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The present invention relates generally to con 
trol circuits for fluid-actuated motors or recipro 
cating rams. More particularly, the present in 
vention deals with an improved hydraulic circuit 
for hydraulic motors or rams of the type used to 
impart reciprocatory or oscillatory movement to 
a member or members of various types of ma 
chinery. In its more Specific aspects, the pres 
ent invention is concerned with a hydraulic con 
trol circuit for use in connection with a hydraulic 
motor or ran which is employed as an actuating 
member for the clamping arms or grapples of a 
loader or lifting machanism, although it will be 
understood that the present improved control 
circuit may be employed in connection with any 
type of reciprocating hydraulic motor wherein it 
is desirable to lock the reciprocatory member of 
the motor in a given position of extension or re 
traction with respect to the ram and prevent the 
slippage or creeping of the reciprocatory member 
after movement thereof to a said desired posi 
tion. 

In the past, fluid-a,ctuated hydraulic motors or 
rams have been employed with facility in re 
placement of various types of mechanical move 
ments in machinery, and for some time, it has 
been proposed to employ such hydraulic motors 
or rams as a means for actuating the clamping 
'or grapple members of portable lifting and ele 
.vating machines or vehicles. However, the use 
of hydraulic motors in this capacity has been 
limited due to the tendency of the reciprocatory 
member of the motor or ram to slip or creep after 
being initially actuated to a load-clamping posi 
tion, thereby allowing the load to be dropped or 
released inadvertently. 

In most instances, where hydraulic rams or 
notors are employed, the motor is under control 
of a multiple way hydraulic control valve which 
functions to direct fluid under pressure of a 
Suitable pump into the pressure area or areas of 
the motor to actuate the movable plunger of the 
motor. Also, Such control valves are usually op 
erable to create a partial lock within the fluid 
motor or ram while at the same time directing 
the pump discharge to exhaust, in order that 
free circulation of the pump is obtained when the 
movable member of the motor is maintained in 
a stationary position. 

However, in most instances, the multiple way 
control valves employed in directing fluid to the 
various pressure stages of the hydraulic motor 
do not function to provide an efficient lock with 
in the motor when conditioned to a neutral or 
pump by-passing position. Generally, such mull 
tiple way control valves embody, a movable spool 
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element which serves to alternately establish 
communication between the various ports or out 
lets of the valve and to interrupt communication 
between other of the ports of the valve. Due to 
the necessity for freedom of movement of the 
valve member of Such control valves and the 
relatively loose fit between the valve chamber 
and the movable valve member inherent to Such 
valves, it is impracticable, if not impossible, to ob 
tain an absolute lock of the hydraulic fluid with 
in an associated motor under the control of Such 
valves, depending upon the control valve alone 
as a means for establishing a lock Within the 
motor circuit. 
Accordingly, it is the primary object of the 

present invention to provide a control circuit 
for hydraulic rams or motors which functions to 
automatically create a positive lock within a 
hydraulic motor or ram when it is desired to 
maintain the plunger or reciprocatory member 
of the ram in a desired stationary position. 

It is another object of this invention to pro 
Wide an improved hydraulic control circuit for 
hydraulic rams which comprises a control valve 
operable to introduce fluid under pressure of an 
aSSociated pump into the pressure area or areas 
of a hydraulic motor in order to impart move 
ment to the piston or ram member of the motor, 
and which is operable when occupying a neutral 
position to by-pass the pump discharge directly 
'to exhaust, and wherein one or more check valves 
are interposed between the motor ports of the 
control valve and the pressure area of the motor 
to establish a positive lock within the motor when 
the aSSociated control valve occupies its neutral 
pump by-pa-SSing position, Whereby to prevent 
and preclude movement of the reciprocatory 
member of the motor after the same is initially 
actuated to a desired position. 

For a further and more detailed understand 
ing Of the present invention and the various ad 
ditional objects and advantages derived there 
from, reference is made to the following descrip 
tion and the accompanying drawing, wherein: 

Fig. 1 is a diagrammatic view of the present 
improved hydraulic control circuit, in which the 
control valve and motor are shown in vertical 
Section. 

Fig. 2 is a medial longitudinal vertical sec 
tional view taken through a pilot preSSure-op 
erated check valve employed in the present con 
trol circuit for locking the reciprocatory member 
of a hydraulic motor against slippage; and 

Fig. 3 is a horizontal sectional view taken along 
the line 3-3 of Fig. 2. 

Referring now to the drawing, the numeral 5 
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generally designates a double-acting hydraulic 
motor or ram which embodies a cylinder 6 in 
which is carried a piston having a longitudi 
nally extended plunger 8. The side of the pis 
ton 7 opposite the plunger 8 is provided with a 
relatively large flat pressure-responsive face 
Which defines With the side and end Walls Of 
the cylinder 6 a piston-advancing pressure area. 
The side of the piston 7 connected with the 
plunger 8 defines with the side and end Walls 
of the cylinder 6 a second piston-retracting 
chamber or area into which fluid may be intro 
duced to retract the plunger with respect to the 
cylinder. The cylinder 6 is provided at either 
end with inlet ports 9 for the introduction and 
release of fluid pressure to and from the Sep 
arate chambers or pressure areas of the motor. 

Fluid pressure for operating the motor 5 and 
for imparting reciprocatory movement to the 
plunger 8 is derived from a fluid displacement 
pump it of any suitable type, but which prefer 
ably comprises a constant delivery non-reversi 
ble type. The pump O is provided with an in 
take or inlet conduit which is in communica 
tion with a body of fluid contained in a reser 
voir 2. The discharge Outlet of the pump is 
connected With a conduit 3 which is connected 
With the pump inlets 4 of a spool-type control 
Valve 5 by Way of the branched conduits 6. 
The control valve 5, as shown in detail in 

Fig. 1, comprises a casing 7 which is formed 
With an internal chamber 8 and a relatively 
Smaller valve chamber 9. Slidably carried with 
in the valve chamber 9 is a spool-type valve 
member 20 having end extension shafts 2 ex 
tending through the ends of the casing 7 and 
joined with the armatures of a pair of solenoids 
22. Preferably, the rod or shaft 2 of the mov 
able valve member 20 is maintained under spring 
tension to center the valve member in its full 
line position as shown in Fig. 1. The valve mem 
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ber 20 may be actuated either to the left or 
right by selective energization of the solenoids 
22. 
In its neutral position, the valve member 20 

functions to connect the pump ports 4 with 
a relatively enlarged exhaust chamber 23 
formed in the middle of the valve chamber 9. 
The enlarged chamber or area, 23 is provided 
With an exhaust port 24 which in turn is in com 
munication. With the larger chamber 8 of the 
Valve Which has communication with a main 
exhaust port 25 extending through the Wall of 
the casing 7. Upon energization of the left 
hand Solenoid 22 of the control valve, the spool 
member 20 is shifted leftwardly to connect the 
left hand pump port 4 with a first motor port 
or outlet 26, while uncovering a second motor 
port or outlet 27 to connect the same by way 
of the right hand end of the chamber 9 with 
the larger exhaust chamber 8 of the valve. 

Simultaneously, the right hand spool of the 
member 20 covers the right hand pump port 4 
to interrupt communication between the latter 
and the enlarger exhaust area, 23. Also, the 
Valve member 20 is provided with an interme 
diate Spool which moves leftwardly into the 
Smaller valve chamber 9 to interrupt communi 
cation between the left hand pump port 4 and 
the exhaust area 23. Upon energization of the 
right hand Solenoid 22, the member 20 is shifted 
in the Opposite direction whereupon fluid under 
preSSure of the pump is directed outwardly 
through the motor port 27 while connecting the 
opposite motor port 26 to exhaust. It will be 
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4. 
seen that, in its neutral position, the member 20 
provides for the free circulation of fluid displaced 
by the pump through the control valve by Way 
of the enlarged area, 23, the port 24 and the main 
outlet 25 of the valve which is connected by Way 
of an exhaust conduit 28 With the reservoir 2. 

Extending between the motor port 26 of the 
Valve 5 and the plunger advancing area of the 
motor 5 is a conduit 29, and interposed within 
the conduit 29 is a pilot-operated check valve 
30. This check valve 30 is shown in detail in 
Figs. 2 and 3 of the drawing, and will be seen 
to comprise an outer casing 3 in which is formed 
an inlet port 32 which is connected with the con 
duit 29 on the control valve side, and an out 
let port 33 which communicates with the con 
duit 29 at its motor-connecting side. The cas 
ing 3 is further formed with a plurality of in 
ternal interconnected chambers, the uppermost 
of which slidably receives a movable check valve 
member 34 Which is formed with a tapered lower 
end 35 for cooperative seating engagement with 
a valve Seat region 36 provided between the up 
permost and intermediate chambers or bores of 
the casing. 
The opposite end of the uppermost chamber is 

closed by a screw threaded plug 37 which lim 
its the movement of the member 34 within the 
chamber. Interposed between the member 34 
and the plug 37 is a light compression spring 38 
which lightly urges the member 34 toward its 
Seated position. Thus, the member 34 normally 
Occupies its seated position with respect to the 
area, 36 in which communication between the 
inlet and outlet ports 32 and 33 is interrupted. 
The member 34 is further formed at its tapered 
end With a first pressure-responsive area 39 
Which is constantly in communication with the 
inlet port 32, and a second pressure-responsive 
area, 40 which communicates with the outlet 33 
by Way of a relatively restricted opening 4 
formed in the side wall of the member adjacent 
the outlet 33. 
The lowermost chamber of the casing 3 which 

is Substantially larger than the upper and inter 
mediate chambers, thereof slidably receives a 
preSSure-responsive piston member 42 having an 
axially extended plunger rod 43 disposed in lon 
gitudinal alignment with the valve member 34. 
The under face of the piston 42 is in communi 
cation with a pilot port 44 which in turn is con 
nected by Way of a pilot conduit 45 with the 
pump discharge conduit f3 between the pump 
and the control valve 5. 
In Fig. 1, it will be seen that the opposite mo 

tor port 27 which is connected with the retract 
ing area of the motor 5 by means of a conduit 
Similar to that designated by the numeral 29, 
may also be provided with an identical pilot 
operated check valve 30. 

In Operation, aSSuming the piston of the 
motor 5 to be in a fully retracted position, the 
plunger 8 of the motor is extended or advanced 
by shifting the valve member 29 in a leftward 
direction to connect the discharge of the pump 
with the conduit 29 leading to the advancing 
area of the motor. Upon introduction of pres 
Sure fluid within the inlet 32 of the check valve 
30, the valve member 34 is unseated by pump 
pressure acting upon the lower pressure-respon 
Sive area, 39 thereof, and establishes communica 
tion between the inlet 32 and the outlet 33 of 
the check valve, thus allowing of passage of fluid 
to the advancing area of the motor 5. As the 
piston 7 of the motor starts to advance, fluid 
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disposed within the retracting area of the ran 
is momentarily trapped by the seated valve 
member 34 of the right hand pilot-operated 
valve 30 thus creating a build-up in preSSure 
Within the pump discharge conduit 3 which, in 
turn, is transmitted through the pilot conduits 
45 to the lower area of the piston member 42 
which is immediately elevated to positively un 
seat the valve members 34 of both valves 30 to 
permit of circulation of pressure fluid to and 
from the separate areas of the motor 5. 
When the plunger 8 of the motor 5 has been 

advanced to a desired position, the control valve 
5 is neutralized and fluid from the pump is 

freely by-passed back to the reservoir 2. At 
this time, the separate valve members 34 of the 
check valves 3 close, thus interrupting the flow 
of fiuid from both of the areas of the motor 5 
in a direction toward the control valve 5. Thus, 
work-resistance forces transmitted to the plunger 
8 of the motor are absorbed thereby due to the 
positive lock created on both sides of the piston 
7 by fluid trapped between the separate pressure 
areas of the motor and the check valves 30. It 
will here be seen that any tendency of the motor 
to slip or creep under the resistance of a load 
will be positively prevented without depending 
upon the spool members of the aSSociated con 
trol valve 5. When it is desired to retract the 
plunger 8 of the motor, the valve member 20 of 
the control valve 5 is shifted rightWardly by 
energization of the right hand Solenoid 22 where 
upon pressure fluid from the pump G is directed 
through the right hand motor port 27 of the con 
trol valve through the right hand check Valve 
30 and into the retracting area of the motor. 
When the piston 7 meets resistance to retracting 
movement, the pressure in line 3 immediately 
builds up to a point at which the piston members 
42 of the check valves are elevated to unseat the 
associated valve members 34 to permit of pas 
Sage of fluid to and from the motor. 

It will be understood that only one of the pilot 
operated check Valves 30 need be employed when 
it is desired that the plunger 8 of the hydraulic 
motor be held against load resistance in one 
direction only, that is to say, when it is desired 
to prevent creeping of the piston T in a back 
Ward direction after initial extension. In this 
event, it is only necessary to employ the pilot-op 
erated check valve 30 Within the line or conduit 
leading to the advancing pressure area of the 
motor. 
In the example shown in Fig. 1, it will be un 

derstood that the two check valves 30 employed 
in each conduit connecting the control valve 
with the separate areas of the motor function to 
prevent the possibility of creeping or slippage of 
the piston in either direction after extension or 
retraction. It will also be understood that the 
present improved control system may be used in 
connection with a single-acting hydraulic ram 
having a single pressure-responsive area in 
which it is desired to positively lock fluid to pre 
vent accidental slippage of the ram after the 
same is actuated to a desired position of exten 
SIO 
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In view of the foregoing, it will be seen that 

the present invention provides a highly efficient 
control circuit for employment in connection. 
with hydraulic motors of the type used to actuate 
an aSSociated clamping or grappling mechanism 
to its load-engaging position, positive provision 
being made within the circuit to prevent slip 
ping or retraction of the plunger 8 of the notor 
after inititally extended to its desired position. 
While a single preferred embodiment of the 

present hydraulic circuit has been disclosed in 
detail, it Will be manifest that various modifica 
tions as to constructional details may be restored 
to without departing from the spirit of the in 
Vention or the scope of the following claim. 

I clairn: 
In a hydraulic control circuit; a hydraulic ran 

having a ran-advancing pressure area, and a ram 
retracting pressure area; a distributing valve hav 
ing a pair of outlet ports connected, respectively, 
With the ram-advancing and ram-detracting 
preSSure areas of Said ram, an exhaust port and 
a pressure inlet, and operable selectively to con 
nect the pressure inlet with either of the outlet 
ports while connecting the opposite outlet port 
with the exhaust port or to connect the pres 
sure inlet with the exhaust port thereof; a 
pump connected to circulate pressure fluid to 
the pressure inlet of said distributing valve; 
a check valve connected between one of the 
Outlet portS of said distributing valve and 
the associated pressure area of Said ram and 
having a movable Valve member therein nor 
mally arranged to interrupt communication be 
tween the last-named outlet port of said dis 
tributing Walve and the aSSociated pressure area, 
of said ram, but being movable in response to the 
flow of pressure fluid in a direction from said 
last-named outlet port toward the associated 
preSSure area of Said ram to provide free com 
munication therebetween; and fluid-pressure-ac 
tuated means engageable With the movable valve 
member of Said check valve and connected di 
rectly With the discharge of Said pump in by 
passing relation to Said distributing valve and 
responsive to a given high pressure within the 
discharge of Said pump for moving the valve 
member of said check valve to an Open position 
independently of the flow of pressure fluid from 
said last-named outlet port of said distributing 
valve toward the associated pressure area of Said 
a. 

WARREN R. TUCKER. 
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