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UNITED STATES PATENT OFFICE 
2,296,64 

HYDRAULIC PRESSURE BOOSTER, 

John H. McCormick, Racine, Wis., assignor to 
Racine Tool & Machine Company, Racine, Wis., 
a corporation of Wisconsin. 

Application February 28, 1941, Seria No. 381,046 
(CI. 12-5) 4. Claims. 

The invention relates to hydraulic pressure 
bOOSterS. 
The general object of the invention is to provide 

a. Combined pump and notor device Of the differ 
ential piston type in which a pressure fluid at low 
preSSure acting against the larger diameter of 
the piston is used to raise the pressure of an 
operating fluid, preferably a portion of the low 
preSSure fluid, to the desired higher pressure. 
The pump and notor device of the present in 
vention is double acting, and the pressure of the 
higher pressure fiuid is practically continuous 
through the operation of an automatically oper 
ated reversing valve whose movements are posi 
tively controlled by auxiliary valves which are 
in turn controlled both by each other, by the pis 
ton, and by the pressure of the motive fluid. 
A further object of the invention is to provide 

a pump and notor of the type above described in 
Which the entire area of the high and low pres 
Sure pistons may be used to drive the piston; 
The invention further consists in the several 

features hereinafter set forth and more partic 
ularly defined by claims at the conclusion hereof. 
In the drawings: 
Fig. 1 is a Vertical Sectional view of a device 

embodying the invention in one of its operating 
positions; 

Fig. 2 is a vertical sectional view similar to Fig. 
1. ShoWing certain modifications. 
The combined motor and pump comprises a 

OW pressure cylinder 5 and high pressure cylin 
derS 6, 6' alined therewith and With a double act 
ing differential piston - having parts reciprocat 
ing in Said cylinders. The cylinder 5 is formed 
in a casing 8 and the cylinders 6 in end plates 9 
and 9 secured in a fuid-tight manner to the 
caSing 8. 
A main piston type reversing valve O. Works in 

vine casing 8 having a loW pressure Supply con 
duit , and passages 2, 2’ respectively con- - 
necting Opposite ends of the cylinder 5 with pas 
Sages or holes 3 in the cylindrical valve liner 4. 
The conduit connects with holes is in said 
liner. The Valve 8 has annular recesses 6 there 
in on Opposite: Sides of a central part 1 whereby 
the conduit if will connect with either the pas 
Sage 2 or the passage 2". Instead of being di 
rectly operated by the hydraulic fluid, the valve 
8 has a lost motion connection through a rod 8, 
loosely mounted in it and of greater length, with 
hydraulically operated rams f9, 9 working in 
bores 20, 20' formed in the end plates 9 and 9 
and allined with the bore in the liner 4. 

PaSSage of hydraulic fluid to the bores 20 and 
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20 is through passages 2 and 2 formed in the 
respective end plates and each controlled by its 
OWn differential piston type control valve 22 or 
22. 
The control valves 22 and 22' work respectively 

in differentially alined bores 23, 24 and 23, 24, 
the bores 23 and 23 being of smaller diameter 
and having annular enlargements 25, 26, and 27 
and 25, 26, and 27 therein, respectively. The 
enlargements 25 and 25 connect by cored pas 
sages 28, and 28 in the casing 8 with the inlet 
paSSage, the enlargements 26 and 26 connect 
With the passages 2 and 2 and the enlarge 
ments 27 and 27' connect with passages 29 and 
29' which are connected with the exhaust or 
return Connection to the fluid Supply tank. A 
port 30 from the passage 2 connects through 
exterior piping 3 with a port 32 communicating 
with the bore 24, and a port 30 connects through 
exterior piping 3' with a port 32 communicating 
With the bore. 24. The liner 4 has exhaust ports 
33 and 33' which connect with permanent ex 
haust chambers 34, 34 that in turn are Connected 
by Suitable piping with the Supply tank. 
For allowing any ªleakage from the larger i di 

ameter parts of the valves 22 and 22' to quickly 
escape to exhaust each of these Valves has a lon 
gitudinal passage 35 connected by portS 36 and 
37 whereby leakage from the space adjacent bores 
23 or 23 may escape through port 3, passage 
35, and port: 36 to the exhaust including the en 
largement 27 or 27’ and passage 29 or 29’. 
In order to allow the low pressure fluid to act 

on the entire area of each end of the piston, 
the back end of each high pressure end is relieved 
to provide a Space 38 which is connected by a 
diametrically disposed passage 39 with a centrally 
disposed passage 40 leading to the high pressure 
bore of the cylinder 6 or 6 whose outer end is 
controlled by a flat seated Spring closed check 
valve 4f or 4, each mounted to cooperate with 
a removable seat member 42 in the passage 40 
Secured in position by a sleeve, nut 43. Each 
check valve has a sleeveguide extension 44 pro 
vided with passages 45 adjacent the seating por 
tion of Said WallWe. 
The high pressure bore 6 has passages 46 and 

4 connected to a high pressure outlet passage 
48, and the high pressure bore 6’ has passages 
46 and 47 connected to the high pressure outlet 
passage 48. A spring Seated discharge check 
valve 49 controls the di Scharge from the paSSage 
47 to the passage 48, and a similar Valve 49” con 
trols the discharge from the passage 47 to the 
paSSage 48. 
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2 
The drawing shows the device about to start on 

its pumping stroke toward the right, the space 38 
in front of the left hand face of the piston 7 being 
filled with low pressure oil, some of which has 
passed by the check 4 to fill the cylinder space 
6 in front of the high pressure portion of the 
piston T. This low pressure oil is being admitted 
to the device through the low pressure inlet i?, 
holes 5, recess 6 in valve fo, ports 3, passage 
2, space 38, and through passages 39 and 40 past 
check valve 4 to cylinder space 6' and its con 
necting passages which are under these condi 
tions cut off from the high pressure outlet 48. At 
the same time low pressure oil passes from the 
inlet and passage 28' to enlargement 25 from 
which it proceeds through part of bore 23 and 
enlargement 26’ to passage 2’ and bore 20’, 
thereby acting on ram 9' and valve 0 while the 
ran 9 and the opposite end of said valve are at 
exhaust pressure to retain the same in this posi 
tion of adjustment until the pressure on said ram 
9 and valve 22 are relieved. At the same time 

the valve 22 is positively hydraulically held in its 
leftward shifted position by oil at low pressure 
from passage 2 passing through pipe 3 to bore 
24 acting on the part of said valve 22 of larger. 
diameter and also connecting - the smaller diam 
eter portion of this valve 22 through enlargements 
26 and 27 and passage 29 with the exhaust or 
supply tank. At the same time the forward end 
of bore 24' is connected to the exhaust through 
piping 3 , passage 2, enlargements - 26 and 27 
and passage 29. Under the conditions mentioned 
above the piston 7 proceeds to move to the right 
forcing the fluid at the low pressure side of cyl 
inder 5 adjacent the cylinder 6 out the exhaust 
through the passages 2, 3, and 33 and forcing 
the fluid in the high pressure cylinder 6 into the 
passages 46 and 47 past the discharge valve 49 and 
into the discharge passage 48 until Said piston 
strikes the inner end 50 of the valve 22 and shifts 
this valve to the right. When this occurs, the 
valve 22 moves to the same position relative to the 
cylinder 6 as is shown in connection with the 
valve 22' and cylinder 6'. Under these conditions 
the enlargements 25 and 26 are connected to the 
low pressure oil through the passage 28 and inlet 

f, so that some of this oil may flow into the 
passage 2 to the bore 20 in front of the ram - 9, 
and also some of it will flow through pipe 3' to 
the larger diameter bore 24' and act upon the 
larger diameter part of the piston of the valve 22' 
causing it to be shifted from its leftward position 
shown in the drawings toward the right so as to 
bring its smaller inner end 50' into position to be 
struck by the piston as it nears the end of its 
stroke toward the left and also connect the paS 
sage 2 and enlargement 26' with enlargement 
27' and passage 29' to the exhaust or Supply tank, 
thus relieving the oil pressure ahead of ram 9 
and permitting the low pressure oil flowing into 
the forward part of bore 20 to act on ram f9 and 
pin f 8 so as to shift the reversing valve 0 toward 
the left. It is also to be noted that the Connec 
tion of the valve 22 with the exhaust also Con 
nects the bore 24 through piping 3 with the 
exhaust or supply tank, so that there is no tend 
ency for the valve 22 to change the position into 
which it has been shifted by the piston. AS SOOn 
as the reversing valve to reaches its leftward posi 
tion, the low pressure oil from passage is ad 
mitted by-valve Octopassage 2 while passage 2 
is connected with the exhaust with the result 
that the piston 7 in its right hand position has its 
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2,296,647 
Same Way as that shown in the drawing on its left 
end, and its left end is relieved of pressure with 
the result that the piston is pushed from the right 
to the left, and the oil in the bore 6' in front of 
the Smaller diameter left end part of the piston 7 
is forced through passages 46' and 47 past opened 
check valve 49' to the high pressure passage 48, 
and when the piston 7 completes its movement to 
the left, it shifts the valve 22' to the left to the 
position shown in the drawing to connect the bore 
20' with the low pressure oil so as to shift the 
valve 9 to the position shown, and the cycle of 
operations is then repeated. 
From the foregoing it will be noted that it is 

necessary to effect a complete movement of one 
of the auxiliary valves 22 or 22 before the other 
is moved and that this latter valve is hydraulically 
moved and hydraulically held in a position to be 
struck and noved by the piston before the 
reversal of the reversing valve can take place, and 
that while one auxiliary valve is hydraulically 
held in a tripping position by low pressure oil, the 
other auxiliary valve is held in a non-tripping 
position by Suction or exhaust preSSure. On its 
larger diameter end. It will, therefore, be noted 
that the arrangement provides a hydraulic inter 
locking action between the two auxiliary valves 
22, 22' and the reversing valve 0. 
In some instances it is desired to use different 

hydraulic fluids for the low pressure motor and 
the high pressure pump, and under these condi 
tions the low pressure oil is separate from the 
high pressure fluid, Such as Water, as shown in 
the apparatus of Fig. 2 in which the numeral D5 
designates the low pressure cylinder and 06 
and 06’ the high pressure cylinders with the 
differential piston f O. Working in these cylinders, 
there being suitable packing glands - 68-through 
which the high pressure end 9 and 09'. Of the 
piston 07 passes in order to prevent leakage 
between the high and low pressure cylinders. In 
this modified form the high pressure ends func 
tion as ordinary plunger type pumps, the suction 
Stroke of the piston Oil drawing water or other 
press operating fluid past suction inlet check 
valve 60' into the pump chamber including the 
short pipe 6 and the delivery stroke of this 
piston 07 forcing the fluid in the cylinder. C6' 
past a discharge check valve 62' into the high 
pressure pipe line 63. Similarly, the suction 
stroke of the piston 07 drawing water or other 
operating fluid past suction inlet check valve 60 
into the pump chamber including the short pipe 
6 and the delivery stroke of this piston f O7 forc 
ing the fluid in the cylinder 06 past a discharges 
check valve 62 into the high pressure pipeline 63. 
The action of the high pressure ends of the dif 

ferential piston is, of course, dependent directly 
On the movement of the low pressure end by the 
low pressure hydraulic fluid which is effected in 
Substantially the same manner - as the first de-- 
Scribed construction through the operation of a 
main reversing valve flo and auxiliary differen 
tial piston type valves 22 and 22' working in 
the bores 23, 24 and 23, 24, respectively. 
The main reversing valve 0 works in a ported 
liner f4 and acts to direct the flow of low pres 
sure hydraulic fluid from pipe f l l either to pipe. 

2 connected with the right hand end of the 
cylinder 05 or to pipe 2’ connected to the 
left hand end of said cylinder Q5. and at the 
same time connect the other of these pipes. 2, 
f2 with the exhaust passage 34 connected to 

the hydraulic fluid supply tank through any suit 
right end acted upon by low prassure oil in the 75 able piping not shown. The bore 23 has a low 
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pressure port. Í28, a - transfer port 126; and an 
exhaust port 29, communicating thereWith. The 
valve 22 is adapted to connect the port 26, with 
the exhaust port 29-in its leftward shifted posi 
tion or to connect port 26 With the port 28 in 
its rightWard shifted position. Similarly, the 
bore 23' has a low pressure port 28, a transfer 
port 26', and an exhaust port 29 communi 
cating therewith. The valve 22 is adapted to 
connect the port. 26. With the low pressure port 
28 as shown in its leftward shifted position or 

to connect said port 26 with exhaust port 29 
in its rightWard shifted position. 
As in the first described construction, the re 

versing valve has a lost motion connection - with 
the rams 9 and 9' working in bores 20 and 
29' in the valve casing 50 engaging the ends 

of a rod f 8 which runs loosely through an ax 
ially extending bore in the valve it, said rams 
having stem extensions passing through stuffing 
boxes 0 at the ends of said casing. The bore 
| 20 connects by a pipe 2 with the port f 26', 
and a branch pipe 3 leads from an intermediate 
point of this pipe to the front end of the bore 24. 
The bore 20 connects by a pipe 2' with the 
port 26, and a branch pipe 3 leads from an 
intermediate point thereof to the front end of 
the bore 24'. 
The ports 28 and 28 lead into a common 

passage connected with a pipe of low pres 
sure oil or other Suitable hydraulic fluid. 
With the above arrangement, the piston Ol 

on the last part of its movement toward the left 
engages the projecting end of the valve 22' and 
shifts it to the left into the position shown in 
Fig. 2, thereby connecting ports 28' and 26' 
together, so that the driving low pressure hy 
draulic fluid from pipe will flow through 
pipes 2 and 31, thus bringing pressure fluid 
against the ran f 9 to move the reversing valve 
f0 from the position shown in Fig. 2 toward the 

left and bringing pressure fiuid into the bore 24 
to shift the valve 22 to the left to the position 
shown in the drawing. When this valve 22 is 
so shifted, the port 26 is connected with the 
exhaust port 29, and hence the bores 24' and 
20' are connected to the exhaust through pipes 
3' and 2' with the result that there is noth 

ing interfering With the shifting of the reversing 
valve 0 toward the left and the continued posi 
tioning of the valves 22 and 22 in the posi 
tions shown in the drawing until the piston (7 
moves from the position there shown to the right 
until it strikes the projecting end of the valve 
f22. The piston is so moved to the right by the 
movement of the reversing valve 0 to the left 
so as to connect pipes 2' and together while 
pipe ff2 is connected to the exhaust passage 34 
and the Supply tank Connected thereWith. Dur 
ing the movement of the piston OT toward the 
right, the hydraulic fluid in cylinder 06 drawn 
in past check valve 60 during the preceding left 
Ward stroke is forced out of said cylinder past 
the check valve 62 to the pipe 63 at the desired 
high pressure which is determined by the ratio of 
the diameters of the small and large pistons of 
the differential piston 07. On this movement to 
the right the piston 09' draws in a new charge 
of hydraulic operating fluid past check valve 60' 
into cylinder 6. At the end of the travel of 
the piston OT to the right the positions of the 
control valves 22 and 22 are reversed from 
that shown in the drawing while the reversing 
valve O is shifted to the right to the position 
shown in Fig. 2 since shifting of the valve 22 to 
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the right connects ports - 26 and 28-together and 
to pipes. 2' and ... 3' which, then, connect the 
bore 20 of the reversing. valve mechanism- and 
the bore 24' of the pilot valve - 22 with the 
low pressure motive fluid from pipe, if', thereby 
first causing a shift. of the valve. 22' toward the 
right to connect the port 26 to the exhaust port 
29' and through pipe. 2. and 3 connect the 

forward end of bore 204 of the reversing valve 
mechanism and the bore - 24 for -the-pilot valve 
22 with exhaust, so that there-is-then nothing 

to stop the shifting of the reversing-valve - 0°. 
from the left to the right to the position-shown, 
and at the same time holding the valve 22 in. 
its rightward position. Shifting-of-the valver O. 
to the position shown connects the-pipe-2 with 
the pressure fluid supply pipe and the pipe 

2' with the exhaust passage, so that the piston 
07 is driven to the left to the-position shown in 

Fig. 2 while the right high pressure piston 09 
is on its suction and the left high pressure-piston 
f09 is on its delivery stroke. Thereafter; the 
cycle of operation is repeated. 
In this form of the invention it is to be again 

noted that the reversing valve: 0- cannot be 
operated to cause a reversal of the piston (OT 
until Said piston reaches the end of its movement 
and the control or auxiliary valves are operated 
and that neither pilot valve 22 or 22’ can be 
shifted during the intermediate travel of the pis 
ton and that the shifting of one controls the 
shifting to what may be termed the “cocked' 
position of the other. 

It is also to be noted that the lost motion con 
nections between the reversing valve and its small 
Operating rams aid in the shifting of the revers 
ing Valve, as either one of them is in motion 
When it engages this valve and thus acts to over 
come the inertia of the heavier reversing valve 
and promptly shift it to its reversed position. 
The lost motion connections also provide a cer 
tain time delay or lag in the operation of the 
reversing Valve, So that the control valves Will be 
in their desired positions when the movement of 
the reversing valve occurs. 
The hydraulic pressure booster above described 

corresponds in its operation with that of the ac 
tuating pump for furnishing the low pressure 
fluid, so the booster's operation may be of variable 
or constant volume depending upon the actuating 
pump. 

I desire it to be understood that this invention 
is not to be limited to the details of construction 
hereinbefore described except only in so far as 
such limitations are included in the appended 
claims. 
What I claim as my invention is: 
1. In a hydraulic booster having a cylinder, 

a motor piston operating in said cylinder and 
a reversing Valve for alternately respectively con 
necting opposite ends of Said cylinder with a 
Source of hydraulic pressure fluid and exhaust, 
the combination. With said piston and said valve 
of a pair of control valves for said reversing 
Valve, means for Operating said control valves 
alternately by the piston as it reaches the end 
of its stroke, hydraulically operated means for 
returning Said control valves, and means for hy 
draulically interlocking said control valves to 
prevent their movement except at the end stroke 
positions of the movement of the piston, said 
Valves in turn preventing movement of the revers 
ing valve until One of said valves has been oper 
ated and the other has been moved to a position 
for acutation by the piston on its return stroke. 



4. 
2. In a hydraulic booster having a pressure cyl 

inder, a motor piston operating in Said cylinder 
and a reversing Valve for alternately connecting 
the opposite ends of the cylinder with a source 
of hydraulic pressure fluid and an exhaust, the 
combination. With said piston and said valve of 
a pair of control valves for said reversing Valve, 
said control valves being disposable at the ends 
of the cylinder in position to be alternately en 
gaged and moved by the piston as it reaches the 
end of its stroke, hydraulically operated means 
for returning said control valves and means for 
hydraulically interlocking said control valves to 
prevent their movement except at the end stroke 
positions of movement of the piston, Said valves 
in turn preventing movement of the reversing 
Valve until one of Said valves has been operated 
and the other has been moved to a position for 
actuation by the piston on its return stroke. 

3. In a hydraulic booster having a cylinder, a 
motor piston operating in Said cylinder, and a 
reversing Valve for alternately respectively con 
necting the opposite ends of the cylinder with a 
Source of hydraulic fluid under pressure and an 
exhaust, the combination with said reversing 
valve of actuating rams for shifting said valve 
having a lost motion connection therewith so as 
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to control the inlet and exhaust of pressure fluid 
to opposite ends of the cylinder, and control 
means controlled by the piston at the end of its 
stroke in both directions for controlling the op 
eration of Said rams. 

4. In a hydraulic booster having a cylinder, a 
motor piston operating in said cylinder, and a 
hydraulically operated reversing pistOn type valve 
for alternately respectively connecting the oppo 
Site ends of the cylinder. With a source of hy 
draulic pressure fluid and an exhaust, the com 
bination with Said piston and valve of a pair of 
Oppositely disposed differential piston type con 
trol valves mounted to have a part of their re 
duced inner end project in Wardly into the cylin 
der in the path of the piston for shifting move 
ment thereby in one direction, said control valves 
provided with hydraulically operated rams for 
shifting said Valves in the opposite direction, dif 
ferential diameter bores for said valves, passages 
interconnecting the larger diameter bore of one 
of the valves with the Smaller diameter bore of 
the other Valve, and passages controlled by said 
control valves under the action of the piston for 
controlling the supply of hydraulic pressure fluid 
to operate said reversing valve. 

JOHN H. McCORMICK. 



CERTIFICATE OF CORRECTION, . . 

Patent No. 2,296,647. September 22, 1942. 
JOHN H. McCORMICK. 

It is hereby certified that error appears in the printed specification 
of the above numbered patent requiring correction as follows: Page 2, first 
column, line l6, for "bore 23" read --bore 25 --; page ? ?? first column, 
line l, strike out "pressure"; and that the said Letters Patent should be 
read with this correction the rein that the same may conform to the rec 
ord of the case in the Patent Office. 
signed and sealed this 27th day of October, A. D. l942. 

Henry Wan Arsdale , 
(Seal) Acting Commissioner of Patents. 


