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1. 
In hydraulic systems in which a pump is ar 

ranged to Supply pressure fluid to one or more 
jacks, it is seldom possible to arrange for the 
jacks to operate through their full range of move 
ment at Substantially constant pressure. For in 
Stance, in retracting certain types of aircraft 
undercarriages a very low pressure may suffice 
for the early stages of retraction and the normal 
Working pressure of the system may be necessary 
Only when approaching the fully retracted posi 
tion. In other cases there may be a pronounced 
preSSure peak at One point in the jack movement, 
the Operating pressure over the bulk of the travel 
being Substantially less than this peak. 

Wariable delivery pumps are known having an 
off-loading Valve for automatically regulating the 
delivery So as to maintain a constant pressure 
between Zero and maximum delivery. When the 
pump is delivering fluid to a service, however, 
the pressure is determined, not by the character 
istics of the pump, but by the restriction in the 
output circuit to the load operated by the jack 
and this pressure, during much of the operating 
cycle, Will be lower than the pump working pres 
Sure. Under these circumstances the delivery 
remains Constant at the maximum value and the 
power output of the pump, determined by its 
delivery and pressure, is less than the desired 
maximum. Since the pump shaft drive, whether 
mechanical or electrical, has to be designed to 
provide the peak working power, it is obviously 
not being used efficiently under these conditions. 
The object of this invention is to provide a, 

hydraulic pump which will give a performance 
approximating to the theoretical requirement 
that, over a given range of pressures, the pump 
Will operate at constant power while at pressures 
below the lower limit of the range, the delivery 
should remain at the maximum value corre 
sponding to the lower limit of pressure and, at 
the upper limit of the pressure range, the de 
livery should fall to Zero at constant pressure. 
A typical example of this theoretical require 
ment is indicated by the curve AB in Fig. 1 of 
the accompanying drawings, the Working range 
of pressures being between 1000 and 4200 lbs./ 
sq. in., and the curve AB being a rectangular 
hyperbola. 
The present invention relates to tWO stage hy 

draulic pumps of the kind comprising two pump 
ing units arranged in tandem, the second stage 
pumping unit being a piston pump having a 
number of radial cylinders whose pistons are op 
erated on their Working stroke by a cam or eccen 
tric, with which they are held in contact only by 
the liquid supplied to them by the first stage 
pumping unit, and an off-loading valve, subject 
to the delivery pressure of the Second stage, for 
automatically controlling the delivery of the 
pump by relieving the first stage pressure back 
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to the inlet side of the pump as the delivery pres 
Sure rises. 
A pump of this kind has the performance in 

dicated by the graph CDEBF in Fig. 1. Over the 
range CD the first stage pumping unit, which 
is preferably a gear pump, is effective. At the 
point D, the off-loading valve opens and the de 
livery falls, as shown by DE. Over the range 
EB there is sufficient gear stage preSSure to in 
part full stroke to the pistons of the piston stage, 
and the pump operates at Substantially constant 
delivery, the slight reduction in delivery from 
E to B being due to reduction in volumetric 
efficiency. At the point B the gear stage pres 
Sure has fallen to a value Such that the inlet 
valves to all of the pistons of the piston stage 
are not fully opened, and the delivery falls rapid 
ly to zero over the range BF due to progressive 
reduction in the stroke imparted to all of the 
pistons of the piston stage. As Will be seen, the 
performance of this pump is far from the the 
oretical ideal represented by the line AB. The 
variation in gear stage pressure With delivery 
pressure in the case of this known pump is indi 
cated by the line WWX in Fig. 2. 
The present invention provides a hydraulic 

pump of the above kind in which, at a predeter 
mined delivery pressure, one or more of the 
pistons of the piston stage are automatically 
rendered completely inoperative while the other 
pistons are permitted to operate at full stroke. 
Thus, in contradistinction to the known pump, 

in which all the pistons are rendered inoperative 
together, the pistons of the pump according to 
the invention are rendered inoperative in stages. 
This result may be achieved by differential 

loading of the inlet valves for admitting pressure 
from the first stage pumping unit to the cylinders 
of the second stage or by closure of a port to cut 
off completely the first stage pressure from those 
cylinders of the Second stage which are to be 
rendered inoperative. 
Thus, in the case where the piston stage has 

seven cylinders, and three of the inlet valves are 
loaded by strong Springs and the other four inlet 
valves are loaded with light springs, the pump 
Will control the flow over three ranges. In the 
first range, the first stage pumping unit will be 
effective, in the second range the piston stage 
will be effective with all the pistons operating 
and in the third range the piston stage will be 
effective with only four pistons operating, and 
the capacity of the pump. Will thus be reduced. 
Two alternative forms of pump according to 

the invention will now be described in detail, by 
Way of example, . With reference to the accom 
panying drawings, in which 

Fig. 1, to which reference has already been 
made, shows graphs indicating the relationship 
between the delivery of the pump in gallons per 

  



3 
minute and the delivery pressure in lbs./sq. in., 
graph AB showing the theoretical ideal, graph 
CDEBF showing the performance of the known 
pump above referred to and graph GHIJKBF the 
performance of the pump according to the inven 
tion, 

Fig. 2, to which reference has already been 
made, shows graphs illustrating the relationship 
between first stage pressure and the delivery 
pressure of the known pump and of that accord 
ing to the invention, 

Fig. 3 is a diagrammatic lay-out of the first 
form of pump, 

Fig. 4 is a longitudinal section through a prac 
tical form of the pump shown diagrammatically 
in Fig. 3, 

Fig. 5 is a section on the line V-W in Fig. 4, 
Fig. 6 is a section, the left hand side of the 

figure being taken on the line A-A in Fig. 4 and 
the right hand side on the line B-B in Fig. 4, 
and 

Fig. 7 is a diagrammatic lay-out, similar to 
that of Fig. 2, of the second form of pump, 

Like reference numerals designate like parts 
throughout the figures. 

Referring first of all to Figs. 4-6, and to the 
accompanying diagrammatic Fig. 3, the pump 
comprises a drive shaft (, having splines by 
means of which it may be driven, and carrying 
a gear wheel 2, meshing with a gear wheel 13 
on a shaft 4. The gear wheels 2, 3 constitute 
the first, or gear, Stage of the pump and are fed 
with liquid from an inlet i5 through a passage 6 
(Fig. 5). The liquid is fed under pressure from 
the gear stage of the pump via a passage (Fig. 
5) to an off-loading valve 8. Initially, the 
liquid passes, as later described, through the off 
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loading valve 8 to an annulus 9 and thence, 
through a passage 20 (Fig. 3) to an annular chan 
nel 2 (Figs. 4 and 6), whence it has access to 
the inlet valves 22 of the piston stage of the 
pulp. 
The piston stage comprises seven radially ar 

ranged pistons 23 which are successively given 
outward, or discharge, strokes by an eccentric 24 
mounted on the pump shaft 0. Normally, on 
the inlet stroke of each piston, the gear stage 
pressure in the annulus 2 lifts the associated ini 
let valve 22 against its spring 25, and allows liq 
uid to enter a passage 26 (Figs. 4 and 6) and 
to pass thence into the associated pump barrel 2 
through a passage 37 (Fig. 6). The gear stage 
pressure thus serves to return the pistons on the 
Suction stroke. 
On the delivery stroke, each piston 23 dis 

charges liquid from its respective barrel 2 into 
the associated passage 26 and thence, through 
an outlet Valve 28 which opens against a spring 
29, into an annular channel 38. The channel 39 
communicates, via, an outlet 31, with an annular 
port 32 associated with the off-loading valve 8, 
and also with an outlet 33 (Fig. 4) from Which 
the liquid delivered by the pump is discharged. 

Referring now to Fig. 3, the off-loading valve 
8 controls, in three steps, the flow from the 
pump. The off-loading valve comprises a valve 
stem, 42, rigidly secured in the pump housing 4 
by a bolt 43. Slidably mounted on the valve 
stem, 42 is a sleeve 44, which is also a close fit in 
the housing is, and in the sleeve 44 is fitted a 
floating piston A5, of slightly smaller diameter 
than the valve stem 42. A further sleeve 4S is 
slidably mounted on the sleeve 45, the upper end 
of sleeve A6 also being a close fit in the housing 
4. 

40 

4. i 

4. 
The valve i8 controls the following ports in the 

pump housing: An inlet port 34 to which the 
output of the gear stage is applied via the pas 
sage i, a low pressure return port 35, the an 
nular port 32 leading to the high pressure out 
put from the piston stage, and a return port 36 
to the tank. The annular groove 9 commu 
nicates, by the passage 28, with the inlet to the 
piston stage. Springs i, 48, 5 and 52 initially 
hold the parts in the position illustrated in Fig. 3. 
The Operation of the valve 8 is as follows: 

Step 1 
In the initial position liquid from the gear 

stage can flow directly to the piston stage, from 
the inlet port 34, via the annular groove 9 and 
passage 2, and also, via overlapping annular 
grooves 33, 39 in the parts 44 and 42, an axial 
bore 40 in the part 42, holes 49 and outlet port 32 
directly to the pump outlet. As the delivery 
pressure rises, as shown by the line GH in Fig. 1, 
it acts, through a hole 50 in the base of the bore 
A), on the small differential cross-sectional area. 
59 between the two bores of the sieeve 44, and at 
1000 lbs./sq.in. is Sufficient to overcome the load 
ing of the spring 48. The sleeve & Will then 
slide doWnwards until stopped by a washer, 6. 
loaded by the spring 59. During the first part 
of this action the overlapping grooves 38, 39 in 
the parts & 8 and 42 are brought out of register 
and the Surplus gear stage liquid is relieved to 
the port 35 by the sleeve 46 sliding downwards 
against the Spring 47. During the latter part, 
the Spring 47 expands again, finally reducing the 
gear stage pressure to 100 lbs./sq.in. The piston 
stage of the pump is then effective as indicated 
by the line IJ in Fig. 1. 

In Fig. 2, the graph drawn in full lines indi 
cates the relationship for this pump between 
gear stage pressure and delivery pressure. The 
gear stage pressure is initially the same as the 
delivery pressure and it rises, as indicated by 
PQ to a value of 1000 lbs./sq.in. Then the valve 
8 responds, as just described, to cause the gear 

Stage pressure to fall, as indicated by QR, to 100 
lbs./sq.in. 

Step 2 
When the delivery pressure rises to 3200 
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lbs./sq.in., the gear stage pressure remaining at, 
100 lbs./sq.in., the delivery pressure acts, through 
the port 32, the holes £3, and the bore A, on the 
differential area, 59 of the sleeve 3 is to overcome 
the load of Spring 5, and the sleeve 44 will slide 
downwards until stopped by a washer 5 and the 
Spring 52. During this action the spring 8i will 
expand further, thus reducing the gear stage 
preSSure to 30 lbs./sq.in. as indicated by ST in 
Fig. 2. The inlet valves 22 to the pistons are 
Spring loaded, three with strong springs 25, and 
four with light springs 35, and this action will 
have the effect of preventing the opening of the 
three strongly sprung walves 22. Puinping Will 
therefore continue at a reduced capacity as indi 
cated by the line KB in Fig. 1. 

Step 3 
When the delivery pressure lises to 4200 

lbs./sq. in., the gear stage pressure remaining at 
30 lbs./sq. in. as indicated by TU in Fig. 2, the 
load of Spring 52 is overcome, and the sleeve 44 
Will slide down until its head 33 closes the an 
nular groove 9 connecting the gear stage to the 
piston stage. At this point the pistons receive 
no further supply, and the pump is fully off 
loaded, as indicated by BF in Fig. 1. Any fur 
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ther movement of the sleeve 44 downwards will 
result in relief holes 54 being uncovered to open 
communication between the ports 32, 36, thus 
preventing excessive pressure from developing. 
As will be clear from Fig. 1, the change in de 

livery preSSure in three steps provides a reason 
ably close approximation to the theoretical re 
quirement ShoWn by the line AB. 
As an alternative to arranging for one group 

of three pistons to be rendered inoperative be 
fore the other group of four pistons by reason of 
differential loading of the inlet valves 22, the 
sleeve 44 may, as indicated in Fig. 7, be arranged 
to control tWO ports 9, 29, for conducting 
liquid from the gear stage of the pump to the 
inlet valves 22 of the piston stage. The port 9 
communicates via a passage 20 with the inlet, 
valves 22 of three of the pistons and the port 
29 communicates via a passage 220 with the inlet 
valves 22 of the other four pistons. When, at 
point J, Fig. 1, the sleeve 44 moves downwards 
against the action of the Spring 50 into contact 
with the washer 5, the sleeve 44 closes the port 

9 and so renders three of the plungers inopera 
tive by depriving them of gear stage pressure. 
Thereafter, at the higher delivery pressure rep 
resented by the point B, Fig. 1, the sleeve 44 will 
move down further against the Spring 52 to close 
the port 29 and render the remaining four pis 
tOnS inoperative. 

10 

5 
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25 

It will be appreciated that, if desired, the 
cylinders of the piston stage may be divided into 
more than two groups which are rendered suc 
cessively inoperative on increase of the delivery 
preSSure, either by appropriate differential load 
ing of their inlet valves or by the provision of 
more than two ports, one communicating with 
each group of cylinders, which are successively 
closed by the off-loading valve. 
What we claim as our invention and desire to 

Secure by Letters Patent is: 
1. A two stage hydraulic pump, comprising a 

first pumping unit, a second pumping unit in 
cluding a plurality of radial cylinders, pistons in 
Said cylinders, inlet and outlet valves associated 
with each of said cylinders, and positively driven 
means for reciprocating said pistons in said cylin 
ders to cause them to discharge liquid under pres 
sure through said outlet valves, a conduit for 
supplying liquid under pressure from the first 
pumping unit to the inlet valves of the Second 
pumping unit, an outlet for receiving the dis 
charge from the outlet valves of the second 
pumping unit, a connection between said con 
duit and said outlet, and an off-loading valve, 
responsive to the delivery pressure in said out 
let, for controlling the hydraulic pressure in said 
conduit and also controlling communication be 
tween said conduit and said connection, said off 
loading Valve comprising a Spring loaded member 
controlling a port for initially allowing liquid 
to flow from said conduit into Said connection, 
said member being arranged to close said port 
in response to increase in the delivery pressure 
to a first predetermined value, a pair of Spring 
loaded Washers constituting Successive abut 
ments for said member, as it moves in response 
to further increase in the delivery pressure, said 
abutments yielding successively at predeter 
mined higher values of the delivery preSSure, to 
permit of stepwise movement of the member, and 
a spring-loaded sleeve Surrounding Said member 
and serving, in response to movement thereof, to 
effect progressive opening of a relief port to 
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reduce, in steps, the hydraulic pressure prevail 
ing in Said Conduit, 

2. A two stage hydraulic pump as claimed in 
claim 1, comprising weak springs loading certain 
of Said inlet valves and stronger springs loading 
the rest of said inlet valves, the pressure in said 
conduit being reduced, on yielding of said first 
abutment, to a value such that the inlet valves . 
with the stronger springs will remain closed, and 
Said Spring loaded member being arranged, on 
yielding of Said Second abutment, to close Said 
conduit and thereby render the rest of the inlet 
valves inoperative, 

3. A two stage hydraulic pump as claimed in 
claim i, comprising a first port, controlled by the 
spring-loaded member and affording communi 
cation between Said conduit and certain of Said 
inlet valves, and a Second port, controlled by said 
spring-loaded member and affording communi 
cation between Said conduit and others of Said 
inlet valves, said spring-loaded member being 
arranged, on yielding of said first abutment, to 
close said first port and, on yielding of said sec 
ond abutment, also to close said second port. 

4. A tWO stage hydraulic pump, comprising - a 
first pumping unit, a Second pumping unit in 
cluding a plurality of radial cylinders, pistons in 
said cylinders, inlet and outlet valves associated 
with each of said cylinders, and positively driven 
means for reciprocating said pistons in Said cylin 
ders to cause them to discharge liquid under pres 
sure through said outlet valves, a conduit for 
supplying liquid under pressure from the first 
purnping unit to the inlet Valves of the Second 
pumping unit, an outlet for receiving the dis 
charge from the Outlet valves of the second pump 
ing unit, and an off-loading valve, responsive to 
the delivery pressure in said outlet, for control 
ling the hydraulic pressure in Said conduit, said 
off-loading valve comprising a slidable member 
exposed to the delivery pressure in said outlet, 
spring means balancing said slidable member 
against said delivery pressure and arranged to 
yield in stages in response to increase in the 
delivery pressure to certain predetermined values, 
and means responsive to movement of Said slid 
able member for effecting a step Wire reduction 
in the hydraulic pressure in said conduit from 
an initial high value first to a lower value Suffle 
cient to maintain all the pistons of the second 
pumping unit effective and thereafter to a still 
lower value at which certain only of the pistons 
of the second pumping unit are effective, the 
other pistons being inoperative. 

5. A two stage hydraulic pump, comprising a 
first pumping unit, a second pumping unit in 
cluding a plurality of radial cylinders, pistons in 
said cylinders, inlet and outlet valves associated 
with each of said cylinders, and positively driven 
means for reciprocating said pistons in said cyl 
inders to cause them to discharge liquid under 
preSSure through said outlet valves, a conduit for 
Supplying liquid under pressure from the first 
pumping unit to the inlet valves of the second 
pumping unit, an outlet for receiving the dis 
charge from the outlet valves of the second pump 
ing unit, and an off-loading valve, responsive to 
the delivery pressure in said outlet, for con 
trolling the hydraulic pressure in said conduit, 
Said off-loading Valve coinprising a first slidable 
member exposed to the delivery pressure in said 
outlet, Spring means balancing said slidable men 
ber against Said delivery pressure and arranged 
to yield in Stages in response to increase in the 
delivery pressure to certain predetermined values, 
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a second slidable member, subject to the hy 
draulic pressure in said conduit, a relief port 
controlled by said second slidable member, a 
spring between said first and second slidable 
members and acting on said second slidable men 
ber in opposition to the hydraulic pressure in 
said conduit, said spring maintaining said relief 
port closed at low delivery pressure but permit 
ting, in response to movement of said first slid 
able member on increase in the delivery preSSure, 
of movement in stages of said second slidable 
member to reduce the hydraulic pressure in Said 

0. 

conduit first to a lower value sufficient to main 
tain all the pistons of the second pumping unit 
effective and thereafter to a still lower value at 
which certain only of the pistons of Said Second 
pumping stage are effective, the other pistons 
being in operative, 

6. A two stage hydraulic pump, comprising a 
first pumping unit, a second pumping unit in 
cluding a plurality of radial cylinders, pistons in 
said cylinders, inlet and outlet valves aSSociated 
With each of said cylinders, and positively driven 
means for reciprocating said pistons in Said cyl 
inders to cause them to discharge liquid under 
pressure through said outlet valves, a conduit 
for supplying liquid under pressure from the first 
pumping unit to the inlet valves of the Second 
pumping unit, an outlet for receiving the dis 
charge from the outlet valves of the Second pump 
ing unit, a connection between said conduit and 
said outlet, and an off-loading valve, responsive 
to the delivery pressure in said outlet, for Con 
trolling the hydraulic pressure in Said conduit 
and also controlling communication between said 
conduit and said connection, Said off-loading 
valve comprising a slidable member exposed to 
the delivery pressure in said outlet, Spring Ineans 
balancing said slidable member against said de 
lively pressure and arranged to yield in stages 
in response to increase in the delivery pressure 
to certain predetermined values, Said slidable 
in ember maintaining said connection open so long 
as the delivery pressure in said outlet is below 
a predetermined value, but being effective, when 
the delivery pressure reaches said predetermined 
value to close said connection and means respon 
Sive to novesnent of Said slidable member for 
effecting a stepwise reduction in the hydraulic 
pressure in said conduit from an initial high 
value first to a lower value Sufficient to maintain 
all the pistons of the Second pumping unit effec 
tive and thereafter to a still lower value at 
which certain only of the pistons of the second 
pumping unit are effective, the other pistons being 
in operative. 

7. A two stage hydraulic pump, comprising a 
first pumping unit, a second pumping unit in 
cluding a plurality of radial cylinders, pistons in 
said cylinders, inlet and outlet valves associated 
with each of said cylinders, springs loading said 
inlet valves, one group of inlet valves having 
weaker loading springs than another group of 
inlet valves, and positively driven means for re 
ciprocating said pistons in said cylinders to cause 
them to discharge liquid under pressure through 
said outlet Valves, a conduit for Supplying liquid 
under pressure from the first pumping unit to 
the inlet valves of the Second pumping unit, an 
outlet for receiving the discharge from the out 
let valves of the Second pumping unit, a connec 
tion between said conduit and said outlet, and 
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8 
an off-loading valve, responsive to the delivery 
pressure in said outlet, for controlling the hy 
draulic pressure in said conduit, said off-load 
ing valve comprising a slidable member exposed 
to the delivery pressure in said outlet, Spring 
means balancing said slidable member against 
said delivery pressure and arranged to yield in 
stages in response to increase in the delivery 
pressure to certain predetermined values, Said 
slidable member maintaining said connection 
open so long-as-the delivery pressure in said 
outlet is below a predetermined value, but being 
effective, when the delivery pressure reaches said 
predetermined value to ciose said connection, and 
means responsive to movement of Said slidable 
member for effecting a step-wise reduction in 
the hydraulic preSSure in Said conduit from an 
initial high value first to a lower value Sufficient 
to maintain all the pistons of the second pumping 
unit, effective and thereafter to a still lower value 
at Which the group of inlet valves with the 
stronger loading Springs will remain closed and 
the Other group of outlet Valves alone will be 
effective to admit liquid to their respective cyl 
inders. 

8. A tWO stage hydraulic pump, comprising a 
first pumping unit, a second pumping unit includ 
ing a plurality of radial cylinders, pistons in said 
cylindel's, inlet, and outlet waives associated with 
each of Said cylinders, and positively driven 
means for reciprocating said pistons in said cyl 
inders to cause theim to discharge liquid under 
pressure through said outlet valves, a conduit 
for supplying liquid under pressure from the first 
pumping unit, to the second pumping unit, a first 
port leading from Said conduit to certain of said 
inlet valves, a Second port leading from Said 
Conduit to othel's of Said inlet valves, and an off 
loading Valve, responsive to the delivery pressure 
in Said Cutlet, for controlling the hydraulic pres 
Sure in said conduit and also controlling the flow 
of liquid fron said conduit through said ports, 
Said off-loading waive comprising a slidable mem 
ber exposed to the delivery pressure in said out 
let, Spring ?ileans balancing said slidable member 
against said deliveiry pressure and arranged to 
yield in stages in response to increase in the de 
lively pressure to certain predetermined values, 
and means responsive to novement of said slid 
able member for effecting a step-wise reduction 
in the hydraulic pressule in said conduit, said 
slidable membel' being arranged to close said 
first port when the delivery pressure attains a 
predetermined value and to close said second 
port. When the delivery pressure attains a second 
and higher predetermined value. 
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