylinder and its other
piston portion of greater diamefer than the first
mentioned piston portion and reciprocably
mounted in the larger cylinder, there being a
fluid-containing compensating chamber in the
larger cylinder between the second named piston
portion and said annular wall, a port leading
through the housing into said compensating

chamkber, means providing for connection of said
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port with a fluid line of a hydraulic system, a sec- .

ond fluid containing compensating chamber
formed in the smaller cylinder between the head
of the piston unit and the closed end of the hous-
ing, a port leading through the housing into the
second compensating chamber, means providing
for connecting the last named port with another
fluid line of said hydraulic system, a fluid filled
sealed chamber between the piston and said dia-
phragm, and a stop member interposed between
the piston and said diaphragm in the last named
fluid filled chamber to limit the movement of the
diaphragm in one direction, said piston unit being
hollow to define the major part of the sealed fluid
filled chamber, said stop member being concavo-
convex with its concave side opposed to the dia-
phragm and its convex side adapted to extend
into the hollow piston unit.

9. In a temperature change compensator accu—
mulator unit for a hydraulic system, a housing
having ccaxial cylinders therein with one cylinder
of greater diameter than the other and each cyl-
inder provided with a port for intaking and dis-
charging hydraulic fluid, means affording the
connection of said ports with the fluid lines of a
hydraulic system, a dual piston unit having one
piston portion operable in one of said cylinders
and its other piston portion operable in the other
of said cylinders, and a gaseous fluid chamber
provided in said hcousing and’ containing gaseous
fluid under pressure so that the piston unit is sub-
ject to movement in one direction responsive to
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pressure of said gaseous fluid and is subject to
movement in the opposite direction responsive to
pressure of the hydraulic fluid in said cylinders.

10. In a hydraulic compensator, an elongated
housing closed at opposite ends and a pair of con-
nected pistons arranged to reciprocate corre-
spondingly and simultaneously in said housing,
the said housing and pistons being constructed
and arranged so that there is defined in the hous-
ing between one closed end thereof and the pis-
tons a pair of separate compensating chambers
in each of which one of the pistons is reciprocable,

. said chambkers being of equal volumetric capacity

and adapted to contain hydraulic fluid, there
being between the other end of said housing and
said pistons a gaseous fluid chamber for contain-
ing a gaseous fluid under pressure for moving
said pistons in one direction, each of said com-
pensating chambers having a port therein afford-
ing the inzress and egress of hydraulic fluid from
a fluid line of a dual line hydraulic system.

11. In a hydraulic compensator, an elongated
housing closed at opposite ends and a pair of con-
nected pistons arranged to reciprocate corre-
spondingly and simultaneously in said housing,
the said housing and pistons being constructed
and arranged so that there is defined in the hous-
ing between one closed end thereof and the pistons
a pair of separate compensating chambers in each
of which one of the pistons is reciprocable, said
chambers being of equal volumetric capacity and
adapted to contain hydraulic fluid, there being
between the other end of said housing and said
pistons a gaseous fluid chamber for containing
a gaseous fluid wnder pressure for moving said
pistotis in one direction, each of said- compensat-
ing chambers having a port therein affording the
ingress and egress of hydraulic fluid from a fluid
line of a dual line hydraulic system, the said com-~

" pensating chambers and pistons being coaxial and

of differential diameters with the piston of larger
diameter disposed so as to be exposed to the
gaseous fluid under pressure in sa.id gaseous fluid-
chamber.
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