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(C. 60-52) 8 Clains. 

The present invention relates to a power 
unit and more particularly to a self-contained 
pump and hydraulic motor unit constructed and 
arranged to prevent manual operation of the 
motor in at least one direction while the pump 
is idle. 

It is an object of the present invention to pro 
wide a power unit comprising a self-contained 
reversible pump, a hydraulic motor Such as a 
piston and cylinder device, fluid passage Con 
necting the pump and motor, and One or more 
check valves disposed in the form of paSSages 
designed to prevent reverse flow of fluid under 
forces applied directly to the motor while the 
pump is idle. 
More specifically, it is an object of the present 

invention to provide a hydraulic motor and a 
fluid supply system therefor, including a check 
valve preventing operation of the motor in at 
least one direction by forces applied directly to 
the motor while the pump is idle, in combination 
with means responsive to pressures developed in 
the system for holding the check valve open dur 
ing operation of the pump. 

It is a further object of the present invention 
to provide a power unit including a piston and 
cylinder device requiring a differential flow of 
fluid to and from the device in combination with 
a reservoir for accommodating excess fluid dis 
charged from the cylinder during operation in 
one direction, and Supplying the fluid to the 
system upon operation of the device in the other 
direction, in combination with means establish 
ing a hydraulic lock to prevent manual move 
ment of the piston in at least one direction while 
the motor is idle. 
Other objects and features of the invention 

will become apparent as the description proceeds, 
especially when taken in conjunction with the 
accompanying drawings, wherein: 

Figure is a longitudinal vertical Section 
through the power unit. 

Figure 2 is a bottom plan view of the unit 
shown in Figure 1. 

Figure 3 is a more or less diagrammatic sec 
tional view showing the essential fluid passages 
and valves for the unit shown in Figure 1. 

Figure 4 is a longitudinal section through a 
pressure relief valve, permitting escape of fluid 
under excessive pressure from the cylinder. 

Figure 5 is a vertical longitudinal section 
through a modified form of the unit, 

Figure 6 is a bottom plan view of the unit shown 
in Figure 5. 

Figure 7 is a more or less diagrammatic sec 
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2 
tional view showing the essential fluid paSSages 
and valves for the unit shown in Figure 5. 

Referring now to Figures 1-3 the power unit 
comprises a base or body 0 in the form of a 
casting, having a motor seat recess 2, a pump 
chamber 4, a cylinder seat 6, and a cavity 8. 
The cavity 3 is adapted to be closed by a cover 
20 which is herein illustrated as of inverted Cup 
shape, the cavity 8 and the cover 20 together 
constituting a fluid reservoir 22. Mounting ears 
23 are provided on the body in alignment with 
the axis of the cylinder seat 6. 

Located within the pump chamber 4 is a re 
versible rotary pump 24 of any suitable type. 
Conveniently, the pump may be of the type com 
prising a small externally toothed pinion 26 and 
an internally toothed gear 28 having one more 
tooth than is provided on the pinion 26. Pumps 
of this type are well known and accordingly, the 
pump is not illustrated in detail. However, pref 
erably, Sufficient clearance is provided between 
the rotating elements of the pump and the re 
movable end closure plate 29 so that a restricted 
but Substantial bypass flow of fluid may take 
place through the pump when the pump is idle. 
The pinion 26 is operatively connected to the 
Shaft 3 of a reversible electric motor 32. 
Mounted in overlying relation with respect to 

the cylinder seat 6 is a cylinder 34 having a 
pistOn 36 Slidable therein. The lower end of the 
cylinder 34 is closed by the cylinder seat 6 and 
at its upper end it is provided with an end closure 
38 having an opening therethrough for receiving 
the piston rod 40. 
Inasmuch as the piston rod 40 occupies only 

the portion of the cylinder at one side of the pis 
ton 36, movement of the piston 36 in the cylin 
der results in a differential flow of fluid. Thus, 
when the piston is moved upwardly from the posi 
tion shown in Figure 1, less fiuid will be expelled 
from the upper end of the cylinder than is in 
troduced into its lower end. Conversely, with 
the piston moving downwardly, more fluid is ex 
pelled from the lower end of the cylinder than is 
introduced into the upper end thereof. 
The body 0, as best seen in Figure 2, is pro 

vided with a pair of arcuate pump ports 42 and 
44 which will operate as inlet and outlet ports 
dependent upon direction of rotation of the pump 
24. The port 42 is connected to a longitudinal 
drilled fluid passage 46 which is closed at its end 
by a removable plug 48. In position beneath the 
cylinder 34, the passage 46 is provided with a 
transverse connecting passage 50 which extends 
into an enlarged chamber 52 in which is located 
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a check valve 54 biased toward a valve seat 56 
by a light compression spring 58. The outer end 
of the chamber 52 is closed by a removable plug 
60. The chamber 52 connects to a vertically ex 
tending drilled passage 62 (Figure 1) which con 
municates directly with the interior of the cyl 
inder 34. A pressure relief valve indicated gen 
erally at 66, is provided which affords controlled 
communication between the interior of the cyl 
inder 34 and the passage 46. The pressure relief 
valve is shown in detail in Figure 4. 
As seen in this figure, the pressure relief Valve 

is constituted by a passage 67 communicating 
with the passage 46 connected to an enlarged 
chamber 68 formed in the body to receive a 
screw 72 having a longitudinal passage 74 there 
through. The bottom of the passage 74 is tapered 
to provide a valve seat 76 and associated with 
the valve seat 6 is a valve 78 preferably in the 
form of a ball, biased toward closed position by 
a relatively, strong, compression spring 85. The 
purpose of the pressure relief valve is to permit 
escape of fluid trapped in the cylinder by the 
operation of the locking means presently to be de 
Scribed, in the event of thermal expansion of the 
fluid. Accordingly, the spring 8 is selected to 
prevent opening of the valve 8 until undesirably 
high pressures are built up in the cylinder. 
The port 44 is in communication with a longi 

tudinally extending drilled passage 32 which at 
its outer end is connected to a fitting 84 carry 
ing a metal conduit.86 having a second fitting 88 
at its upper end communicating with the interior 
of the cylinder 34 through the end closure 38. 
A transverse passage, indicated generally at 90 

(See Fig. 3), is provided across the body ?o in 
terSecting the passages 82 and A6, and in align 
ment with the passage 58 and enlarged cham 
ber 52. The transverse passage 90 includes an 
enlarged threaded portion 92 receiving a threaded 
member 94 provided with transverse openings 96 
therethrough. The member 94 is provided with 
a longitudinally extending passage 98 which com 
municates with the openings 96 and at its inner 
end is provided with a tapered valve seat OO. In 
Wardly of the threaded portion 92 thereof, the 
paSSage 90 includes an elongated chamber O2 
of cylindrical cross-section in which is movably 
mounted a ball valve 04 which operates as a 
control valve for the check valve 54. The ball 
valve 04 is dimensioned to have a very close fit 
With the inner wall of the chamber 02 and has a 
piston-like longitudinal movement in the cham 
ber, in response to reversal of pressure upon Op 
posite sides of the ball valve. Beyond the ball 
Valve the chamber f02 is reduced to provide a 
Conical valve seat e6 and is provided with a 
passage .08 in which is received a pin adapted 
to engage control valve 4 and check valve 54. 
The pin is of such cross-section as to permit 
flow of fluid from the passage 46 to the cham 
ber 02 So that the adjacent end of the control 
valve 04 is at all times subjected to the fluid 
preSSure prevailing in passage A.S. 
Another transverse passage, indicated general 

ly at 2, is provided, this passage having a re 
duced intermediate portion 4 communicating 
With a passage 6 leading to the interior of the 
reservoir 22. Outwardly of its intermediate re 
duced portion 4, the transverse passage 2 has 
longitudinally extending enlarged chambers 8 
and 20 which communicate with the paSSageS 
46 and 82 respectively. The junctions between 
the enlarged chambers 8 and 20 and the re 
duced intermediate portion 4 are tapered to 
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the valve seat 22. 

4. 
provide conical valve seats 22 and 24 respec 
tively. Located in the chambers if 8 and 20 are 
ball valves 2S and 28 respectively. Intermedi 
ate the ball valves is a rigid pin preferably of 
triangular cross-section and of Such length that 
it prevents simultaneous seating of the valves 
26 and 28. 
With the Structure thus far described the op 

eration may be considered under four different 
operating conditions. 

For the first condition it is assumed that the 
motor 32 is operating in such direction that the 
passage 46 is the Supply passage, so that fluid 
under pressure is: discharged into the passage 46. 
Establishment of pressure in the passage 46 op 
erates On the valve 26 and forces it down against 

MOvement Of the valve 25 
is transmitted to the pin 39 with the result that 
the valve 28 is maintained off its seat 24. Fluid 
under pressure in the passage 46 flows to the 
check valve 54. The valve 54 is retained on its 
Seat Only by the very iight compression Spring 
58 and the preSSure built up in the pump is suffi 
cient to force check valve 54 off its seat permit 
ting flow of fluid past the valve and upwardly 
through the paSSage 62 into the bottom of the 
cylinder. This results in upward movement of 
the piston and fluid is accordingly discharged 
from the upper end of the cylinder through the 
conduit 86 and thence returned to the passage 
82. Return of this fluid past the threaded mem 
ber 94 is permitted by the transverse openings 
96 therein. However, the quantity of fluid dis 
challeged from the upper end of the cylinder and 
returned to the paSSage 82 is less than the quan 
tity of fluid flowing into the bottom of the cyl 
inder through the passage 46. Accordingly, ex 
ceSS fluid must be Supplied to the circulating sys 
ten and this is the purpose of the reservoir 22. 
Fluid from the reservoir 22 flows out of the trans 
Verse passage 2 past the valve 28 and sup 
plies the excess fluid required by the pump dur 
ing this phase of the operation. During this op 
eration pressure in the passage 46 operates 
against the upper Side of the ball valve 4 (as 
Seen in Figure 3) with the result that the ball 
Valve 04 is forced against the valve seat (0, 
thus preventing bypass of fluid through the 
transverse passage 90. 
For the Second condition, it is assumed that the 

motor is operating in such a direction that the 
passage 82 is the Supply passage and accordingly, 
fluid under pressure is forced into the passage 
82. Fluid under pressure in the passage 82 op 
erates On the ball valve 28 and forces it in 
Wardly against its seat 24 thus preventing flow 
of fluid into the reservoir. Fluid in the passage 
82 passes through openings or ports 96 in the 
threaded member 94 and thence through the 
fitting 84, conduit 86, and fitting 88 into the 
upper end of the cylinder 34. Downward move 
inent of the piston in the cylinder tends to force 
fluid down through the passage 62. At this time 
if the check valve 54 were permitted to close, op 
elation of the unit would be prevented. How 
ever, fluid under pressure in the passage 82 op 
erates on the underside (as seen in Figure 3) of 
the control valve 64, thereby forcing the valve 
upwardly against the pin f () and positively 
maintaining the valve 54 in open position. More 
over, due to the elongated nature of the cham 
ber 02 and the piston-like movement of the con 
trol valve 64 therein, substantial movement may 
be imparted so that the check valve 54 is retained 
in Wide open position. Fluid therefore flows out 
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of the lower end of the cylinder 34 past the check 
valve 54 and through the passage 46 to the pump. 
However, a larger quantity of fluid is discharged 
from the lower end of the cylinder than is ad 
initted to the upper end thereof. Accordingly, 
proVision inst be made for removing this ex 
CeSS fuid from the circulating System and again, 
this is a complished by the reservoir 22. Inas 
much as the ball valve 23 is retained on its seat 
$24 by the operating pressure of the pump, the 
valve 25 is mechanically retained off its seat 22 
by the rigid pin 39. Accordingly, the excess 
fluid developed in the System due to the diffe'. 
ential displacement in the cylinder, idows past 
the valve 26 and into the reservoir 22 through 
the paSSage 6. 

For the third operating condition it is assumed 
that a mechanical force is applied to the piston 
35 or the piston rod 4, in a direction tending to 
cause the piston rod to move upwardly. The first 
effect of this force Will be to tend to cause fluid 
to flow out of the top of the cylinder and thence 
into the passage 82. At the same time pressure 
Will be reduced in the passage 86. Fluid flowing 
under a pressure dependent upon the force ex 
erted on the piston 36 flows into the passage 82 
and through the transverse openings 96 in the 
threaded member 94. The pressure established 
in the passage 82 will normally close valve 28. 
Showever, as before noted, a restricted bypass flow 
of fluid through the pump is permitted when the 
pump is idle. Accordingly, a restricted fioW of 
fiuid will take place through the pump from the 
passage 82 to the passage 46. Since the ball valve 
29 is retained closed by the pressure in the pas 

Sage 82, the ball valve 26 is necessarily open. 
Since upward movement of the piston 36 dis 
charges eSS fiuid from the upper end of the cyl 
inder than is drawn into the lower end of the 
Cylinder, upward movement of the piston un 
der the circumstances under consideration will 
withdraw excess fluid from the reservoir 22. The 
preSSure of the spring 58 is negligible and fluid is 
drawn into the lower end of the cylinder by up 
573."g novelinent of the piston therein. Accord 
ingly, a slow upWard inanual movement of the 
piston 33 is permitted. 

For the fourth condition it is assurned that a 
force is applied to the piston 36 tending to move 
the same downwardly in the cylinder 34. Under 
these conditions downward movement of the 
pistoi is positively prevented by the check waive 
S3 which is normally retained on its seat 56 by 
the light compression spring 58. Accordingly, 
the piston cannot be moved downwardly in the 
Cylinder by forces applied directly thereto, while 
the purp 23 is idie. 

it WaS previously pointed out that control ball 
valve 4 is of larger diameter than check ball 
valve 53. This is for the purpose of insuring 
(OSitive opening of the check valve 54 when fili 
is admitted under pressure into passage 82 to 
Ilove the piston downwardly. The system is 
characterized by the fact that it is completely 
filed with fluid at all times and it is therefore 
poSSible upon completion of upward movement 
of the cylinder under power to trap the operat 
ing pressure in the cylinder so that the fuid be 
tween the piston and the check Valve 4 is under 
operating pressure, which may be 150 pounds for 
example. Therefore, in Order to unseat the check 
valve 5A by pressure applied to the control valve 

it, a force Sufficient to overcome this trapped 
operating pressure must be applied. This is ac 
complished by making the valve 04 substan 
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6 
tially larger than the valve 54. It will be ob 
Served that since the valve is is designed for 
piston-like movement in the cylindrical chamber 
192, operating pressure in passage 82 is effective 
over an area equal to the cross-sectional area of 
the ball Valve f3. In practice, it is improbable 
that full operating pressure can be trapped in 
the cylinder between the piston and the check. 
Valve 54. However, Substantial pressure will nor 
mally be trapped in this part of the system and 
this preSSure in many cases Will be increased by 
thermal expansion of the fluid due to changes 
in ambient temperature. Thus, the problem is a 
Serious One and the provision of a relatively large 
control ball valve 3 is necessary. 

In practice, the control ball valve f34 is propor 
tioned relative to the check valve 54 so that it can 
overcome trapped pressures built up between the 
piston and check Valve up to the setting of the 
preSSure relief Valve 78. Thus, in the event that 
thermal expansion of the fluid takes place to a 
degree which opens the pressure relief valve 8, 
a maximum preSSure is present in the Space oe 
tween the piston and the check valve, and the 
COntrol valve 4 is of Such size that, when the 
pump is rotated in a reverse direction to move 
the piston 38 downwardly, the force available on 
the control valve 4 will be sufficient to open 
the check valve 56. 
From the foregoing it will be observed that the 

power unit may be operated freely to move the 
piston up or down in the cylinder by reverse rota 
tion of the notor 32. Moreover, with the motor 
and puripidle, the piston may be noved upward 
ly in the cylinder at a slow controlled rate de 
pendent upon the capacity of the bypass through 
the pump. However, a positive fluid lock pre 
Wents doWaWard movement of the piston by forces 
applied directly thereto when the pump is idle 
until pressure is developed sufficient to open relief 
Valve 66. It Will be appreciated that this arrange 
ment is highly useful where the piston is connect 
ed to a window of a motor Vehicle for example. 
in such case the window may be raised or lowered 
by power as desired. However, the window may 
not be opened by forces applied directly thereto, 
the positive fluid lock described preventing such 
motion. On the other hand, if the Window is 
open and it is desired to close the same, this may 
be accomplished manually So that the Window 
may be closed even though power failure or other 
cause prevents mechanical operation. 

For other applications of the power unit, it may 
be desirable to prevent movement of the piston in 
either direction by the application of direct ine 
chanical forces thereto While the pump is ide. 
By way of example, such an application would 
be in the use of the power unit as means for shift 
ing an adjustable front seat of a motor vehicle 
back and forth. Operation of the power unit in 
the usual manner Will move the Seat forwardly 
or reversely under the control of the operator. 
However, when the pump is idle the piston is 
positively locked in its adjusted position and 
forces applied thereto under normal driving con 
ditions will not iesult in movement of the seat 
from its desired adjusted position. Structure to 
accomplish this last result is illustrated in Fig 
ures 5-7. 

Referring now to these last mentioned figures, 
the unit is substantially the same as that previ 
ously described with the exception of the provi 
sion of an additional Set of check, control, and 
relief valves which necessitate a slight change in 
the shape of the casting. 
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The structure comprises a base or body 50 
provided With a cylindrical recessed motor seat 
52 and a cylindrical pump recess 54 adapted to 
be closed to provide a cylindrical pump chamber 
by a removable cover plate 56. A rotary pump 
58 is provided which is connected to the drive 

shaft f60 of the motor 62. At the opposite end 
of the body 50 is a cylindrical cylinder seat, 84 
On which the power cylinder 66 is mounted. The 
cylinder Seat f64 and the adjacent portion of the 
body 50 constitute a bottom end closure for the 
cylinder 66. The upper end of the cylinder is 
closed by a cap f 68. 

Located within the body 50 is a cavity i? 
closed by an inverted cup-like closure 72, the 
cavity TO and the closure 12 together providing 
a fluid reservoir f4. 
At the opposite side of the body 59 from the 

cylinder seat 54 and in axial alignraent there 
With are a pair of mounting ears 75 by means 
of Which the entire unit is adapted to be mounted 
for rocking movement during use. 

in communication. With one side of the pump 
recess 54 is a port 6 which communicates with 
an elongated passage 78 provided at its outer 
end with a closure plug 80. Beneath the cylin 
der 66 the passage 78 is provided with a pres 
Sure relief valve 8 which may be in all respects 
identical with the pressure relief valve 65 illus 
trated in detail in Figure 4. Extending trans 
Versely from the passage 18 is a Second passage 
82 which communicates with an enlarged cham 
ber 84 in which a check valve SS is provided. 
The Outer end of the chamber 84 is closed by 
a removable cap 88 Which is recessed at its inner 
end to receive a light compression Spring 80. A 
valve seat 92 is provided at the junction between 
the passage 82 and the charinber 85 on which 
the check valve 86 seats and against which it is 
retained by light spring pressure in the absence 
of fluid pressure in the System. A vertical pas 
sage 94 (best seen in Figure 5) connects the 
chainber 84 with the interior of the cylinder 3S. 
In alignment with the transverse passage 82 

and chamber 84 is a transverse paSSage indir 
cated generally at 96 which includes a, threaded 
portion 98 adapted to receive a plug or threaded 
member 200 having transverse through passages 
282 and a longitudinal bore 284 opening into the 
inner end of the member 29. I he inner end of 
the member 20) is beveled as indicated at 266 to 
provide a seat for a control ball valve 228 located 
in an elongated cylindrical chamber 2 . The 
ball valve 288 has very slight clearance with re 
spect to the cylindrical chamber 26 and is now 
able therein in piston-like fashion. Opposite the 
valve seat 206, the chamber 20 is reduced to 
provide a conical valve seat 2 i2 and beyond the 
valve seat 22 the transverse passage 96 is fur 
ther reduced as indicated at 2.f4. Located Within 
the portion 2 4 of the passage is a rigid pin 2 6 
winich preferably has its body portion of trian 
gular or square cross-section to permit flow of 
fluid through the portion 24 of the transverse 
passage. Accordingly, fluid under the pressure 
existing in the passage 8 is available against 
the upper side (as seen in Figure 7) of the ball 
valve 208. 
From the structure thus far described it Will 

be apparent that when the pump is operating in 
a direction to supply fluid under preSSure to the 
passage 78, this fluid moves control valve 208 
onto its valve seat 206 and the fluid flows past 
check valve 86 and through the passage 94 into 
the underside of the cylinder. 
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8 
The body f50 is also provided with a second 

port 220 Communicating with a second longitudi 
nally extending passage 222, the outer end of 
which is closed by a removable plug 224. Com 
municating with the passage 222 adjacent the 
end thereof closed by the plug 224, is a trans 
verse passage 226 connected with an enlarged 
Valve chamber 228 so as to provide a conical 
Valve seat 230. The Outer end of the chamber 
228 is closed by a removable plug 232 recessed 
aS indicated at 234 to provide a seat for a light 
COmpreSSion Spring 236. Located within the 
chamber 228 is a check valve 238 normally re 
tained against the valve seat 230 by the spring 
23. 
In alignment With the passage 226 and chamber 

228 is another transverse passage indicated gen 
erally by the numeral 240 which includes an 
enlarged threaded portion 242 adapted to be 
closed by a removable plug 244 identical with 
the plug 200 previously described and provided 
With transverse passages 246 and an axial pas 
Sage 248 opening into the inner end of the plug. 
The end of the plug 244 is tapered to provide a 
conical valve seat 25). Inwardly of the thread 
ed polition 2:2, the transverse passage 240 in 
cludes an elongated cylindrical chamber 252 ter 
minating at the end thereof opposite to the plug 
248 in a conical valve seat 254. Beyond the 
valve seat 254 the transverse passage 240 in 
cludes a reduced portion 256. 

Located within the cylindrical chamber 252 is 
a control ball valve 258 adapted to seat, against 
valve seats 250 or 254 depending upon the differ 
ential pressure existing in passages 78 and 222. 
Tocated intermediate the control valve 258 and 
the check valve 238 is a rigid element herein 
disclosed as a pin 260, the portion of the pin 
occupying the reduced portion 256 of the trans 
verse passage being of triangular or non-circular 
cross-section to permit free flow of fluid through 
the portion 256 of the passage. As a result of 
this construction the underside of the control 
ball valve 258 (as seen in Figure 7) is subjected 
at all times to the fluid pressure existing in the 
passage 222. 

Extending upwardly from the chamber 223 in 
which the check valve 238 is located, is a passage 
262 which communicates with a fitting 284 con 
nected to a metal conduit 266 carrying at its 
upper end a second fitting 268 extending through 
the closure 68 and affording communication 
with the interior of the cylinder 66 above the 
piston 270 therein. The piston 270 is connected 
to a piston rod 27 which extends from one side 
only thereof and through an appropriate sealed 
opening in the closure 68. 

Extending outwardly from the chamber 228 is 
a passage 272 which communicates with an en 
larged check valve chamber 24 provided With a 
valve seat 276. Located within the chamber 274 
is a check valve 28, normally retained on the 
valve seat 276 by the light pressure of the com 
pression spring 289. The chamber 2:4 is closed 
by a removable cap 282 recessed at its inner end 
to provide a spring seat for the Spring 280. 
Another transverse passage 284 is provided 

which extends through the chamber 24 and 
connects the chamber with the extreme end of 
the passage 222. The outer end of the passage 
284 is closed by a renovable plug 286. 
Means are provided for selectively connecting 

the reservoir i74 to the passages 78 and 222 
and this means comprises a tranSWel'Se paSSage 
29 having a vertically extending connecting 
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passage 292 which is shown in Figure 5 as con 
nected to a short pipe or conduit 294 having its 
upper open end located generally midway be 
tween the top and bottom of the reservoir is. 
The passage 29 adjacent its ends is laterally 
enlarged to provide valve chambers 296 and 298 
including valve Seats 3 and 32 at their inne" 
ends. Bail valves 34 and 38 are located 1'e- 
Spectively in the chambers 296 and 298. Inter 
nediate the ball valves 38 and 36 is a rigid 
pin 308 of such length as to prevent simultaneous 
closure of both valves 3A and .305. The Outer 
ends of transverse passage 298 are closed by re 
novable caps 3 and 32 which also constitute 
abutments limiting movement of the valves 333 
and 38 respectively away from their valve Seats. 
The operation of the unit just described Will 

be considered under four different operating Con 
ditions: 

First condition, 

Assume that the pump. 58 is rotated in Such 
direction as to feed fuid under preSSUre into the 
passage i3. This fluid acts on the ball valve 
394 and forces it against its seat 338. The fluid 
continues to flow to the check valve 86, forcing 
the check valve off its seat With the result that 
fluid flows past the check Valve and upWardly 
through passage 94 into the cylinder 66 below 
the piston 28 thereof. The fluid under pressure 
in the passage 8 acts against the control valve 
28 and forces it against valve seat 285, thereby 
preventing a bypass flow of fluid around the 
cylinder. In addition, fluid under pressure in the 
passage 8 flows through the openings 246 in 
the plug 2& 3 and operates against the control 
valve 258 forcing it against valve seat 256. 

Accordingly, all fluid discharged from the pump 
is forced into the underside of the cylinder 66. 
Moreover, it will be observed that movement of 
the control valve 258 against its valve Seat 25 
forces check valve 238 away from its Seat 23. 
Accordingly, fiuid discharged from the upper end 
of the cylinder 66 flows through the external 
conduit 268, the passage 282, into the chamber 
228, and thence past the check valve 238 into 
passage 222 and thence back to the intake Side 
of the pump. 
Due to the fact that the piston rod 2" is 

located in the cylinder 66 at one side only of 
the piston. 23, it is apparent that a differential 
flow of fluid from and to the cylinder results as 
the piston 2) is moved. Under the conditions 
assumed, in which the piston is moving upwardly, 
more fluid flows through the passage 8 into 
the bottom of the cylinder 68 than flows out 
of the top of the cylinder. This differential fioW 
is permitted by the reservoir 74. ince the 
valve 384 is retained on its seat 38 by operating 
pressure in the passage 78, ball valve 388 is 
retained off its seat 382 by the pin 338. Accord 
ingly, the passage 222 is in communication. With 
the reservoir 4 via passages. 290 and 292, and 
the excess fluid required by the pump to force 
the piston 27 upwardly is withdrawn from the 
reservoir. 

Second condition 

Assume that the pump 58 is rotated in a di 
rection to discharge fluid under pressure into the 
conduit 222. At this time the fluid under pres 
sure initially closes valve 395 against its valve 
seat 32 and at the same time movement of the 
valve 36 operates through the pin 308 to open 
the valve 304. 
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Fluid under pressure in the passage 222 flows 

through the transverse opening 262 in the plug 
200 and also through the passage. 204 in the plug 
to operate against the control. ball valve 208, 
moving the valve upwardly (as seen in Figure 7) 
against its seat 2 f2, thus opening check valve 
86 against the action of the light Spring 90. 
The fluid under pressure in the passage 222 

flows to the transverse passage 226 and lifts check 
valve 238 from its seat 230, thus permitting flow 
of fluid into the chamber 228 and thence through 
the passage 262 and conduit 266 into the upper 
end of the cylinder 66. At the same time the 
fluid under pressure passes through the passage 
256 and operates against control valve 258 mov 
ing it against its seat 250. Fluid under operating 
pressure also acts through paSSage 22 against 
relief valve 28 but this valve is retained closed 
by the strong relief spring 280 so that flow of 
fluid through this passage is prevented. Accord 
ingly, all fluid delivered by the pump is prevented 
by the several valves mentioned from bypassing 
the cylinder. and the entire flow of fluid is thus 
directed into the upper end of the cylinder 66. 
The resulting downward movement of the 

piston 29 displaces a greater quantity of fluid 
from beneath the piston than flows into the up 
per end thereof. This flow of fluid from the 
cylinder flows around check valve 86 which is 
retained open at this time by Operating preSSure 
applied to control valve 208. However, the flow 
of fluid into the paSSage 8 is more than can be 
accommodated by the pump. The excess flow of 
fluid into the passage 78 flows into the reser 
voir 4 past the valve 394 which is retained off 
its seat at this time by the closure of valve 308 
under operating pressure in passage 222. 

Third condition. 
Assume that pressure is applied directly to 

the piston 27 or piston rod 27 in a direction 
tending to move the piston downwardly in the 
cylinder 66, while pump. 58 is idle. This results 
in establishing increased pressure below the 
piston and fluid tends to escape past check valve 
86. The check valve 86 however, is retained. On 

its seat by the relatively light compression Spring 
39 and accordingly, escape of fluid from the 
cylinder is positively prevented. This provides a 
rigid hydraulic lock which prevents movement 
of the piston in the cylinder by the application 
of external force thereto while the pump is in 
operative. 

Fourth condition. 
Assume that pressure is applied to the piston 

27 or piston rod 27 in a direction tending to 
raise the piston in the cylinder 66, While the 
pump is idle. Under these conditions pressure is 
established in the fluid above the piston and 
causes the fluid to tend to escape through fitting 
268, conduit 266, fitting 264, passage 262, to the 
chamber 228. However, return of fluid from the 
chamber directly to passage 222 is prevented by 
check valve 238 which is retained on its seat. 238 
by the action of compression Spring 238. At 
the same time, pressure relief valve 28 is re 
tained in closed position by the relatively strong 
relief spring 280. As a result, upward movement 
of the piston is positively blocked by a hydraulic 
lock. 

As in the previously described power unit, the 
control valves 208 and 258 are of Substantially 
larger size than check valves: 86 and 238 re 
respectively. This is for the purpose of insuring 
that upon reversal of direction of Operation of 
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the piston under power Sufficient force will be 
available to lift the check valves 86 and 238 
from their respective seats. This is necessary 
due to the fact that termination of an operation 
may result in trapping fiuid at either side of the 
piston and between the piston and the associated 
check valve under full operating pressure. Miore 
over, even though the pressure existing in the 
cylinder may be substantially less than operating 
pressure when movement of the piston under 
power is terminated, nevertheless the fluid will 
be trapped and pressures may increase very Sub 
stantially due to thermal expansion or the like. 
The pressure relief valves 278 and 8 prevent 

building up of dangerous pressures within the 
cylinder by expansion of trapped fuid. Nor 
mally, the relief valves will be set to operate at 
Such a pressure that forces developed by oper 
ating pressure on the control valves 298 or 253 
will be sufficient to lift check valves 86 and 238 
from their seats against the maximum preSSure 
permitted by the setting of the relief valves. 
In both of the power units illustrated and de 

scribed it will be noted that the control valves 
are constantly subjected at opposite Sides thereto 
to presssures existing in the fluid passages con 
nected to opposite sides of the pump. Accord 
ingly, the control valves are responsive to pres 
sure differentials existing in Such passages and 
in general, at all times operate to keep the check 
valve controlling flow of fluid from the cylindel' 
to the return passage to the pump in open posi 
tion whenever the pump is being driven. 
While all of the valves, and particularly the 

operating valves in the power unit, are illustlated 
as being in the form of balls, it will of course be 
appreciated that the valves may be of different 
shapes so long as their functions are preserved. 
In the case of operating valves which have the 
dual functions of preventing a flow of fluid Which 
would bypass the cylinder and also to conticol the 
position of the check valves, it would be poS 
sible to substitute means quite different from the 
ball valves shown. Thus, for example, valves in 
the form of pistons of cylindrical shape could 
be employed. Alternatively, a movable dia 
phragm or a collapsible bellows could be en 
ployed which would itself constitute a Seal to 
prevent the bypass flow and which would have 
sufficient movement to retain the corresponding 
check valve open under appropriate conditions. 
While springs are shown as associated with 

each check valve, these may be omitted, particu 
larly where the unit is to be used with the trans 
verse passages horizontal. Similarly, balanced 
springs may be provided urging reservoir valves 
126, 28, and 304, 306 into their respective valve 
seats. The drawings and the foregoing Specification 
constitute a description of the improved poWer 
unit in such full, clear, concise and exact terms aS 
to enable any person skilled in the art to practice 
the invention, the scope of which is indicated by 
the appended claims. 
What I claim as my invention is: 
1. A self-contained fluid power actuator COin 

prising a driving motor, a pump disposed coaX 
ially with said driving motor, and a reversible 
hydraulic motor, all mounted on a common body, 
said body having a pair of spaced passages there 
in for connection to opposite sides of the hy 
draulic motor, a transverse passage extending 
from a first one of said passages through and 
beyond the second of said passages, the portion 
of said transverse passage beyond said second 
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passage being enlarged to form a check valve 
chamber, a fluid connection beyond said check 
valve for connection to one end of the motor, an 
elongated enlargement in Said transverse paSSage 
intermediate said pair of passages, a ball valve 
in said enlargement having piston-like movement 
therein in response to differences in pressures in 
said pair of passages, and a rigid element con 
necting said ball valve and said check valve. 

2. Structure as defined in claim 1 in which said 
enlargement has a valve seat at each end thereof 
for receiving said ball valve. 

3. Structure as defined in claim 2 in which said 
ball valve has an area, exposed to fluid pressure 
substantially greater than the exposed area of 
said check valve. 

4. A unitary hydraulic System comprising a 
driving motor, a reversible pump, and a reversible 
fluid motor mounted on a Common base member, 
said base member having a pair of fluid passages 
connecting opposite sides of said pump to oppo 
site sides of said motor, means establishing a 
restricted by-pass connecting said passages, a 
check valve disposed when in closed position to 
prevent flow of fluid from said motor to one of 
said passages, and means responsive to pump 
pressure in the other of said passages to hold 
said check valve open, whereby said pump may 
drive said motor in either direction, said check 
valve prevents movement of said motor in one 
direction by externally applied forces, and said 
motor may be moved in the Opposite direction at 
a rate determined by by-pass flow of fluid by 
externally applied forces. 

5. A system as defined in claim 4 in which said 
fluid motor comprises a cylinder having a piston 
therein and a piston rod extending from said 
piston through one end only of said cylinder, and 
a reservoir to compensate for unequal flow of 
fiuid into and out of said cylinder, said reservoir 
being connected between said pair of passages, 
and check valves between each of said passages 
and said reservoir arranged to prevent flow of 
fluid from the passage receiving the output of 
said pump to said reservoir. 

6. A hydraulic system comprising a revel'Sible 
pump constructed and arranged to have a leak 
age flow therethrough which is Substantially less 
than the capacity of the pump, a reversible 
motor, a pair of fluid passages connecting oppo 
site sides of Said pump to opposite sides of Said 
motor, a check valve disposed when in closed 
position to prevent flow of fluid from said motor 
to one of said passages, and means responsive to 
pump pressure in the other of said passages to 
hold said check valve open, whereby said pump 
may drive Said motor in either direction, said 
check valve prevents movement of said motor in 
one direction by externally applied forces, and 
Said motor may be moved in the opposite direc 
tion at a rate determined by by-pass flow of fluid 
by externally applied forces. 

7. A hydraulic system comprising a power 
cylinder, a piston in said power cylinder, a piston 
rod connected to said piston and extending 
through one end only of Said power cylinder 
whereby movement of said piston results in un 
equal flow of fluid into and Out of Said powe!' 
cylinder, a reversible pump constructed and 
arranged to provide for a restricted flow of fluid 
therethrough When idle which flow is substan 
tially less than the capacity of the pump, a first 
passage connecting one side of the pump to the 
end of said power cylinder through which said 
piston rod extends, a second passage connecting 
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the other side of said pump to the other end of 
Said power cylinder, a check valve in said second 
passage arranged to prevent flow of fluid from 
said power cylinder to said second passage, a 
check valve actuator comprising a control cylin 
der connected to said first paSSage, a piston in 
said control cylinder, and means operated by 
movement of said last recited piston in response 
to pump pressure in said first passage to hold 
said check valve open to permit flow of fluid from 
said power cylinder, a reservoir to Compensate for 
unequal flow of fluid to and from said power 
cylinder and connected between said first and 
second passages, connected check valves between 
said reservoir and said first and second passages 
arranged to operate in response to excess pressure 
in one of said first and second passages to prevent 
flow of fluid from the passage under higher pres 
sure to said reservoir and to provide for flow of 
fluid from said reservoir to the one of said pas 
sages under lower pressure, whereby said power 
piston may be moved in either direction by said 
pump, said power piston is locked against move 
ment in one direction when said pump is idle, and 
said power piston may be moved in the other 
direction by externally applied force when said 
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spump is idle at a rate determined by the re 
stricted flow of fluid through said pump when 
Said pump is idle. 

8. A System as defined in claim 7 in which said 
control cylinder is formed by an enlargement in 
a transverse paSSage connecting said first and 
second passages, said enlargement having valve 
seats at either end, and the piston in said control 
cylinder is a ball valve arranged to seat against 
one or the other of said valve seats in accordance 
with pressure difference between fluid in said first 
and Second passages. 
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