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UNITED STATES PATENT oFFICE 
?,680,847 

HYDRAULC, JACK 
John A. Kanuch, South Euclid, Ohio, assignor to 
Borg-Warner Corporation, Chicago, Ill., a cor 
poration of Illinois 

Application May 10, 1950, Serial No. 161,087 
(Cl. 60-—52) Claims. 

This invention relates to a hydraulic power 
unit, and more particularly to a manually oper 
ated hand pump incorporating a return valve 
operated by pivoting the pumping lever at right 
angles to its normal path of reciprocation. 
In certain applications, it is sometimes desir 

able to employ a manually actuated hydraulic 
pump rather than a motor actuated pump. Thus, 
a manually operated hydraulic pump may be em 
ployed in conjunction with a light Weight port 
able lift truck where it is not feasible or eco 
nomical to provide a motor driven unit. In Such 
applications, it is desirable to provide readily 
operable means for pumping and then releasing 
the hydraulic pressure. Heretofore, a Common 
practice has been to provide a manual valve which 
is turned by the operator to release preSSure. 
Such manual valve is separate from the pumping 
unit, and its operation requires that the Opera 
tor release the hand pumping lever in Order to 
grasp the manual Valve. For obvious reasons, 
this is undesirable. 
An object of the present invention is to provide 

a new and improved hydraulic power unit, and 
more particularly a manually operated hydraulic 
power unit wherein operation of the pressure re 
lease valve is effected merely by pivoting the 
pumping lever substantially at right angles to 
its normal path of reciprocation. 
A further object of the present invention is to 

provide a hydraulic power unit incorporating a 
relief valve in conjunction with the pressure re 
lease valve. 

In accordance with One embodiment of this 
invention, a hydraulic power unit may be pro 
vided comprising a double acting piston type 
pump wherein the pump lever is reciprocated in 
one plane to cause pumping movement of the 
pistons and is moved at right angles to this plane 
to unseat a ball type release Walve whereby hy 
draulic pressure in the system is released. 
In accordance with a second embodiment of 

this invention, a relief valve may be provided for 
the hydraulic power unit control valve by emi 
ploying a floating valve seat for the control or 
release valve, the valve seat being arranged to 
move to cause, in effect, opening of the control 
valve in response to the System pressure exceed 
ing a predetermined desired maximum value. 
Other objects and advantages of the present 

invention Will be apparent from the following de 
tailed description thereof taken in conjunction 
with the drawings, wherein: 

Fig. 1 is a transverse, sectional view taken Sub 
stantially along the line f-f of Fig. 2, and show 
ing a double acting hydraulic power unit con 

2 
structed in accordance with one embodiment of 
this invention; 

Fig. 2 is a sectional View taken along the line 
2-2 of Fig 1, and 
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Fig. 3 is a detail view of the return control 
valve of Fig. 2 showing this valve modified to 
serve also as a relief valve. ?? 

Ehe double acting hydraulic power unit shown 
in FigS. 1 and 2 is a Substantially Self-contained 
System designed to be sold as a package and COm 
prises a housing 3 enclosing an Oil Sump or res 
ervoir 0 and a pair of oppositely acting piston 
pumps and 2. Operation of the piston pumps 

and 2 causes hydraulic fluid to be withdrawn 
from the reservoir () and discharged through a 
common outlet port 4 formed in the mid portion 
of the housing 3, as viewed in Fig. 1. The dis 
charge port 4 may be connected by a suitable 
line 5 to a pressure responsive device such as a 
piston type hydraulic motor 6 and return pres 
Sure from the plunger is communicated back to 
the power unit through the outlet port 4 to a 
return control valve 7 operated by the pump 
operator, as will be described. 
As the piston pumps and 2 are identical 

except for the left and right location thereof, re 
spectively, as viewed in Fig. 1, the following de 
tailed description of the pump assembly if ap 
plies equally to the pump assembly i2. 

Piston pump assembly is disposed in an 
elongated, cylindrical chamber 8 formed in the 
left lower portion of housing 3 and extending 
transversely of Fig. 1. A sleeve-shaped cylinder 
9 is fitted within the right portion of chamber 
8, being retained therein by an inwardly extend 

ing shoulder 20 of the chamber 8 against the left 
end of which the right side of a flange 2 inte 
grally formed with the left end portion of cylin 
der i9 bears. The flange 2 i is provided With a. 
peripheral, annular groove 22 to receive an O-ring 
Seal, Whereby leakage of pressure between the 
Wall of chamber 8 and periphery of cylinder 9 
is avoided. Pump piston 23 is slidably journalled 
within cylinder 9 and is provided with a passage 
24 which extends axially through the piston from 
the left end thereof to a point slightly spaced 
from the right end thereof. Aperture 24 at its 
right end communicates with a radially extend 
ing aperture or port 25 whereby hydraulic fluid 
may be drawn into the piston chamber during 
the suction stroke. The location of the right end 
of the passage 24 must be such that at the end 
of the compression stroke of piston 23 the outer 
end of radial passage 25 is still in communica 
tion. With the Sump 0. 
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A check valve 26 comprising a ball poppet is 
arranged to Seat on a valve Seat 2 provided by 
Sharply enlarging the aperture 24 immediately 
adjacent its left end, the ball poppet being urged 
into seating relation by a small, very light spring 
28, carried within the radially segmented or slot 
ted left portion 30 of piston 23 and bearing at its 
left end against a dished expansion plug or plate 
3 fitted tightly within an annular, coaxially dis 
posed receSS 32 formed in the left, inner end of 
the segmented portion 30. Spring 28 exerts only 
Sufficient preSSure to move the ball valve 26 to 
closed position at the end of the suction stroke. 
During the Suction stroke of piston 23, the ball 
poppet valve 26 readily opens permitting hy 
draulic fluid to be drawn into the piston cham 
ber; then, upon the piston reversing direction, 
the ball poppet 26 immediately seats and the fluid 
in the chamber is delivered under pressure. 
Immediately adjacent the left end of sleeve 

cylinder 9 there is mounted an annular plate or 
disc 33 defining at its left, inner edge a valve seat 
34 for a second ball poppet valve 35 mounted on 
the left Side of the plate 33 in axial alignment 
With the central aperture formed therethrough. 
The plate 33 bears at its right side against the 
left end of the sleeve cylinder 9. Like the flanged 
portion 2 of the sleeve cylinder, the plate 33 is 
provided With an annular peripheral groove 37 
in which is positioned an O-ring seal 49. The 
bail poppet valve 35 is urged into seating rela 
tion by a relatively heavy, coiled compression 
Spring 4, the left portion of which is received in 
a cylindrical recess 42 formed in a plug or closure 
block 43 mounted in the left side of housing 3, 
as viewed in Fig. 1. The closure plug 43 is 
threaded into an enlarged left portion 44 of the 
piston chamber, and its right end bears against 
the left side of valve seat disc 33, thus holding 
the disc rigidly against the cylinder 9 and the 
cylinder 9 rigidly against the shoulder 23. It 
Will be noted that the right end portion of re 
tainer plug 43 is segmented or radially slotted, 
Similarly to the left end of piston 23, the inner 
edges of the segmental portions 45 serving as 
guides for the poppet valve 35 to maintain the 
Valve in correct axial alignment with valve seat 
34, the poppet valve being loosely fitted between 
the segments. 

During the suction stroke of the piston 23, the 
ball poppet 35 is seated, preventing the pump pis 
ton from Withdrawing fluid from the outlet port 
4. The ball poppet 35 also remains seated due 
to Spring 4 when the pistons are not recipro 
cated. The ball poppet valve 35 is unseated only 
in response to the compression of the spring 4 
being overcome by the pressure of the hydraulic 
fluid acting thereagainst in response to the pump 
ing Stroke of piston. 23. Upon unseating of ball 
poppet 35, pressure fuid is delivered to a side 
Wardly extending passage 46 which communi 
cates with a vertically extending passage ?i ter 
minating at its lower end in outlet port 4. The 
passage 46 extends at an acute angle to the axis 
of reciprocation of pistOn 23, When viewed in 
plan view, so that one end thereof may com 
municate With the vertical passage 47 while the 
opposite end is in communication with pump 
chamber 8. A similar, angularly extending pas 
sage is, of course, provided for the right pump 
assembly f2, both passages connecting to the 
common outlet passage 47. 

Reciprocation of the piston 23, and the corre 
sponding, alternate reciprocation of the right 
pump assembly 2 is effected by pivoting a pump 
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4. 
lever arm 50 which is secured, at its lower end, 
to the right end of a hollow shaft 5i, as viewed 
in Fig. 2. Shaft 5i is journalled in housing 3 
and has fixed thereto a cam block 52, the can 
block 52 being provided with an aperture 53 
through which the shaft 5 extends and a Set 
Screw 54 to lock the cam to the shaft. A down 
Wardly depending portion 55 of the cam pro 
vides a double faced can Surface, the curved, left 
Side of down Wardly depending portion 55 engag 
ing the right end of piston 23, and the curved, 
right side of downwardly depending portion 55 
engaging the left end of the corresponding pis 
ton of pump assembly f2. 
More particularly, it will be noted that the op 

posed erads of the tWO pistons are provided with 
terminal portions of flattened and substantially 
reduced width. Termination 56 at the right end 
of pistOn 23 is connected to the correspondingly 
reduced termination of the right pump piston by 
a pair of links 57, the links 57 being mounted on 
either Side of each termination, in spaced rela 
tion, and the downwardly depending portion 55 
of the cam 52 being disposed between the inter 
mediate Spaced portions. The links 5 are made 
only Sufficiently long so that the cam portion 55 
may be fitted between the opposed ends of the 
pistons without Substantial tolerance. At the 
Same time the curved, piston end engaging, side 
Surfaces of Cann portion 55 are made to have a 
radius of curvature Substantially equivalent to 
One-half the distance between the opposed pis 
ton ends. Thus, pivoting of the can involves no 
change in the Spacing between the pistons and a 
tight action is maintained. 
From the foregoing, it will be evident that by 

pivoting or rocking the pump handle 5 back 
and forth in the plane of Fig. 1, the pump pistons 
will be alternately reciprocated to cause delivery 
of hydraulic pressure to the outlet port 4. 
When it is desired to release pressure, that is, 

to permit return of pressure from the pressure 
actuated device through the outlet port 4, the 
return valve f is opened to provide a passage 
to the Sump 0. This is accomplished by pivot 
ing the lever 50 to the left, as viewed in Fig. 2, 
that is to say, at right angles to its normal plane 
of movement, to cause a push rod Se to move 
the ball valve 6 of the return valve assembly 
away from its Seat. Ball valve 6 is arranged 
to Seat on a valve seat insert 62 of sleeve-shape 
which is mounted in a recessed portion 53 at the 
left end of a short passage 84, formed in housing 
3 and communicating at its right end with the 
Sump chamber f0. The left end or tip portion 
of the push rod 69 is substantially smaller in 
diameter than the inner diameter of insert 62 
and extends into insert 62 so that the left ter 
minal end of the push rod may be engaged with 
the right side of ball valve 6i. By 2noving the 
push rod 60 to the left, the ball valve 6 Inay be 
unseated to permit return flow of hydraulic fluid; 
When the ball valve 5 is unseated, a return pas 
Sage is thus afforded from the common discharge 
paSSage 4 to the control or return valve chamber 
65, formed in housing f3, and from there to the 
Sump through a short annular passage defined 
by the periphery of the reduced tip portion of 
push rod 60 and the adjacent inner wall of insert 
62 and passage 64. 
The ball valve 6 is normally urged to closed 

position by a coiled compression spring 66, the 
left portion of which is received in a relatively 
deep recess 67 formed in a retainer cap 68, which 
is in turn threaded into the left end of chamber 
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65, as viewed in Fig. 2. It will be noted that the 
right end portion 70 of the retainer cap 68 is 
reduced so that there is a substantial Space be 
tween the periphery of the reduced portion 70 
and the adjacent wall of chamber 65. The right 
end of cap 68 is spaced from the left end of insert 
62 so that when the ball valve 6 is unseated, 
the fluid may pass to the sump. This terminal 
portion To also serves as a guide for the ball valve 
6 Which is loosely fitted therein. In SOme cases 
it may be desirable to axially slot the terminal 
portion 70 of the cap 68 to apply System preSSure 
to the left side of ball valve 6 to aid in holding 
the valve seated. 
The right portion of the push rod 60 is jour 

nalled in an axially extending aperture if formed 
in the hollow shaft 5 and the right end of the 
push rod bears against the left end of an ad 
justing screw 72 threaded into and extending 
transversely of the pump lever 50. A coiled com 
pression spring 73 surrounds the right end por 
tion of push rod 60, being received in an enlarged 
or recessed portion 14 of the aperture if and 
the right end of the spring 13 bearing against 
the left side of the lower end portion of lever 
arm 50. The lower end of lever arm 50 is piv 
otally supported at a point Substantially lower 
than the location of adjusting screw 72 on a 
transversely extending pivot or stub shaft 75, 
mounted at right angles to the axis of shaft 5, 
the two ends of stub shaft 75 being fixed in the 
opposed sides of a tubular member 76 in which 
member the lower portion of lever arm 50 is re 
ceived. Member 76 is rigidly secured adjacent 
its lower mid portion to the right end of sleeve 
shaft 5, as by welding; the left side of the por 
tion of the arm 50 extending from the stub shaft 
75 up to slightly beyond the upper end of tubular 
member 76 is cut away to provide a long recess 
or notch 77 on the left side thereof, as viewed 
in Fig. 2. This permits lever arm 50 to be piv 
oted about the axis of shaft 75 to the left, as 
viewed in Fig. 2, a Sufficient distance to cause 
the push rod 60 to unseat the ball valve 6. This 
pivoting of arm 50 to unseat valve 6 may be done 
anywhere in the path of and during the recipro 
cation of lever arm 50 in the plane of Fig. 1. 
In some cases it is desirable to incorporate a 

relief valve in the power unit. In accordance 
with the present invention, this may be done by 
employing a floating valve seat for the control 
valve, the valve seat being arranged to move in 
response to the system pressure exceeding a pre 
determined maximum desired value while the 
ball poppet is held or prevented from following 
the valve seat by the tip of push rod 60. 

Referring now to Fig. 3, showing a modifica 
tion of the control valve 7 to provide a relief 
valve arrangement, it will be seen that a floating 
valve Seat insert 62-0 is substituted for the valve 
seat insert 62 shown in Fig. 2 and the insert 62-d 
is slidably journalled in the right end of a slightly 
modified short passage 63-a and is axially dis 
placeable therein. The passage 63-d may con 
prise substantially only a slightly enlarged ex 
tension of valve chamber 65. The left end of 
insert, 62-a abuts the right side of a shoulder 80 
formed on the chamber Wall at the point the 
passage ends and the chamber proper begins, the 
shoulder 80 preventing the sleeve insert from 
moving too far into the chamber. The right end 
of the sleeve insert 62-a is reduced to define an 
annular ledge 8 against Which the left end of 
a coiled compression Spring 82, surrounding the 
tip of push rod 60, bears, the right end of spring 
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82 bearing against the left end of sleeve shaft 5. 
Preferably spring 82 is made sufficiently large in 
diameter to be located in coaxially spaced rela 
tion to the push rod and the right end of Spring 
82 may be received in an annular recess 83 co 
axially disposed with respect to the axially ex 
tending aperture 1l formed in Shaft 5. 
When the system pressure exceeds a predeter 

mined value, this pressure, exerted against the 
left side of poppet ball 6? and the left terminal 
end of valve seat 62-a, Will cause the floating 
valve seat 62-a to move to the right against the 
compression force exerted by spring 82. Poppet 
ball 6 is prevented from moving more than a 
very short distance to the right by engaging the 
left end or tip of push rod 60, but the valve seat 
62-a is free to move a Sufficient distance away 
from the valve 6, in accordance with the pres 
Sure exerted, to open the return passage defined 
by the periphery of the reduced left portion of 
push rod 69 and the relatively larger passage 
extending through insert 62-a. During move 
ment of floating valve seat 62-a, axial alignment 
thereof with passage 63-a and valve 6 is main 
tained because of the journal fit of the valve Seat 
in the tip passage 63-a. Operation of the poppet 
valve 6 as a return control valve is not affected 
by the provision of the floating valve seat since 
the valve seat remains substantially stationary 
until the relief pressure level has been exceeded. 
Ordinarily, this would be considerably higher 
than the normal operating pressure level. By 
properly selecting the compression value of spring 
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82, it will be evident that the opening or relief 
level may be established at any desired level. 
Where herein the various parts of this inven 

tion have been referred to as being located in a 
right or a left position, it will be understood that 
this is done solely for the purpose of facilitating 
description and that such references relate only 
to the relative positions of the parts as shown 
in the accompanying drawings. 
While but two embodiments of this invention 

have been shown and described, it will be un 
derstood that many changes and modifications 
may be made therein without departing from the 
Spirit or scope of the invention. Also, while this 
invention has been described in conjunction with 
a double acting pump assembly, it Will be evident 
that a single acting pump assembly may also be 
constructed Within the Scope of this invention. 
What is claimed is: 
1. In a hydraulic power unit including a low 

pressure fluid reservoir, a pressure generator hav 
ing at least two opposed oppositely acting piston 
type pumps in fluid Communication with said 
reservoir, manual means movable in one plane 
and pivotal about one axis effective to cause op 
eration of Said generator to deliver pressure fluid 
from said reservoir to a pressure actuated device 
and including camming means common to and 
Serving to actuate Said Oppositely acting piston 
type pumps When said manual means is pivoted 
about the axis, said manual means being movable 

5 in a Second plane lying substantially at right 
angles to Said first plane, and means in fluid 
communication. With said pressure actuated de 
vice and Said low preSSure reservoir effective in 
response to movement of Said manual means in 
said Second plane to effect return flow of fluid 
from Said device to Said reservoir, said last-men 
tioned means being disposed coaxially with said 
axS. 

2. In a hydraulic power unit including a low 
pressure liquid reservoir, at least two opposed op 
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positely acting reciprocable piston type liquid 
pressure generators in liquid communication. With 
said reservoir adapted to deliver liquid from Said 
reservoir to a pressure responsive motor, a pres 
Sure return flow control valve assembly in liquid 
communication with said pressure responsive 
anotor and With said reservoir, and a single, man 
ually operable means having a first pivotal move 
ment about a first axis effective to operate Said 
pressure generators to cause the generation and 
delivery of pressure liquid from said reservoir to 
said pressure responsive motor and having a Sec 
ond planar movement effective to operate Said 
return flow control valve assembly for causing 
the return flow of liquid from said motor through 
said assenbly to said reservoir, said return flow 
contro valve assembly being disposed coaxially 
With said first-linentioned axis. 

3. In a hydraulic power unit including a low 
pressure fluid reservoir, a pressure generator hav 
ing a pair of opposed oppositely acting piston 
type pumps in communication. With Said reservoir, 
manual means movable through a first range of 
movement and pivotally connected to rotate about 
a first axis effective to cause operation of said 
generator to deliver pressure fiuid from said reser 
voir to a fluid pressure actuated device and in 
cluding a can conmon to both piston type pumps, 
a combined release and relief valve associated 
with said pressure generator, said valve being 
in fluid communication with said motor and Said 
reservoir, said valve including a plunger effective 
to cause said valve to operate alternately as a 
release or a relief valve and disposed for move 
ment, coaxially with the axis of rotation of Said 
manual means, said manual means being now 
able through a second range effective to cauSe Said 
plunger to move axially along the axis of rotation 
of said manual means to open said valve to permit 
return flow of fluid from said motor through Said 
valve to said reservoir, said valve being arranged 
to open in response to return pressure exceeding a 
predetermined value to cause said fluid to return 
to said reservoir through said valve, the latter 
being effected by control of said plunger. 

4. In a hydraulic power unit including a low 
pressure liquid reservoir, a pair of opposed Cp 
positely acting reciprocable piston type liquid 
generators in liquid communication with said 
reservoir and adapted to deliver liquid to a pres 
sure responsive device, a pressure return fioW con 
trol valve assembly in liquid communication with 
said pressure responsive device and with Said 
reservoir, said valve assembly comprising a mov 
able valve, seat, valve means cooperable with Said 
seat, resilient means associated with Said valve 
means for normally urging said valve means to 
ward said seat, resilient means associated with 
said seat for normally urging Said Seat towards 
said valve means, and manually operable means 
including camming means disposed between Said 
oppositely acting pistons and common to both, 
said manually operable means being mounted for 
pivotal movement about a first axis and having a 
first movement, effective to operate said pressure 
generators to cause delivery of pressure liquid 
fron said reservoir to said preSSure responsive de 
vice and having a second planar movement at 
Substantially right angles to Said first movement 
effective to unseat said valve means to cause pres 
sure from said pressure responsive device to re 
turn to said reservoir through said valve a SSern 
bly, said manually Operable means further in 
cluding a plunger mounted coaxially with said 
first-mentioned axis and in response to Said Sec 
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8 
ond planar movement of said manual means, Said 
valve seat being movable away from Said valve 
means independently thereof in response to pres 
sure from said pressure responsive device acting 
against said seat and exceeding a predetermined 
value to cause said pressure to return to Said 
reservoir through said valve assembly, the latter 
being accomplished by said axially disposed 
plunger. 

5. In a hydraulic power unit, a low pressure 
liquid reservoir, a reciprocable piston type pres 
sure generator in liquid communication. With 
said reservoir and adapted to deliver liquid to a 
pressure responsive device, means for actuating 
said generator, said means including a manually 
operable means mounted for rotation about a first 
axis, a valve assembly in liquid communication 
with Said reservoir and located On the di Scharge 
side of said generator, said valve assembly being 
disposed coaxially with the axis of said manually 
operable means and including means defining a 
valve chamber, an annular floating valve seat 
journalled in said chamber, stop means for limitri 
ing movement of said valve seat in one direction, 
resilient means for urging Said valve Seat towards 
said stop means, and a valve arranged to Seat on 
said valve seat when Said valve seat is positioned 
against Said Stop means, and means associated 
With Said pressure generator actuating means 
and mounted coaxially with Said first-mentioned 
axis for Inoving Said waive Off said valve seat to 
cause pressure from the discharge side of said 
generator to return to Said reservoir through Said 
valve assembly. 

6. A hydraulic power unit in accordance with 
claim 5 wherein Said pressure generator actuat 
ing means comprises manual means movable in 
one plane effective to cause operation of said gen 
erators to deliver pressure liquid to said pressure 
responsive device, Said manually actuated means 
being innovable in a Second plane lying substan 
tially at right angles to said first plane to effect 
return flow of liquid from said device by unseat 
ing Said valve from said movable waive seat. 

. In a pressure generator comprising a low 
pressure reservoir, a pair of pump cylinders, pis 
tons in Said cylinders, said cylinders and pistons 
being arranged to define oppositely acting pumps 
in Communication. With Said reservoir, a camming 
means, a shaft, said camming means being dis 
posed on Said Shaft intermediate said oppositely 
acting pistons; a hand lever connected to said 
shaft for actuating the same thus effective to op 
erate Said pistons, Said hand lever being pivotally 
imovable in one direction to accomplish genera 
tion of pressure by Said piston pumps, a return 
flow control valve assembly in communication 
With the discharge side of Said pumps on one side 
and with the low pressure reservoir on the other 
Side, said valve assembly being mounted coaxially 
With said shaft and comprising a movable valve 
seat, valve means cooperable with said seat, re 
Silient means associated with said valve means 
for normally urging Said valve means towards 
Said seat, resilient means associated with said seat, 
for normally urging Said Seat towards said valve 
means, a plunger mounted coaxially with said 
Shaft and reciprocable therethrough, said plunger 
effective to cause said valve means to move away 
from Said seat to cause pressure generated by 
Said pumps to return to said reservoir through 
Said valve assembly, said movement being ac 
complished either by movement of said plunger 
through movement of said hand lever in a second 
pivotal direction or by movement of said movable 
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valve seat to a position where said plunger effects 
unseating of Said valve, said movement of said 
valve seat being accomplished by return flow 
preSSure. 
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