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This invention relates to hydraulically oper- and the low pressure liquid is allowed to escape 
ated reciprocatihg mechanism and in particular 
to mechanism by which a vertical reciprocation 
is imparted to some movable element, for ex 

5 ample, part of a machine tool, having an ap 
preciable Weight. 
The object of the invention is to provide a 

mechanism which will have a smooth reciprocat 
ing movement, free from shocks on reversal and 

10 with an up and down stroke of constant velocity 
or with very Small limits of variation in velocity 
between them. A further object of the inven 
tion is to provide a mechanism which is independ 
ent of any pipelines or circuits which are not in corporated in the apparatus to which the mecha 
nism is applied and which will not be subject to 
air locks or other causes of disturbance. 
For the sake of convenience the upper face of 

a piston will be referred to as an upper piston face 
while the under face of a piston will be referred 
to as an under piston face. 
According to the present invention the recipro 

cating mechanism comprises two pistons mount 
ed on a common rod and operating in separate 
cylinders, a Supply of high pressure liquid being 
admitted from a high pressure circuit alternately 

: to one under piston face and one upper piston 
face of the same effective area to cause recipro 
cation of the pistons while a supply of low pres 
sure liquid from an independent low pressure 
circuit is admitted to the other under piston face 
as the pistons move upwards. 
The two chambers to which the high pressure 

liquid is admitted alternately will be referred to 
as the working chambers. . . 
The flow of liquid in the high, and in some 

cases also in the low pressure circuit, is controlled 
by one or more valves, the arrangement being 
Such that the high pressure liquid flowing to the 
two working chambers does so without change of 
direction. When the direction of movement of the 
pistons changes while the liquid in the low pres 
Sure circuit always flows in the same direction. 

Preferably the high pressure liquid is admitted 
alternately to the under face of the upper piston 
and the upper face of the lower piston while the 
independent supply of low pressure liquid is ad 
mitted to the under face of the lower piston as 
the pistons rise. - 

It will be seen that the low pressure liquid pro 
vides the necessary resistance to overcome the 
effect of gravity upon the weight of the recipro 
cating elements and it will be understood that 
pressures in the high and low pressure circuits 
and the rate at which the high pressure liquid 
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is determined in accordance with the speed of 
reciprocation desired, the weight of the recipro 
cating elements and other factors. . 
The main valve is conveniently of the piston 

type and is reciprocated in a suitable cylinder 
adjacent to the working cylinders so as to con 
trol ports in the latter, the movements of this 
valve being effected by apparatus under the COn 
trol of the working pistons. Thus this main valve 0 
may itself be hydraulically reciprocated by liquid 
pressure conveniently controlled by means of a 
pilot valve which is also preferably of the re 
ciprocating piston type and is actuated by means 
of adjustable stops carried by or connected to a r 
part of the movable element to which reciprocat 
ing movement is imparted by the Working pistons. 
The main valve may be provided with cushion 

ing means to eliminate shock at the end of each 
stroke. w 20 

In some cases the pilot valve may be omitted 
and reciprocation of the main valve may be 
effected by means of solenoids, the circuits of 
which are alternately closed by means of a re 
versing switch actuated by the stops on the mem- 25 
ber to which reciprocation is imparted. In such a 
case the main valve can be simplified, and instead 
of being arranged in a chamber adjacent to the 
working cylinders, may be at any point con 
venient to the various pipe lines through which 30 
the high and low pressure liquid is circulated. 
Further, the high pressure liquid can be supplied 
to and exhausted from the lower cylinder through . 
the same valve port and the low pressure exhaust 
pipe may remain permanently open to the lower 35 
cylinder. 
In the simplest construction the annular space {} 

between the two faces of each working piston is 
in constant communication with the ports in the 
lower piston face, but in a preferred arrange- 40 
ment these parts are controlled by sleeve valves 
incorporated in the working pistons, by which 
pressure liquid is only admitted to the annular 
space around each piston when this liquid is be 
ing exhausted or discharged thereby. 
Three alternative constructions are illustrated 

somewhat diagrammatically in the accompanying 
drawings, in which 

Figure 1 shows in sectional elevation a pair of 
working pistons controlled by a main valve and 50. 

45 

a pilot valve, the various circuits being diagram 
matically shown, 
Figure 2 is a vertical section on an enlarged 

scale of an alternative construction of working 
pistons provided with sleeve valves, 55 
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Figure 3 is a similar view of the lower working 

piston in its upper position during the discharge 
of low pressure liquid, and 

Figure 4 is an elevation, partly in vertical sec 
tion, showing an electrically operated main valve 
and a modified arrangement of high and low 
pressure circuits. 
The arrangement illustrated in Figure 1 com 

prises a common piston rod carrying a lower 
piston 2 and a similar upper piston 3, each oper 
ating in Separate coaxial chambers. The movem 
ments of these pistons are transmitted to a ram 
4 which, in effect, constitutes an extension of the 
upper pistOn 3 and carries a jacket or casing 5 
to the upper end of which are secured adjustable 
stops 6 for controlling the pilot valve in the man 
ner hereafter described. 
The space below the under face of the upper 

piston 3 and the space 8 above the upper face of 
the lower piston 2 constitute the high pressure 

. Working chambers while the space 9 below the 
piston 2 constitutes the low pressure chamber, to 
which low pressure liquid is admitted. 
Mounted in a cylindrical bore, adjacent and 

parallel to the working pistons, is a main valve 
X of the piston type which is reciprocated to con 
trol the admission of high pressure liquid to and 
the escape of this liquid from the two working 
chambers, and also to control the escape of low 
pressure liquid from the chamber 9, as hereafter 
more fully described. 
The low pressure liquid which may be supplied 

from a tank. A by means of a pump is at a 
much lower pressure than the high pressure 
liquid. It exerts no appreciable force on the 
upwardly moving pistons and is supplied through 
a separate supply pipe 2 provided with a non 
return admission valve 3. When the piston 2 
descends, the low pressure liquid escapes through 
an outlet port, hereafter described, controlled by 
the main valve X and So provides the necessary 
resistance to counteract the effect of gravity on 
the reciprocating element 5 and any member it 
may support. 

In the construction shown, the main valve X 
is hydraulically reciprocated by means of a col 
umn of liquid alternately admitted through pipes 
4 and fS to opposite ends of the main valve 
chamber and this liquid column is controlled by 
means of a pilot valve 6 which is actuated by 
the adjustable stops 6 secured to the recipro 
cating element 5. The pilot valve may be at any 
convenient point on the machine without special 
reference to the position of the main valve. 
The upper cylinder inlet port Ta is formed near 

the lower end of the upper cylinder, and the 
upper outlet port 7 b is above it and communi 
cates at all times with an annular recess in the 
upper piston 3. Ports and passages 3a in the 
piston 3 establish communication between the 
annular recess surrounding the piston and the 
upper working chamber T. At the upper end of 
the lower working chamber 8 is a port 8a through 
which high pressure liquid is admitted and ex 
hausted, and the port 8b in the lower working 
chamber enables low pressure liquid to be ex 
hausted when it passes through passages 2a in 
the lower piston into the annular Space sur 
rounding this piston. 
The above ports 7b, Ta, 8a, 8b communicate 

with the chamber in which the main valve X re 
ciprocates and are controlled by the main valve 
as follows. The valve X comprises a hollow rod 
with closed ends carrying a series of spaced pis 
tons which divide the valve chamber into a series 
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of spaces X-X, X being the uppermost and 
X being the lowest. Ports in the hollow valve 
rod establish communication between the interior 
of the rod and the spaces X, X and X. The 
delivery side of the high pressure pump com 
municates through the pipe 8 with the annular 
space X and high pressure liquid is also supplied 
to the spaces X and X. The space X is at all 
times in communication with the upper Outlet 
port 7b, and when the valve moves upwards from 
the position shown in Figure 1, can also be 
brought into communication with an upper re 
lief port 9 communicating with the liquid tank 
A. (from which both high and low pressure pumps 
are supplied) by means of a pipe 20 containing a 
throttle 20b. The space X is in constant COm 
munication, through a lower relief passage 2, 
with the relief pipe 2G of the high pressure cir 
cuit and can be brought into communication with 
the combined inlet and outlet port 8a of the low 
er working chamber 8. The space X communi 
cates with the low pressure outlet pipe 22 only 
when the valve X is raised from the position 
shown, whereupon the low pressure fluid passes 
back to the tank A through the pipe 22. 
The dimensions of the spaces and position of 

the various ports is such that when the valve X 
is in its lower position, as shown, the space X 
communicates with the upper inlet port Ta allow 
ing high pressure liquid to enter the upper work 
ing chamber 7 and the space X lies wholly be 
low the upper relief port 9 which is closed, as it 
communicates only with the annular space X 
while the outlet port 8b is similarly closed. The 
space X5 communicates with the combined inlet 
and outlet port 8a in the lower working chamber 
and with the lower end of the relief passage 2. 
The working pistons 2 and 3 are therefore moved 
upwards by...the high pressure liquid admitted to 
the upper working chamber 7 and low pressure 
liquid is admitted through the non-return valve 
13 without exerting any appreciable force on the 
pistons. 
When the valve X is in its upper position, the 

space X2 communicates with the upper outlet 
port Tb and with the upper relief port 9 through 
which high pressure liquid in the upper working 
chamber 7 can be discharged through the port 3a; 
the space X communicates with the upper inlet 
port a which is thus closed; space X con 
municates with the combined inlet and outlet 
port 8a through which high pressure liquid is 
thus delivered to the lower working chamber 8, 
and the space X communicates with the low 
pressure outlet port 8b and with the passage 22 
leading back to the tank. A through which the low 
pressure liquid in the chamber 9 can be dis 
charged. With the valve in this position, the 
working pistons again. descend at a rate deter 
mined by the throttling resistance in the pipes 20 
and 22. This movement of the main valve is 
controlled by the pilot valve which is reciprocated 
by engagement between the stops 6 and a head 
6a formed on the rod of the pilot valve 6. High 

pressure fluid is supplied to the pilot valve through 
a pipe 8a and returns to the tark A by a pipe 
23. When the pilot valve is in the position shown, 
high pressure fluid from the pilot valve chamber 
is admitted into the upper end of the main valve 
chamber through the pipe 5, but when the pilot 
valve is raised the port leading to the pipe S is 
closed and liquid is admitted to the main valve 
chamber through the pipe 4. At each end of its 
stroke the movements of the main valve are 
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cushioned as some of the liquidistrapped between is 
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the plug at the end of the valve and the recess 
into which these plugs enter. The flow of high 
pressure liquid and hence the speed of reciproca 
tion is controlled by means of the throttle2Ob in 
the exhaust pipe 2, the low pressure discharge 
pipe 22 being also provided with a throttle, in 
dicated in dotted lines, which will not generally 
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require adjustment after being initially set. The 
general arrangement described enables a supply 
tank to be used which is open to the atmosphere 
and hence air is not trapped in the system and 
close control can be obtained even when come 
paratively heavy elements are to be reciprocated. 
The alternative construction illustrated in 

Figures 2 and 3 shows working pistons provided 
with sleeve valves to control the ports in the pis 
tons but intended for use with a similar main 
valve and with high and low pressure circuits as 
already described. It will thus be seen that the 
main valve Z is provided with pistons which divide 
it into nine annular chambers Z-Z, already 
described, high pressure liquid being admitted to 
the hollow bore of the main valve by a pipe fa 
and discharged through passages 2 a. and 2 a. 
OW pressure liquidis admitted to the lower work 

ing pistOn through a non-return valve la and 
returned through a pipe 22a. . 
A common connecting rod 24 is provided with 

a lower Working piston 25 and an upper Work 
ing piston 26 to which is connected the ran 2 
and a member similar to the casing 5 shown in 
Figure i. Instead of the annular space surround 
ing each Working piston communicating with the 
under piston face by means of ports which are 
constantly open, as in the construction last de 
Scribed, each of the Working pistons is provided 
with a sleeve valve. The pistons are similar in 
this respect and the following description is in 
tended to read only on the lower-of these two 
similar pistons. The piston 25, as before, is pro 
Wided With an annular recess in which are formed 
a number of radial holes 28 communicating with 
an annular groove 29 formed in the bore of the 
piston. Mounted to slide in the piston bore is a 
sleeve 3 having at its lower end an inwardly 
projecting flange 3 which is cut aWay SO as to 
permit, fluid to pass between the sleeve and the 
piston rod, and also provided with a number of 
radial apertures 32. The interrupted flange 3 
forms an abutment for a coiled spring 33 and the 
downward movement of the sleeve is limited by 
a suitable shoulder formed on the spacer 34 (for 
the upper piston) or 35 (for the lower piston). 
Grooves 34a and 35a are formed in the shoulders 
So that fluid is free to pass into the bore of the 
piston even when the sleeve is in its lowest posi 
tion. As the opposite ends of each sleeve 30 are 
of different effective areas, very little extra force 
is required to compress' the light spring 33 in 
Order to connect the apertures 32 with the holes 
28 in the piston, and thus to place the annular 
recess Surrounding the piston in communication 
With - the underside of the piston, as shown in 
Figure 3. 
These sleeve valves 30 are intended to permit 

the lower piston face and the top and bottom pis 
ton rings to be used to the best advantage and 
to prevent piston Creep. The construction pro 
vides- each piston with a Self-contained low pres 
sure valve so that the cut-off X and X can be 
eliminated and the low pressure fluid can be 
evacuated from the lower cylinder without pass 
ing through the reversing valve. 
On the underface of the piston 26, a small flange 

or projection 26a is shown so that there is an 

back to the liquid tank A. 

3. 
annular clearance below the piston. Practically 
the whole area of this piston face is therefore ex 
posed to pressure should the piston assume the 
position shown in Figure 2. 
In practice, springs of different strength will be 5 

employed for the upper and lower pistons but for 
the purpose of this description the two construc 
tions may be regarded as generally similar. The 
Operation of the main valve and the way in which 
it cooperates with the ports in the working cham- 0 
bers is in accordance with the description already 
given with reference to Figure 1, but it will be 
Seen that instead of the pressure liquid having 
constant access to the annular space surrounding 
each working piston, by the provision of the sleeve 15 
valves, communication is only established with 
such annular spaces when the pressure liquid is 
being exhausted or discharged. 
In the simplified construction illustrated in 

Figure 4, the upper and lower working pistons 36 20 
and 3 are mounted on a common connecting rod 
38 and are provided with sleeve valves, as in the 
construction illustrated in Figures 2 and 3. The 
reciprocating jacket or casing 39, which is con 
nected to the working pistons, is provided with 25 
adjustable stops 40, but instead of these stops 
actuating a pilot Valve, as in the constructions 
already described, they operate a spring-con 
trolled reversing switch. 4 by which the circuits 
of the solenoids 42 and 43 are alternately closed 30 
so as to bring about the reciprocation of a sim 
plified main valve. This 'valve Y is somewhat's 
diagrammatically shown as mounted in a suitable 
housing adjacent to the switch 4, although, of 
course, the valve can be in any suitable position. 85 
The valve comprises a hollow rod with closed 

ends, carrying a series of spaced pistons which 
divide the valve chamber into five spaces Yi, Y, 
Y3, Yi, Y5. Ports in the hollow valve rod estab 
lish communication between the interior of the 40 
rod and the spaces Y5 and Y. When the valve 
is in the position shown, high pressure fluid from 
the pump Tb enters the valve chamber through 
the pipe 44 and, passing through the ports in 
the valve rod, flows through the pipe 45 to the is 
under working face of the upper pistOn 36. This 
causes the working pistons to rise, and the low 
pressure liquid enters the lower cylinder through 
the pipe 12th and non-return valve f3b. The 
high pressure liquid above the lower working cyl- so 
inder is discharged through the pipe 46 into the 
valve chamber and thence by the pipe 4 back 
to the liquid tank A. A throttle 47a is provided 
in the pipe 47 by which the rate of flow of the 
high pressure liquid and hence the speed of re-iss 
ciprocation can be controlled. 
Upward movement of the working pistons 

brings the stop 40 into contact with the operat 
ing member of the pivoted reversing Switch, so 
that the circuit of the solenoid 43 is opened, the 0. 
solenoid 42 is energised, and the valve rod is 
thus moved towards the left. As a result, high 
pressure liquid is admitted into the upper end 
of the lower cylinder through the pipe 46, the 
low pressure liquid, owing to the operation of the is 
sleeve valve which the piston 36 contains, being 
returned through the pipe 22b to the tank A. 
The high pressure liquid below the upper piston 
36 passes through the sleeve valve in that piston 
to the pipe 48 and thence through the pipe 47 to 

The reversing switch 
is then again swung over so that the cycle of 
operations is repeated. 

It will be seen that in the construction last 
described the low pressure pump is eliminated as 
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4. 
and the low pressure circuit depends upon the 
head of liquid in the tank. 
The valve illustrated is provided at either end 

with a spring-loaded sleeve Y-Y adapted to 
limit the movement of the valve and to cushion 
its movement prior to being brought to rest, but 
it is to be understood that the construction is , 
given by Way of example Only and that the draw 
ings are of a relatively diagrammatic character. 

It will further be appreciated that the inven 
tion is capable of a number of applications and 
although the constructions above described are 
particularly suitable for use with a machine tool 
such, for example, as an abrasive wheel, the in 
vention is not limited to such use and many of 
the constructional details may be varied in ac 
cordance with the particular purpose to which 
the invention is put. 
What I claim as my invention and desire to 

secure by Letters Patent is: 
1. Hydraulically operated reciprocating mech 

anism comprising two working cylinders, an op 
erating piston in each cylinder, a common piston 
rod connecting the two pistons, a high pressure 
liquid supply circuit, means for admitting and 
exhausting high pressure liquid alternately to one 
under face of the lower piston and one upper 
piston face area, so as to cause reciprocation of 
the pistons, an independent low pressure liquid 
supply circuit, and means for admitting low pres 
Sure liquid to the under piston face as the work 
ing pistons move upwards, and means for re 
stricting the flow of low pressure liquid as it is 
exhausted during the downstroke of the pistons 
to counteract the effect of gravity on the pistons. 

2. Hydraulically operated reciprocating mech 
anism comprising two working cylinders, an op 
erating piston in each cylinder, a common pis 
ton rod connecting the two pistons, a high pres 
Sure liquid supply circuit, a main valve adapted 
to control the Supply and exhaust of high pres 
sure liquid alternately to one under piston face 
and one upper piston face of the same effective 
area. So as to cause reciprocation of the pistons, 
an independent low pressure liquid Supply circuit, 
and means for admitting low pressure liquid to 
the under face of the lower piston as the work 
ing pistons move upwards, and means for re 
stricting the flow of low pressure liquid as it is 
exhausted during the downstroke of the pistons 
to counteract the effect of gravity on the pistons. 

3. Hydraulically operated reciprocating mech 
anism comprising two Working cylinders, an op 
erating piston in each cylinder, a common piston 
rod connecting the two pistons, a high pressure 
liquid supply circuit, means for admitting and 
exhausting high pressure liquid alternately to one 
under piston face and one upper piston face of 
the same effective area, so as to cause reciproca 
tion of the pistons, an independent low pressure 
liquid supply circuit, means for admitting low 
pressure liquid to the under face of the latter 
piston as the working pistons move upwards, 
means for restricting the flow of low pressure 
liquid as it is exhausted during the downstroke 
of the pistons in order to counteract the effect of 
gravity on the pistons, and throttling means for 
restricting the passage of high pressure liquid 
as it is exhausted whereby the speed of recipro. 
cation can be controlled. 

4. Hydraulically operated reciprocating mech 
anism comprising two superimposed working cyl 
inders, an operating piston in each cylinder, a 
common piston rod connecting the two pistons, 
a high pressure liquid Supply circuit, a main 

2,216,486 
valve adapted to control the supply and exhaust 
of high pressure liquid alternately to the under 
face of the upper piston and to the upper face 
of the lower piston, an independent low pressure 
liquid Supply circuit, and means for admitting 
low pressure liquid to the under face of the lower 
piston as the working pistons move upwards, and 
means for restricting the flow of low pressure 
liquid as it is exhausted during the downstroke 
of the pistons to counteract the effect of gravity 
On the pistons. 

5. Hydraulically operated reciprocating mech 
anism comprising tWO Superimposed working cyl 
inders, an operating piston in each cylinder, a 
common piston rod connecting the two pistons, a 
high pressure liquid Supply circuit, a main valve 
adapted to control the supply and exhaust of high 
pressure liquid alternately to the under face of 
the upper piston and to the upper face of the 
lower piston, an independent low pressure liquid 
supply circuit and means for admitting low pres 
Sure liquid to the under face of the lower pistOn 
as the Working pistons move upwards and means 
for restricting the flow of low pressure liquid as 
it is exhausted during the downstroke of the pis 
tons to counteract the effect of gravity on the 
pistons, the main valve being adapted also to 
control a port in the lower cylinder through 
which low pressure liquid is discharged. 

6. Hydraulically operated reciprocating mech 
anism comprising two superimposed working cyl 
inders, an operating piston in each cylinder, a 
common piston rod connecting the two pistons, 
a high pressure liquid supply circuit, a main valve 
of the piston type adapted to control the supply 
and exhaust of high pressure liquid alternately 
to the under face of the upper piston and to the 
upper face of the lower piston, an independent 
low pressure liquid supply circuit, and means for 
admitting low pressure liquid to the under face 
of the lower piston as the working pistons move 
upwards, said main piston valve also controlling 
the exhaust port through which low pressure liq 
uid is discharged from the lower cylinder, and 
means for restricting the flow of low pressure 
liquid as it is exhausted during the downstroke 
of the pistons to counteract the effect of gravity 
on the pistons. 

7. Hydraulically Operated reciprocating mech 
anism comprising two superimposed cylinders, an 
operating piston in each cylinder, a common pis 
ton rod connecting the two pistons, a high pres 
sure liquid supply circuit, means for alternately 
admitting said high pressure liquid to one under 
piston face and one upper piston face of the same 
effective area, means by which the high pressure 
liquid is discharged in the same direction from 
both cylinders when the direction of movement 
of the pistons changes, means for supplying low 
pressure liquid from an independent source to 
the under face of the lower piston as the pistons 
move upwards, means for exhausting, without 
change of direction, the low pressure liquid as 
the pistons descend and throttling means to re 
strict the flow of low pressure liquid as it is ex 
hausted to counteract the effect of gravity on the 
pistons. . . 

8. Hydraulically operated reciprocating mech 
anism comprising two Working cylinders, an op 
erating piston in each cylinder having a space 
surrounding the piston, a common piston rod 
connecting the two pistons, a high pressure liq 
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uid supply circuit, a main valve adapted to con 
trol the supply and exhaust of high pressure liq 
luid alternately to one under piston face and to s 
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One upper piston face, a low pressure liquid sup 
ply admitted to the under face of the latter pis 
ton as the Working pistons move upWards, a 
sleeve valve in each working piston adapted to 
permit a flow of liquid between each under pis 
ton face and the space surrounding the piston 
when the pressure on the under face of the pis 
ton is greater than that in the space surround 
ing the piston, and means for restricting the flow 
of low pressure liquid as it is exhausted during 
the downstroke of the piston to counteract the 
effect of gravity on the pistons. 

9. Hydraulically operated reciprocating mech 
anism, comprising two working cylinders, an op 
erating piston in each cylinder having a space 
surrounding the piston, a common piston rod 
connecting the two pistons, a high pressure liq 
uid supply circuit, a main valve adapted to con 
trol the Supply and exhaust of high pressure liq 
uid alternately to one under piston face and to 
one upper piston face, a low pressure liquid sup 
ply admitted to the under face of the latter pis 
ton as the pistons move upwards, a sleeve valve 
in carch working piston adapted to permit a flow 
of liquid between each under piston face and the 
space surrounding the piston, when the pressure 
on the under piston face is greater than that in 
the space surrounding the piston, means for re 
stricting the flow of low pressure liquid as...it is 
exhausted during the downstroke of the piston 
to counteract the effect of gravity on the pistons, 
each. of said sleeve valves comprising a sleeve. 
mounted to reciprocate in a bore formed in the 
working piston, One end of the sleeve being of 
larger effective area than the other end. 10. Hydraulically operated reciprocating mech 
anism comprising two working cylinders, an op 

5 
erating piston in each cylinder having a. Space 
surrounding the piston, a common piston rod 
connecting the two pistons, a high pressure liq 
uid supply circuit, a main valve adapted to con 
trol the supply and exhaust of high pressure lic 
uid alternately to one under piston face and to 
one upper piston face, a low pressure liquid sup 
ply admitted to the under face of the latter piston 
as the pistons move upwards, a spring controlled 
sleeve valve in each working piston adapted to 
permit a flow of liquid between each under pis 
ton face and the space surrounding the piston 
when the pressure on the under piston face is 
greater than that in the space surrounding the 
piston, means for restricting the flow of low pres 
sure liquid as it is exhausted during the down 
stroke of the piston to counteract the effect of 
gravity on the pistons, each sleeve valve compris 
ing a sleeve mounted to reciprocate in a bore 
formed in the working piston, the lower end of 
the sleeve being of larger effective area than its 
upper end. 

11. Hydraulically operated reciprocating mech 
anism as claimed in claim 10 in which the main 
valve controls only the high pressure fluid circuit 
and a sleeve valve included in the lower Working 
piston controls the discharge of the low pressure 
liquid. 

12. Hydraulically operated reciprocating mech 
anism as claimed in claim 7 in which the high 
pressure liquid circuit is controlled by the move 
ments of a piston valve and the admission and 
discharge of low pressure liquid is controlled in 
dependently respectively by a non-return inlet 
valve and by a sleeve valve mounted in the lower 
working piston. 

ERNEST ALBERT COOKE. 
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