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ABSTRACT OF THE DISCLOSURE 

A multi-chambered pump for delivering a ?uid to a pres 
surized environment, a motor for operating the pump, 
and control means operable to lower the volume of 
?uid pumped to the pressurized environment upon attain 
ment of a pre-determined load on the motor. 

W 

This invention relates to apparatus for raising the 
pressure of a ?uid, and particularly to such apparatus 
for use at high pressures. Such apparatus includes pumps 
and intensi?ers for liquids and compressors and boosters 
for gases. 
The apparatus hereinafter described has been developed 

primarily for use inisostatic pressing operations although 
it has many other applications. In isostatis pressing opera 
tions solid particles are enclosed in a bag of rubber which 
has a predetermined natural shape and the bag is then 
sealed. The sealed bag is placed in a chamber which is 
?lled with hydraulic liquid and the pressure is then 
raised to a ?gure depending on the nature of the solid 
particles and the desired properties of the ?nal product 
but frequently of the order of 60,000 lbs. per square 
inch. The compacted particles are found to form a solid 
mass conforming to the shape of the rubber bag. High 
tension ceramic insulators can, for example, be made by 
this method. 
Although liquids such as oil and water are generally 

regarded as incompressible, they have been found to be 
compressible at the very high pressures employed using 
this technique; for example, their compressibility has 
been found to be of the order of 10% at 30,000 lbs. per 
square inch and to increase approximately linearly there 
after. The pump which has to pressurise the chamber 
therefore has to supply a volume of liquid to it. Other 
factors which may be of importance include the elastic 
expansion of the container and the reduction in volume 
due to the compacting of the particles which may be of 
the order of 80% to 501% depending on the pressure and 
the particles. It will also be appreciated that very small 
amounts of air may also present. To build up the pres 
sure to 60,000 lbs. per square inch with a simple pump 
capable of working up to this pressure would take an 
unacceptably long time. We therefore aimed to develop 
a constant stroke pump which works in two or more 
stages. In the preferred construction according to the 
invention, the pump is a three stage pump capable of 
supplying one gallon per minute at pressures up to 2,000 
lbs. per square inch, 90 cubic inches per minute at pres 
sures up to 10,000 lbs. per square inch and 16‘ cubic inches 
per minute at a pressure of 60,000 lbs. per square inch. 
The advantage of this arrangement is that the driving 
head for the pump is more fully used throughout the 
pressure build-up and the ?nal pressure is reached much 
more quickly. 

Multi-stage hydraulic pumps have been previously pro 
posed but they have not been found to be suitable for 
use at very high pressures. Moreover, if such pumps 
had provision for an automatic stage change, this stage 
change was made in response to the pressure of the pump 
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output. Again with the high pressures with which we 
are mainly concerned, the weakening in the output line 
caused by the inclusion of a pressure sensitive device 
brings about a safety problem. Also, it is dil?cut to ob 
tain the necessary sensitivity at these high pressures. 

I have now found that the stage change can easily 
be effected in response to the loading of the motor driving 
the pump. In the case of an air motor, the loading of the 
motor can be measured through the pressure in the motor 
chamber and in the case of an electric motor, the loading 
of the motor can be measured through the current flow. 
In the case of rotary motors, the torque reaction can be 
directly measured. 

According to the invention there is thus provided ap 
paratus for raising the pressure of a ?uid comprising a 
housing, a member adapted to reciprocate in the housing 
to compress the ?uid in at least two chambers in the 
housing, a motor for effecting the reciprocation, inlet 
check valves for the chambers, outlet check valve means 
for the chambers, and control means for rendering at 
least one of the inlet check valves ineffective in response 
to a predetermined loading of the motor in order to 
reduce the ?uid volume delivered per stroke and increase 
the delivery pressure. 

There is further provided apparatus for raising the 
pressure of a fluid including a drive member mounted 
for reciprocating movement in a housing and adapted to 
be moved forward by ?uid pressure and back by a spring, 
the member having a rearwardly extending probe which 
operates a ?uid pressure actuated cycling valve. 
The spring return has the advantage that consumption 

from the pneumatic pressure main is low. 
Preferred embodiments of the invention will now be 

described with reference to the accompanying drawings 
in which: 
FIG. 1 and FIG. 1A are a longitudinal section through 

a hydraulic pump and motor according to the invention; 
and 
FIG. 2 is a longitudinal section through an alternative 

form of motor for the pump. 
In FIG. 1 the pump itself comprises a main housing 1 

having a cylinder in which a reciprocable stepped piston 
2 is axially slidable. The smaller diameter portion 3 of 
the piston 2 has a longitudinal passage and moves over 
a ?xed piston 4 so that three chambers A, B and C are 
provided, A connector 5 is provided for reciprocating the 
piston 2 and is connected to a pneumatic motor which 
will be hereinafter described. The chamber A- is connected 
to the chamber B through a check valve 6 and a passage 
7 through the piston 2; the chamber B is connected through 
a check valve 8 to the inlet 9; the chamber C is connected 
to the inlet 9 through a check valve 10; the chamber 
A is connected through a check valve 15 to the outlet 
16; and the chamber C is connected through a check 
valve 17 to the outlet 16. The check valves 8 and 10 
differ from the check valves 6, 15 and 17 in having 
associated therewith spring loaded tappets 18 and 19 
which can be operated to hold them open. 

In FIG. 1A the pneumatic motor comprises a motor 
housing 50 and a cycling valve assembly 51. 
The housing 50 comprises two circular dished casing 

members 52, 53 having ?ange portions clamped together 
along their periphery. A piston 55 is mounted on the 
connector 5 for reciprocating movement in the housing 
50 and has a circular seal 54 of U-shaped cross-section. 
The casing member 53 is secured to the housing 1 and 
the piston 55 is biased away from the housing 1 by helical 
compression springs 56, the two springs having different 
lengths and characteristics. The space behind the piston 
55 is connected to the atmosphere through an aperture 
57 in the casing member 53 and the space in front of 
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the piston 55 is connected to the valve 51 by a passage 
58. 
The valve 51 comprises a spool in the form of a dif 

ferential free piston 60 having a central bore 61 which 
accommodates a plunger 62, in the form of a central 
probe attached to the piston 55. The plunger 62 is in 
sealing engagement with the casing member 52 and the 
piston 60. The smaller diameter portion of the piston 
60 has a sealing ridge 63, which in the position shown 
(i.e. at the right hand end of its movement) allows the 
passage 58 to communicate with the chamber P which 
is connected to the outlet passage 64. The inlet passage 
65 leads into the chamber Q on the other side of the ridge 
63 and has a side passage 66 leading through a spring 
loaded control valve 67 to the chamber R. In the position 
shown, the spring 56 has returned the piston 55 nearly to 
its extreme rearward position, gas in front of the piston 
55 being expelled through the passage 58 and the cham~ 
ber P. When the plunger 62 reaches the extreme posi 
tion, it opens the valve 67 so that the pressure in the 
chamber R rises to the inlet pressure thus moving the 
piston to the left and connecting the passage 58 to the 
chamber Q. Gas pressure is thus applied to the piston 
55 which commences its return movement so allowing 
the valve 67 to close. This movement continues until the 
plunger 62 is no longer sealed in the bore 61. When this 
occurs, gas passes from the chamber R to the chamber 
P so that the pressure in the chamber R drops to atmos 
pheric and the pressure in the chamber Q moves the pis 
ton 60 to the right, thus permitting gas to be expelled 
through the passage 58. This cycle is then repeated. 
The control means for operating the tappets 18, 19 

comprises a linear cam 20 slidably mounted in a body 21. 
The cam 20 is biassed from right to left against the action 
of a return spring 22, by means of the mains gas pressure 
which is applied to the piston 23 Whenever the start valve 
V is open. This pressure may be of the order of 100 p.s.i. 
The cam 20 is stopped by a ball latch 24 which engages 
in a latching groove 25, the groove 25 providing a ?rst 
abutment surface. A second abutment surface is provided 
by a second latching groove 26 spaced along the cam 20. 
The ball latch 24 is held in a position engaging the 

cam 20 by a piston rod secured to a piston 27, the piston 
being spring biassed downwardly by a spring 28 whose 
compression is adjustable by means of a screw cap 29. 
The space below the piston 27 is connected to the motor 
housing 50 in front of the motor piston 55. 
The cam 20 has two cam faces 30, 31 for successively 

depressing balls 35, 36 and thus the tappets 18, 19 as 
will hereinafter be described. The cam 20 also has two 
cam rings 33, 34 for engagement with a ball 32 which op 
erates a gas pressure release valve 37 connected to the 
chamber R of the cycling valve 51. 
A conventional pressure regulator 70 may be placed 

in the pneumatic line between the main start valve V and 
cycling valve 51. 
The pump operates as follows. 
It is assumed that the pump is pressurising a container 

with liquid and that the delivery pressure rises during 
operation. 
The mains air pressure is switched on through the valve 

V to the cycling valve 51 and the pneumatic motor recip 
rocates the pump piston 2 with a normally constant stroke. 

First stage 

The tappets 18 and 19 are not depressed and the check 
valves 8 and 10 can operate in the normal way. On the 
backwards stroke of the piston 2 liquid is drawn from the 
inlet 9 through the check valve 8 into the chamber B and 
some of this liquid is drawn from the chamber B through 
the passage 7 and the check valve 6 into the chamber A. 
Simultaneously liquid is drawn through the check valve 
10 into the chamber C. During these operations the 
pressure in the chambers A and C will be low and the 
check valves 15 and 17 will be held closed. During the 

4 
forward stroke of the piston 2, the check valves 8 and 10 
will close and the check valves, 6, 15 and 17 will open 
so that liquid from all three chambers is supplied to the 
outlet 16. (It will be seen that the check valve 6 acts as 
both the inlet valve for chamber A and the outlet valve 
for chamber B.) This cycle is then repeated until the 
pressure at the outlet 16 builds up so that the motor is 

‘ about to stall. 
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Stalling will take place when the pressure in front of 
the piston 55 in the motor housing 50 rises to the value 
set by the regulator 70. However, the compression of the 
spring 28 is so arranged that the piston 27 lifts before 
stalling occurs. The ball latch 24 then disengages from 
the latching groove 25 under the squeezing action of the 
pressure exerted on the piston 23 and the cam 20 moves 
to the left, the cam surface 30 tending to depress the 
ball 35 and tappet 18 and hold open the valve 8. However, 
when the cam 20 is released by the latch 24, the piston 
2 will be making a delivery stroke so the valve 8 will be 
held closed by ?uid pressure. As the motor might stall 
before the piston 2 reaches the end of its normal delivery 
stroke, the valve 37 is provided for ensuring that the 
piston 2 performs a suction stroke when the tappet 18 
is depressed. As the cam 20 moves forward to a position 
Where the cam face 30 is in contact with the ball 35, 
the ball 32 is lifted by the cam ring 34 and opens the 
valve 37. This vents the chamber R so that the piston 
60 moves to the right and the suction stroke is immediate 
ly begun. This operation relieves the pressure on the 
piston 27 so that as the cam 20 moves forward to open 
the now-relieved valve 8 the ball latch 24 engages in the 
latching groove 26 and the valve 37 closes as the ball 
32 drops in behind the cam ring 34. 

Second stage 

In this stage, the tappet 18 is depressed and the check 
valve 8 is held open. This means that liquid drawn into 
the chamber B during the backward stroke of the piston 
2 is expelled back through the inlet 9 rather than through 
the outlet 16 during the forward stroke. Thus only the 
chambers A and C deliver liquid to the outlet 16 and the 
delivery pressure can be higher without the motor stalling. 
When the motor is again about to stall, the gas pressure 

lifts the piston 27, the ball latch 24 disengages from the 
groove 26 and the second stage change proceeds in a 
similar manner to the ?rst stage change described above. 

Third stage 

In this stage, both tappets 18, 19 are depressed so hold 
ing the check valve 8, 9 open. The liquid in the chamber 
C is therefore expelled through the check valve 10 rather 
than through the check valve 6 during the forward move 
ment of the piston 2. Thus only the chamber A delivers 
liquid to the outlet 16 and the delivery pressure can again 
be increased without the motor stalling. When the maxi 
mum delivery pressure is reached in the third stage, the 
motor will stall. When the valve V is turned off so vent 
ing the pneumatic system, the spring 22 returns the cam 
20 to its starting position. 

It will be appreciated that the power output increases 
to a peak and then drops away during each stage be 
cause although the pressure increases throughout, the 
stroke rate drops. The stage change should desirably take 
place just after the power peak. The stroke rate is desir 
ably of the order of 120 strokes per minute. 
More than three stages could be provided if desired. 
Among the advantages of the pump illustrated in FIG. 

1 of the drawing are its versatility and the fact that only a 
limited number of the parts need be made of high grade 
alloy steel. The use of the plunger 64 to operate the cycling 
valve 51 has the advantage that the frictional drag of 
the plunger 62 on the piston 60 tends to reinforce the 
pneumatically-derived forces holding the piston 60 in 
its desired position. The coaxial arrangement is also neat 
and compact. 
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FIG. 2 illustrates an alternative form of motor piston 
55 in which the seal 54 is in the form of a rolling dia 
phragm. This arrangement reduces the friction loss. 

I claim: 
1. Apparatus for raising the pressure of a ?uid com 

prising: a housing; a member adapted to reciprocate in 
said housing to compress the ?uid in at ‘least two con 
centric chambers in said housing; a motor connected to 
said member and operative to reciprocate said member; 
inlet check valves in each of said chambers; outlet check 
valve means in each of said chambers; and control means 
operatively connected to said motor, said control means 
being operable to retain at least one of said inlet check 
valves in an open position in response to an increased 
loading of said motor to reduce ?uid volume delivered 
per stroke and increase delivery pressure. 

2. Apparatus according to claim 1 wherein the motor 
is a pneumatic motor comprising a motor piston mounted 
in a motor chamber and adapted to be moved in the di— 
rection which causes delivery of the ?uid by gas pressure 
admitted to the motor chamber, and a cycling valve as 
sembly, and wherein the control means includes pressure 
sensitive means connected to the motor chamber and 
adapted to respond to the gas pressure therein, the gas 
pressure being a measure of the loading of the motor. 

3. Apparatus according to claim 2, wherein the motor 
piston is spring-returned. 

4. Apparatus according to claim 3, wherein the motor 
piston supports a rolling diaphragm secured to the wall 
of the motor chamber. 

5. Apparatus according to claim 2 wherein the cycling 
valve assembly comprises a pneumatically actuated pilot 
valve. 

6. Apparatus according to claim 5 wherein the motor 
piston has a control probe for operating the pilot valve. 

7. Apparatus according to claim 6 wherein the pilot 
valve is a spool valve, the spool having a longitudinal 
passage way through which the probe can move to oper 
ate a control valve at one end of the motor piston stroke 
and through which gas can pass on retraction of the 
probe to the other end of its stroke. 

8. Apparatus according to claim 1 wherein the housing 
has three chambers in which ?uid is compressed by the 
reciprocating member and wherein the control means is 
adapted to render t-wo inlet check valves ine?’ective con 
secutively to provide three delivery stages of decreasing 
delivery volume per stroke and increasing delivery pres 
sure. 

9. Apparatus according to claim 8 wherein the control 
means is adapted to ‘be biassed in a direction tending to 
for holding open the inlet check valves successively oper 
able by the cam means. 

10. Apparatus according to claim 9 wherein the cam 
means is adapted to be biased in a direction tending to 
hold open the inlet check valves and the control means 
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includes stop means permitting the cam means to move 
successively in two stages. 

11. Apparatus according to claim 10 wherein the cam 
means has two longitudinally spaced abutment surfaces 
thereon for successive engagement with the stop means, 
the stop means withdrawing when the motor reaches the 
predetermined loading. » 

12. Apparatus according to claim 11 wherein means 
are provided for automatically ensuring that the recipro 
cating member operates a suction stroke when the tappet 
is depressed. ' 

13. Apparatus according to claim 12 wherein the 
motor is a pneumatic motor provided with a cycling valve 
‘assembly and wherein said means comprises a pressure 
release valve operable by the cam means and connected 
to the cycling valve assembly. 

14. Apparatus according to claim 8 wherein the recip~ 
rocating member is a stepped piston which co-operates 
with the housing to form two of the chambers and which 
has a longitudinal passage therein forming the third 
chamber, a ?xed piston being mounted in the housing so 
that the stepped piston moves over it. 

15. Apparatus according to claim 14 wherein a check 
valve in the piston acts as an inlet check valve for the 
third chamber and is connected to one of the ?rst two 
chambers for which it acts as an outlet check valve. 

16. A pneumatic motor for use in raising the pressure 
of a ?uid comprising: a motor housing; a piston mounted 
for reciprocating motion in said motor housing; a cycling 
valve assembly connected to said motor housing, said 
valve assembly comprising a valve housing; a pneumat 
ically actuated valve spool having a longitudinal passage 
extending therethrough, said spool being mounted for 
reciprocating motion in said valve housing; a control 
valve for controlling the admission of air to a chamber 
bounded by an end of said spool remote from said pis 
ton; and a probe mounted on said piston and adapted 
to pass through said passage in sealing engagement there 
with, said probe being operable to open said control 
valve at one end of its stroke and to open said pasasge 
at the other end of its stroke. 

17. The motor of claim 16, further comprising a roll 
ing diaphragm secured to a wall of said motor chamber 
and supported by said piston. 
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