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This invention relates to hydraulic systems, and miore
particularly to hydraulic systems for mobile equipthent
of the slow moving, hard working types, such as Iift
trucks and the like. _

It is a general object of the invention to provide & new
and improved hydraulic system of the character de-
scribed. ‘ ,

Vehicles of the type described, such as Lift trucks, re-
quire’ drive means for propeiling the vehicle, usually in-
clude a lifting device such as a lift fork, and require
means for extending and retracting the lift fork, and
means for raising and lowering the lift fork. Machines
of this type requiré maneuverdbility in close quarters, pre-
cise and smooth operation, the ability' to withstarid' high
shock loads aiid overloads, and frequent speed changes
and reversals. o

With the above and other considerations ifr mind, it is
@ more specific object to provide a new and improved
Hydraulic system for propelling a vekicle such &s a Iift
triuck, for extending and retractinig a lift device such as
a lift fork, and for raising and lowering the lift device;

A further object of this invention is to provide a fiew
and improved hydraulic system of the type described
in the preceding paragraphs including oné of more mo-
tors for propelling the vehicle, a reach motor for exterd-
ing and retracting a lift device, a 1ift motor for raising
and lowering the lift device, separately operablé valves
for the propelling, reach and lift miotors' réspectively,
connected in series circuit, and means providing a varia-
ble pressure, variable volume sotitce of fluid for efficiently
supplying fluid under pressure only at the rdté and pres-
sure required for a particular operation. _

Another object is to provide a new and imiproved hy-
draulic system of the type described ‘in the preceding
paragraph including a variable speed, variabls displace=
ment pump, a prime mover for driving the pump, did a
single control for controlling the speed of the prime:
mover, the displacement of the pump, and the operation
of the propelling, reach and lift valves.

It is also an object of the invention to provide & néw
aid improved variable pressure, varidble voluiie hy-
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flow of fluid from the motor to thereby provide braking
of the motor. ‘

Atiothet object i to' provide a new and improved
transinissiosi of the type described in the preceding para-
graph including braking valve means for braking the pro-
pelling motor oni slowdown of the vehicle and when the
vehicle is parked on an incline:

- A furthet object is to' provide a new and improved
transmission’ of the type described including means for
braking the propelling motor at any time when the motor
aftaids a' speed réquiring' more flow thaii is delivered to
the’ motor, as may occur when a downwird incline is
encourtered while operating at full speed.

It is also an object to provide a new and improved
hydraulic transmission for propelling a vehicle of the
type described including a variable displacement propel-
ling motor, and means responsive to the load- imposed on
the propelling motor for varying the displacement of the
propelling motor to thereby vary the torque delivered
by thie motor ifr response to variations: in the load- on
the motor. ) ) _

A further object is to provide a new and improved hy-
dréulic transmission for a lift truck or the like includ:
ing. & variable displacenient propelling motor, and minu-
ally operable means for varying the displacement of the

- motor between a low speed, maximum torque value dnd
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draulic transmission for propelling a vehicle of the type .

described.

A further object is to provide' a new and improved
transmission of the type described in the: preceding para-
graph including & vdriable displacenient pump, a propel-
ling" motor, a directional valve for controllirig the- flow of
pressuré fluid to the motor, aid a singlé control for
simultanecusly operating the: directional valve and. vary-
ing the pump displacenent.

Another object is to provide a few and improved hiy:
draulic transmission system for propelling a vehicle of
the type described includinig at least one propelliig motor,
means providing & sourcé of operating fluid under preés-
sure, directional valve means for confrolling’ the' flow of
pressure fluid to the propeliling motor, and valve means
in" the circuit with: the propelling motor o restiict the
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4 high speed, rhinimium torgue valie. ‘

Other objects and advantages will become readily
apparent from the following detailed description takén in
connection with the accompanying drawings, in which:

_Fig. 1 is a hydraulic' circuit diagrany illustrating' & hy-
draulic transmission systeri for & lift trick or the like
embodying the principles of the present invention, show:
ing the various elements of the: systemi in neutral or nor-
mal positions; )

Fig. 2 is a hydraulic circuit' disgram illustiating a
modified Rydraulic' transmission systemr for a life. truck
or the like embodying the principleés of the present in-
vention, showing the various eleéferits in neutral or nor-
mal positiofis; » )

. Fig. 315 4 view of the system shown in Fig. 2, with the
directional valve, the variable orifice, the pump control
valve, and the automatic brakifig valve showa: in' posi-
tions different from those illustrated in Fig, 2;

““““ Fig. 4 is a fragmentary view' of the system shown in
Fig: 3, shiowing the automatic braking valve in a braking
position; :

Fig. 5 is another view of the system shown. in Fig. 2,
with the automatic torque valve, and the automatic prime
mover contfol shown in positions different from those
illustrated in' Fig. 2; and

Fig. 6 is a hydraulic circuit diagram illustrating an-
other modified hydraulic transmission system for a lift
truck or the like embodying the principles of the present
invention, with the various elenfents of the system posi-
tioned to- effect reverse propelling of the lift truck at a
low speed under control of the manually operable torque
control valve.

While illustrative embodiments- of the invention are
shown in the drawings and will be described in detail
herein, the invention is susceptible’ of embodiment in
many différént forms, afid it should be understood that
the present disclosuire is to be considered as an exempli=
fication of the principles of the invention and is not in-
tended: to. limit the® invention to the' efmbodiments’ illus:
trated. The scope of the invention will be pointed out
in' the appended claims.

The hydraulic system illustrated herein is particularly
adapted for use' with mobile equipment of the slow mov-
ing, hard working type, such as lift tricks and the like.
Lift: triick's' 6f the fype referred t0 conventionally include
thetéon a- mevably mouiited: lift device, such as a lift
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fork which is usually mounted for extension and retrac-

tion relative to the lift truck to reach and to withdraw
from the load. The lift fork is also mounted for move-
ment up and down on-the lift truck-to hoist .and lower
the load. IR T o ST
- A typical truck of the type referred to inclades a truck
chassis or frame, a pair of. driving wheels supported by.
ohie axle of the truck frame, usually near one end of the
truck, one or more guiding wheels supported by the truck
frame, usually near the other end of the truck, and means
supporting -the lift device on thé. truck frame for move-
ment as described. -The lift device may ‘comprise a lift
fork of generally L-shaped corfigiiration ifichiding a gen-
erally .upright leg and a generally horizontal leg, the lat-
ter disposed for movement underneath a load, such as a
pallet conventionally employed in warehouses and the
like for use in transporting stacked materials from place
to place in the warehouses by lift trucks of the character
described. -
“The hydraulic system in general

. The hydraulic system illustrated is adapted to be
- mounted entirely on the truck frame of a lift truck or
the like, and includes means for propelling the truck,
means for extending and retracting the lift fork, and
means: for hoisting and lowering the fork. The system
illustrated includes the advantages of a precise and smooth
control of each operation provided, with an unlimited
speed range for each operation, and with a wide varia-
tion in torque for the propelling operation. The system
provides for extreme flexibility in installation. - ’

Referring now.to Fig. 1 particularly, as

invention is embodied in a system which includes a pair
of hydraulic motors 10 and 11 adapted.for connection
respectively with a pair of driving wheels of the lift truck
for propelling the truck. The motors 10 and 11 are of
a variable displacement type in order to provide a wide
variation in developed torque, and are reversible in order
that the truck may be driven either forwardly or re-
versely. - A third hydraulic motor 13 of a constant dis-
placement type is provided for extending and retracting
the lift fork to reach and withdraw. from a load, and a
fourth hydraulic motor 14, of the reciprocable piston and
cylinder type, is provided for lifting and lowering the lift
fork. - )
. The system includes means providing a source of oper-
ating fluid under pressure, comprising a variable dis-
placement pump 15 connected to be supplied from a
reservoir 16 and adapted to be driven by a variable speed
prime mover 17, such as an internal combustion. engine.
The pump, the reservoir, and the prime mover are all
adapted for mounting on the truck frame and for suitable
connection in the hydraulic system. Similarly, the hy-
draulic motors 10, 11, 13 and 14 are also adapted for
mounting on the truck frame; for suitable connection in
the hydraulic system, and for connection with the de-
vices which they operate. ‘

Operations of the propelling motors 10 and 11, the
reach motor 13, and the lift motor 14 are controlled
respectively by 4-way directional valves, including a pro-
pelling valve 18, a reach valve 19, and a lift valve 20
which are connected in the system to control the flow of
operating pressure fluid to and from the motors.

Operating fiuid under pressure is supplied by the pump
15 to the body of the propelling valve 18 through a line
21a, 21b and 2ic, and from the body of the propelling
valve 18 to the body of the reach valve 19, and from the
body of the reach valve 19 to the body of the lift. valve
20. The valves 18, 19 and 20 are connected in series
with the pump 15 and in series with each other. That is,
when the valves are in neutral positions as illustrated in
Fig. 1, fluid from the pump 15 flows through the valves
to the next adjacent valve downstream. When .cne of
the valves, the propelling valve 18 for example, is oper-
ated to direct fiuid to the associated .motor, flaid under,

illustrated, the -

4

pressure from the pump 15 no longer flows to the next
valve downstream. Imstead, the fluid flow from the pro-
pelling motors is directed to the downstream valve. Fluid
directed to the downstream valve in this manner may be
utilized by suitable actuation of the downstream valve to
effect operation of the associated motor. The respective
motors are connected in seriés with the associated direc-

. tional valve.. The motors may be operated separately, or
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two or more of them may be operated simultaneously.
While the directional valves have been illustrated as sep-
arate structures, it will-be appreciated that these may all
be made, if desired, in a single body, or the three may
be separate and -arranged in-adjacent relationship in a
multiple unit valve stack. The propelling motors 1¢ and
11 are connected in parallel with each-other, and flow
to these motors is normally equally divided between the
two motors so that the power supplied thereto is the
same. - . R : -
Fluid under pressure flowing from the pump 15 passes
through a member 22 providing an adjustable orifice for
regulating the rate of flow to the directional valves. A
pump . displacement control valve 23 is responsive to the
pressure drop across the adjustable orifice to vary the
displacement of the pump 15 directly as the rate of flow
through the orifice varies. - An overpressure relief valve
24 is responsive to pressure downstream of the adjustable
orifice and functions in response to the development of

~ excessively high and dangerous system pressures to re-
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duce- the pump displacement to a minimum.

~ A 'single manually operable control, generally desig-
nated: 25 is provided for controlling the operation of the
directional valves 18, 19 and 20, and also for varying
the size of the adjustable orifice and the speed of the
prime mover 17, - L

The propelling valve 18 includes valving described
more in detail hereinafter, manually controllable, for ob-
structing the flow of fluid from the propelling motors 10
and 11 thereby to brake the motors when the lift truck
is slowed -down to a stop or when the truck is parked in
neutral on an incline. In order to facilitate the braking
of the propelling motors, the circuit connected with these
motors includés a braking relief valve means 26 which
functions fo maintain the braking pressure, and to estab-
lish a braking circuit returning braking fluid from the
motor outlets to the motor inlets.

* Also, the propelling motors circuit includes an auto-
matic braking valve means 29 which functions to obstruct
the flow of fluid from the propelling motors and thereby

- brake the motors at-any time when the motors require a
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flow. greater than that provided by the pump 15, as when
the: motofs tend to -overrun at a time when the truck is on
a downward incline. : :

As previously noted, the propelling motors 10 and 11
are. of the variable displacement type, and this charac-
teristic is utilized to operate the motors either at a mini-
mum displacement, high speed and low torque, or at a
maximum displacement, low speed, and high torque.
Operation of the motors in this fashion is controlled by
an automatic torque valve means 31 for controlling the
displacement of the motors.

System in detail

The. pump 15 may be of a conventional construction
including a rotatable cylinder: block 35 suitably keyed
to a pump drive shaft 36 for rotation therewith. The
cylinder block is formed with an annular series of axially
disposed cylinders which receive therein axially recipro-
cal pump pistons 38 which are biased outwardly of the
cylinder block by springs not visible. The pistons 38,
through. the medium of suitable bearing shoe apparatus,
bear against an adjustable angle swash plate 3% non-
rotatably held in the pump housing 40.. On rotation of
the cylinder block 35, in a conventional manner the
pump cylinders draw fluid from an ‘inlet conduit 41 lead-
ing from the reservoir 16 and discharge fluid under pres-
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Siite into the punip outlet conduit 21 previously referred
to. A drain conduit 42 leads from the interior of the
fump housing 40 to conduct leakage fluid to the intet
ine 41.

The variable angle swash plate 39 is normally -biased
to a minimum displacement position by means inherent
in its mounting and by means of the spring biased ‘pis-
tons 38. Means is provided to vary ‘the angle of the
swash plate, and this means partakes of a displacement
varying control piston 46 mounted in -a control cylinder
47 in the pump housing to bear against the swash plate
39. When the control cylinder 47 is connected to drain,
the swash plate 39 will assume a minimum displacement
position. - Control fluid under pressure may be admitted
to the cylinder 47 to increase ‘the swash ‘plate -angle ‘and
thereby increase the pump displacement.

The control valve means 23, previously referred ‘to, is
provided to control the flow of pressure fluid to and
from the cylinder 47 in response to variations in the flow
Tate through the adjustable orifice in the ‘member 22.
The control valve 23 functions to effect an increase in
‘pump displacement on increased flow through the orifice
and to effect a decrease in pump displacement on de-
crease in the flow rate through the orifice.

‘The control valve 23 includes a valve body 51 which
‘desirably may be integral with the pump housing end
‘plate 152. The valve body 51 is formed with a bore
having a valve member 52 slidably positioned therein.
The valve member 52 is biased by a spring 53 toward
a position establishing communication between ‘an outer
groove 55 on the valve member and a valve port 56 in
the valve body. Radial passages 57 formed in the valve
‘member 52 communicate with the groove 55 and lead to
an axial passage 58 in the valve member which opens to

‘the lower end of the valve member to communicate with

a valve inlet port 59. An outer annular groove 60
formed on the valve member 52 is provided to establish
‘communication between the valve control port 56 and a
'drain port 61 when the valve member 52 is positioned as
illustrated in Fig. 1.

Valve member 52 is sensitive to the pressure drop
across the adjustable orifice in the member 22. TIts
upper end is exposed to pressure fluid ahead of the ad-
‘justable orifice by means of conduits 6% -and 63 ‘which
lead from the pressure conduit 21z to the upper -end - of
the valve body 51. The lower end of the valve member
‘52 is subjected to pressure fluid downstream of the ad-
justable orifice through the medium of conduits 64, 65
and 66, which lead from the pressure -conduit 21c to
the valve inlet port 59. :

In operation, when the adjustable ‘orifice is closed ‘or
‘substantially closed, there will be a pronounced pressure
-drop across the orifice, and the pressure of fluid in the
lines 214, 62 and 63 will be much greater than the
pressure of fluid in the conduits 215, 21c, 64, 65 and &6.
As a result of this pressure differential, the greater pres-
sure at the upper end of the valve member 52 will force
the valve member downwardly against the bias of the
spring 53 to substantially the position illustrated in Fig. 1.
In this position of the valve member, the control cylinder
47 is connected to drain by means of a conduit 67 which
leads from the control cylinder to the overpressure relief
valve 24, the overpressure rélief valve, a conduit 68, the
port 56, the groove 66, and the drain port 61 which is
connected by conduit 78 to the interior of the pump
housing 40.

In the event the adjustable orifice is opened to- permit
‘an dncreased flow rate therethrough, the pressure ‘drop
across the orifice will be substantially reduced, the pres-
sure acting against the lower end ‘of the valve member
'52 will be increased, and such pressure and the spring
53 will be effective to move the valve member 52 up-
wardly to a position establishing communication between
ithe “pressure conduit 66 and the control cylinder :47
through the -axial passage :58, the 'radial passages -57,
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6
groove 55, control port 56, conduit 68, relief valve 24,
and conduit 67. ‘The position of the valve member just
described is not illustrated in connection with ‘the circuit
of Fig. 1, but is illustrated in the modified circuit of
Fig. 3 wherein the -control -valve is designated 23x. In
‘this -position -of the control valve, pressure fluid acting
-against the control piston 46 will be effective to increase
the angle-of the wobbler 39, thereby increasing the pump
‘displacement in proportion to the flow rate ‘through ‘the
‘adjustable -orifice. :

The overpressure relief 'valve 24 ‘includes a valve body
‘72 which also may be formed integrally with the pump
housing end ‘plate T5a. "The valve body 72 is formed
with the bore having a valve member 73 slidably posi-
tioned therein and normally biased upwardly by a spring
‘74 to the position illustrated in Fig. 1 wherein an outer
-annular groove 75 formed on the valve member places
the two conduits 67 and 68 in communication so that
control over the control piston 46 is maintained by the
control valve 23. The -upper end of the vilve member
73 is subjected to fluid under pressure from the conduit
21b. Im the event that an excessively high and dan-
gerous pressure is developed in the system, as may occur
when .a passage is improperly blocked or a part improp-
erly jammed, such pressure functions to move the valve
member 73 downwardly to a position (not illustrated)
wherein an outer annular groove 76 on the valve mem-

_ber communicates with the conduit §7. When the valve

member is thus positioned, the control cylinder 47 is
connected to drain through the .conduit 67, the groove 76,
radial passages 77, an axidl passage 78, and a conduit 79
leading to the drain conduit 70. The swash plate 39 s
thereby allowed to return to a minimum displacement
position to reduce the pump output until such time as
the defective condition :in the circuit is corrected.

The adjustable orifice .in the member 22 is formed by
means including a valve body 81 formed with a bore 82
having an inlet port 83.and an cutlet port 84. The out-
iet port 84 forms an annular valve seat for cosperation
with the conical end portion of a valve member 85 rotata-
ble and slidable in the bore 82. The valve member 85 is
formed with a threaded end portion 88 which is screwed
into the valve body 81. Adjustment of the size of the
orifice opening formed by the outlet port 84 and the coni-
cal end portion of the valve member is obtained by rotat-
ing the valve member 85 to screw the latter inwardly
and outwardly relative to the outlet port 84. ‘Rotation of
the valve member 85 is effected by means of a rotatable
shaft 86 mounted in a suitable bearing 87 and adapted to
be rotated under control of the manually opérable con
trol Z5. ’

The pump drive shaft 36 is connected to be driven by
the prime mover 17 which may comprise an internal com-
bustion engine of a conventional type having an output
shaft $§ suitably connected to drive the pump shaft 36.
The speed of the engine 17 is controlled by a fuel feed
device such as a carburetor 91. The carburetor is con-
trolled by a mechanism including a pivotally mounted
lever 92 normally biased by .a leaf. spring 93 against an
adjustable stop 94 so as to normally supply sufficient fuel
to the engine 17 to sustain its operation at an idle speed.

The carburetor control lever 92 is connected to be
automatically conirclled with adjustments in the size of
the orifice 22 by means of a link 95 pivotally connected
at one end to the lever 92 .and at its other end to an
eccentric pin 96 on a disc 97 secured to the adjustment
shaft 86 for rotation therewith. .

In operation, when the adjustable valve member 85 is
positioned as illustrated in Fig. 1 to substantially close
the valve outlet 84, the eccentric pin %6 and the link
95 are positioned to adjust the carburetor to an idle
speed. On rotation of the adjustment shaft 86 to in-
crease -the size of the orifice opening 22, the eccentric
pin 96 is revolved about the axis of the shaft 86, mov-
ing the connecting link 95 to the left as viewed in Fig. 1 '
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io. increase the fuel feed to the engine 17 and thereby
increase the speed of the engine with increases in the flow
-rate through the adjustable orifice. :

" Rotation of the adjustment shaft 86 is effected by the
single common control device 25 which is provided to ef-
fect operation of all manual controls included in the sys-
stem. - The control 25 includes a supporting bracket 100
having a centrally ‘disposed hub portion 101 which sup-
ports a rotatable shaft 102, The shaft 102 is connected
by a flexible shaft 103 to the adjustment shaft 86. The
drive shaft 102, at its other end, supports an operating
‘Jever 104 universally connected with the drive shaft 102
at 105 and having a manually accessible hand grip por-

10

tion 106 for pivoting the operating lever 104 in any direc- -

tion from a neutral center position illustrated in Fig. 1 for
-purposes described more fully hereinafter. Also, how-
ever, the hand grip portion may be utilized to rotate the
operating lever 104 about its axis, thereby to rotate the
drive shaft 102 for effecting adjustment of the adjustable
orifice in the member 22 and for varying the speed of the
prime mover engine 17.

" As previously noted, when the adjustable orifice is
.opened, operating fluid under pressure flows from the
pump 13 to the propelling valve 18 through the pressure
conduits 21a, 215 and 21c. The valve 18 is provided to
control the propelling motors 10 and 11 and includes a
valve body 110 having a longitudinal bore 111 which re-
ceives a valve stem 112 stidably mounted in the valve
‘bore for movement in opposite directions from the neu-
tral center position illustrated in Fig. 1.

The valve body 110 is formed with a pair of inlet ports
113 and 114, both communicating with the pressure con-
duit 21c¢ and both adapted to communicate with the valve
bore 111. The valve body 110 is also formed with a pair
of motor ports 115 and 116 for delivering pressure fluid
to conduits 117 and 118 respectively to obtain operation
of the propelling motors 10 and 11 in reverse and for-
ward directions. Motor ports 119 and 120 in the valve
body communicate respectively with the conduits 117 and
118 for returning fiuid from the propelling motors 1¢ and
11 when the motors are operated in forward and reverse
directions. Drain ports 121 and 122 in the valve body
110 are both connected with a drain conduit 123 leading
to the braking valve 29. The braking valve includes an
outlet port 124 communicating with a pair of inlet ports
to the downstream directional valve 19,

The propeliing motors 10 and 11 are connected in series
with the propelling valve 18 and in parallel with each
other by means including the conduit 118 and branch
conduits 125 and 126 which conduct operating fluid under
pressure to the motors for operating the motors in a for-
ward direction. The conduit 117 and branch conduits
127 and 128 conduct operating fluid under pressure to the
motors for obtaining operation in a reverse direction. It
will be understood that the circuits described, connecting
the motors in parallel with each other provide for a dif-
ferential action which permits relative movement between

the motors as when the lift truck is turning with the

‘wheel connected to one motor traveling in an arc of great-
er radius than the wheel connected to the other motor.

In operation, when the valve stem 112 of the valve 18
is positioned in the neutral center position as illustrated in
Fig. 1, fluid flows from the conduit 21¢ to both valve in-
let ports 113 and 114. From the inlet port 113, fluid flows
through stem groove 129 to the drain port 121 and to drain
conduit 123. From the inlet port 114, fluid flows through
the stem groove 130 to the drain port 122 and to drain
conduit 123. o

In order to obtain operation of the propelling motors in
a forward direction, the valve stem 112 is moved upward-
ly from the position illustrated in Fig. 1 to a position
wherein the inlet port 113 is blocked by valve land 131.
The entire flow from conduit 21c¢ passes to the propelling
motors through valve inlet port 114, stem groove 130,
motor port 116 and conduit 118. Valve land 132 is posi-

_tioped. to block the motor return port 120 and the drain-
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8
port 122. - When the valve is positioned as described, fluid
flows from the motors 10 and 11 to drain through con-
duit 117, motor return port 119, stem groove 129, drain
port 121, and drain conduit 123, The valve land 131 is
positioned to block the motor port 115. The position of

the valve just described is not illustrated.

In order to obtain operation of the propelling motors
10 and 11 in a reverse direction, the valve stem 112 is
moved downwardly from the neutral center position illus-
trated in Fig. 1 to a position wherein the valve land 131
blocks the valve inlet port 114. - The entire flow from
the conduijt 21c passes through the inlet port 113, stem

groove 129, motor port 115, and conduit 117. The valve

land 133 is positioned to block the motor return port 119
and the drain port 121. When the valve is positioned as
described, return flow from the motors 10 and 11 passes
through conduit 118, motor port 120, stem groove 130,
drain port 122 and drain conduit 123. The motor port
116 is blocked by valve land 131. The position of the
valve just described is not illustrated in Fig. 1, but is
illustrated in the modified circuit of Fig. 6.

Movement of the valve stem 112 from the neutral cen-
ter position illustrated to the positions described is ef-
fected by means to be described presently.

“The manually controllable valve 18 for controlling op-
eration of the propelling motors 10 and 11 includes
valving for braking the propelling motors on slow down
and in neutral. Principally, the valving referred to com-
prises the lands 131, 132 and 133 on the valve stem
112. When the valve stem 112 is positioned as illus-
trated in Fig. 1, the lands 131 and 133 are positioned to

‘block the flow of fiuid from the motor conduit 117, and

the lands 131 and 133 are positioned to block the flow of
finid from the motor conduit 118. If the lift truck is
parked on an incline, facing either forwardly or -re-
versely, the weight of the truck and the load carried
thereby will tend to cause the truck to roll down the ramp.
Such condition causes the propelling motors 19 and 11
to function as pumps. But, inasmuch as both motor con-
duits 117 and 118 are blocked, the propelling motors,
when rotated in either direction, pump against a blocked
passage. Obviously, this restricts the flow of fluid from
the motors, and brakes the motors.

The braking relief valve means 26, previously referred
to in general, is provided to maintain the braking pres-
sure in the motor return line 117 or 118, depending on
the direction of truck movement. This valve means
functions to bypass fluid from the motor return line to
the motor inlet line to regulate the braking pressure in
the return line and at the same time maintain hydraulic
fluid in the braking circuit.

The braking relief valve means 26 includes a valve
body 135 having a first conduit 136 comnected to the
motor conduit 117 and a second conduit 137 connected
with the motor conduit 118. The valve body 135 is
also provided with two valve bores, one bore housing a
spring pressed check valve 138 biased to a closed position
against the pressure of fluid in the conduit 136. The

‘second bore houses a spring pressed check valve 139

biased to a closed position against the pressure of fluid
in the conduit 137. Passages provided in the valve body
enable the valve 138 to deliver fluid from the conduit 136
to the conduit 137 and additional passages enable the
valve 139 to deliver fluid from the conduit 137 to the
conduit 136. )
In operation, assuming the truck is parked in neutral,
as illustrated in Fig. 1, on an incline such that the truck
tends to roll forwardly, the motors 10 and 11 tend to

_function as pumps, drawing fluid in through the motor

conduit 118 and pumping the fluid out through the con-
duit 117. In this case, the valve lands in the valve 18

block the flow of fluid from the motors. The valve 138

is biased toward a closed position by its spring, and will
thus maintain the braking pressure in the line 117 up fo
a predetermined value, at which time the valve will open.
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Whei the valve opens, the motor outlet line 117 is con-
nected to the motor inlet line 118 to fthereby return
fluid to the motor inlets. The valve 138 thus functions
to regulate braking pressure and to provide a braking
circuit and to maintain the braking circuit charged with
fluid. The braking relief valve 139 functions in a similar
manner when the truck tends to roll rearwardly and the
propelling motors thus tend to pump out the conduit 118
and draw through the conduit 217. The sefting of the
valves 138 and 139 may be high enough so that they do
not relieve the pressure of fluid for propelling the truck
when the valve stem 112 is positioned for this purpose.

The antomatic braking valve means 29, previously re-
ferred to in general, ncludﬂs a valve body 141 having an
inlet port connected with the drain conduit 123 and an
outlet port 124 previously described. The valve body
141 is formed with a valve bore having a valve member
142 slidably disposed in the bore and formed with a cen-
tral reduced portion 143 which serves to connect the valve
inlet port 123 and the valve outlet port 324 when the
valve member is positioned- as illustrated in fig..1. A
spring 144 acts against the valve member 142, blasmg
the valve toward a position in which communication is
blocked between the inlet port 123 and thé outlet port
124. At the opposite end of the valve member from the
spring 144, the valve bore is provided with a pressure
port 145 which is connected by a conduit 146 with the
pressure conduit 64, and hence with conduit 21c, leading
from the source of pressure fluid.

In operation, at any time when the pump 15 is pump-
ing, and the adjustable orifice in member 22 is open, the
pressure of fluid in the conduit 146 is sufficient to main-
tain the valve member 142 in a position &s illustrated
in Fig. 1, thereby placing the inlet port 123 and the outlet
port 124 in communication. Thus, under normal opér-
ating coaditions, when the propelling motors 18 and 11
are operated either forwardly or reversely, at either high
speed or low speed, the return conduits from the motors
are opened to drain since the valve member 142 is posi-
tioned to interconnect the drain ports 123 and 124.

If, under these conditions, the truck encounters a down-
ward incline, the motors 1% and 11 may tend to overrun
at a speed requiring more flow through the motors than
is delivered by the pressure source. In this case, the mo-
tors begin to function as pumps, drawing fluid from the
pressure conduit 2ic and pumping through the drain
port 123. Since the propelling motors are functioning
as pumps and are requiring more fluid than that delivered
by the pressure source, the pressure of fluid in the pres-
sure conduits 21c and 146 drops, enabling the spring
144 to move the valve member 142 to a position blocking
communication between the ports 123 and 124. Since
the flow of fluid from the motors 18 and 11 is thereby
restricted, the motors are braked down to a suitable speed
after which the pressure of the operatmg fluid will rise
again to the proper value, again opening the braking
valve 29. The braking posmon of the valve member 142
has not been illustrated in connection with the circuit
of Fig. 1. However, the braking position of a.similar
braking valve is illusirated in Fig. 4 in connection with
the illustration of the circuit of Figs. 2 through 5.

The propelling motors 16 and 11 may be similar and
of conventional construction. Since the miotors shown
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are identical, only motor 18 will be described in detail, .

Similar reference numerals are used to designate similar
parts in the motor 11 with a prime suffix. The motor
10 includes a rotatable cylinder block 158 connected to
drive the motor outlet shaft 151. The cylinder block
150 is formed with an annular series of cylinders hous-
ing reciprocal pistons 153 which bear against a variable
angle swash plate 154. A control piston 155 is recipro-
cable in the motor housing to vary the angle of the swash
plate 154.

The variable dlsplacement characterlstlc of ‘the pro-

pelhnv motors is utilized, in combination with the torque’
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mulfiplication valve means 31, prev1ous1y referred to ni
general, to .obtain the optimum wusage of a small prime
mover, enabling the reduction in over-all size of a lift
truck or the like where maneuverability in close quarters
is essential. With the hydraulic system illustrated, the
optimum size prime mover, such as the engine 17, is one
that will provide just enough power to maintain the ve-
hicle at full speed with a full load on a level surface with
no reserve power to climb an incline or ramp. The auto-
matic torque multlphcatlon valve 31 enables the prac:
tical use of a small prime mover engine by automatically
sensing an overload condition on the motors 1¢ and 11
to automatically increase the displacement of the mo-
tors, thereby providing an increased torque output and a
reduction of the speed of the motors.

As illustrated, the torque multiplication valve mcludes
a valve body 157 having a pressure port 158, a control
port 159 and a drain port 166. The valve body 157 is
formed with a valve bore having a valve member 161
slidably positioned therein. The valve member is nor-
mally biased to the position illustrated in Fig. 1 by a
spring 162, in which position an external annular stem
groove or reduced portion 163 on the valve member con-
nects the control port 159 and the drain port 160. - When
the valve -member :161 is positioned as illustrated, the
control pistons 155 for the motors 10 and 11 are con-
nected to drain through the drain port 160, the stem
groove 163, the control port 159, a conduit 164 leading
from the control port 459, and branch conduits 165 and
166 which lead to the control pistons 155. The variable
angle swash plates 154 for the motors 10 and 11 are
thereby permitted to assume their normal minimum dis-
placement angle for effecting operation of the motors at
a high speed and a low torque.

The valve body 157 is formed with an additional ‘port

167 connected by a conduit 168 to the pressure conduit

66. The valve member is thereby exposed to pressure
fluid. In operation, the valve member 161 is normally
positioned as illustrated in Fig. 1. In the event that the
propelling motors 18 and 11 encounter an undue resist«
ance to turning, as when the wheels driven thereby ens
counter an obstruction or an incline, the increased re:
sistance to turning causes a pressure rise in the pressure
conduits 66 and 168. The increased pressure causes

movement of the valve member 161 to a position wherein

the pressure port 158 and the control port 159 are con-
nected through the reduced portion 163. Pressure fluid
is thus supplied to the conduit 164 and branch conduits
165 and 166 to actuate the control pistons 155 and 155°;
shifting the swash plates 154 and 154’ to an increased
angle providing increased motor displacement, increased
torque at the motors, and reduced speed. If the resist-
ance of the motors 10 and 11 to turn decreases, there
will be a pressure drop in the system which permits te-
turn of the valve member 161 to the position illustrated,
thereby connecting the control pistons to drain. Thxs
permits return of the swash plates to minimum displace-
ment angle. The shifted position of the torque mulnply-
ing valve member 161 referred to above is illustrated in

Fig. 5, wherein the torque valve is generally de51gnated
31x.

If desired, the circuit illustrated in Fig. 1 may incor-
porate a manually operable torque ‘multiplication valve
similar to that described in connection with the circuit
illustrated in Fig. 6.

The directional valve 19 for controllmg the flow of
operating fluid to. the reach motor 13 is snbstantially
identical with the directional valve 18 for controlling the
flow to the propelling motors 16 and 11. For this rea-
son, the valve 19 will not be described in detail. The
parts of the valve referred to in describing its operatlon
have been given reference numbers similar to the corre-
sponding parts of the valve 18, with a prime added.

The reach motor 13 may be of a conventional type
including a rotatable cylinder block 170 connécted to
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drive an output shaft 171 and having axially reciprocal
pistons 172 bearing against a swash plate 120 having a
fixed angle for providing a constant piston displacement.
The, construction of the motor 13 is such that it may
‘be operated forwardly or reversely by reversing the di-
rection of fluid flow through the motor.

" In operation, when the valve stem 112’ of the direc-
tional valve 19 is positioned as illustrated in Fig. 1, flnid
flows from' the inlet ports 113’ and 114’ to the drain
ports 121’ and 122’ through the stem grooves 129’ and’
130’. With the valve positioned as illustrated, the mo-
tor ports 115, 116’, 119’, and 120’ are blocked by the
valve lands 131°, 132’ and 133'.

Operation of the reach motor forwardly is obtained
by moving the valve stem 112' upwardly from the neu-
tral center position illustrated to a position in which the
sterri groove 139’ connects the inlet port 114" to the motor
pressure port 116” to deliver operating fluid through the
conduit 118’ to the reach motor inlet. Operation of the
reach motor reversely may be obtained by moving the
valve stem 112° downwardly from the position illustrated
to a position in which the stem groove 129’ connects the
‘motor inlet 113’ to the motor pressure port 115’ to de-
liver operating fluid under pressure through the conduit
117’ to the motor 13.

" Movement of the valve stem 112 is effected by means
to be described presently.

The directional valve 20 for controlling operation of
the lift motor 14 is substantially identical with the valves
18 and 19 previously described. Accordingly, the valve
20 will not be described in detail. The parts of the valve
referred to in describing its operation have been given
Feference numbers similar to those given to correspond-
ing parts in the valves 18 and 19, except that a double
prime suffix has been added. : )
. The lift motor 14 may be of a conventional piston
‘and cylinder type including a cylinder 175 having a pis-
‘ton 176 reciprocable therein and having a piston rod 177
adapted to be connected with the lift fork of the lift truck.

Fluid is admitted to the cylinder 175 to elevate the
1ift fork through motor pressure port 115", a check valve
‘184, and a conduit 178 leading to a cylinder port 179,
‘Fluid is exhausted from the cylinder 175 to lower the
ift fork through the conduit 178 and the motor drain
"port 119", ‘The lowering of the lift fork may be accom-
plished at a rate controlled by an adjustable metering
“Valve or the like 180 located in a drain conduit 181 leading
from the drain port 121” to a drain conduit 182 con-
‘nected with the reservoir 16. A conduit 183 leads from
‘the valve drain port 122" to the drain conduit 182.
Since operation of the lift motor 14 requires the flow of -
fluid to and from only one end of the cylinder 175, the
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‘motor ports 116" and 120"’ may be connected by a closed »

‘conduit or, if desired, plugged, or eliminated entirely.
‘In operation, when the valve member 112" is posi-
‘tioned in the neutral center position as illustrated in Fig. 1,
fluid enters the valve through the inlet ports 113" and
‘114”7, passes through the stem grooves 129" and 1307,
drain ports 121”7 and 122", conduits 181 and 183, and
‘conduit 182 to the reservoir 16, With the valve stem
positioned as illustrated, the motor ports’ 119" and 115"
‘are blocked by the valve lands 133" and 131” so that
“the piston 176 is effectively held in position to hold a load.
“"In order to effect movement of the lift piston upwardly,
‘the valve stem 112" is moved downwardly from the
.position illustrated to a position in which the stem groove
129" connects the inlet port 113" with the motor pressure
port 115”. TIn this position of the valve stem, the motor
“port 119" is blocked by the valve land 133”. In order to
permit movement of the lift piston 476 downwardly, the
valve stem 112" is moved upwardly from the position
‘illustrated to a position in which the stem groove 129”
connects the motor return port 119’ to the drain port
121”. In this position of the valve stem, fluid flows
.from the cylinder 175 at a rate controlied by the adjust- .
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able valve 180 to control the rate at which the lift
fork is lowered.

~ Movement of the valve stem 112’ is effected by means
which will be described now.

The valve stem 112 in the directional valve 18 is
biased to the neutral center position illustrated in Fig. 1
by means of a spring 185, The spring bears against a
lower collar 186 and an upper collar 187, both slidable
on a reduced portion of the valve stem 112 in an enlarged
portion of the valve body bore 111. The collars 186
and 187 are both adapted to bear against shoulders
formed on the valve stem and in the valve bore in a
manmner to permit movement of the valve stem in opposite
directions from the neutral center position shown to the
two operative positions previously described. A collar 188
fixed on the reduced portion of the valve stem is engage-
able alternatively with the collar 186 or the collar 187
to limit movement of the valve stem 112 in opposite
directions. ‘

The valve stems 112’ and 112" of the directional valves
19 and 20 are normally biased to the neutral center posi-
tions illustrated by means identical with that described
in connection with the valve stem 112,

Movement of the valve stem 112 in the directional
valve 18 upwardly from the position illustrated. in Fig, 1
is effected by the admission of pressure fiuid to a cylinder
190 formed at the lower end of the valve body 110.
Fluid upder pressure is admitted to the cylinder 190
through a conduit 191 leading from the cylinder to a
control valve 192. Movement of the valve stem 112
downwardly from the position illustrated in Fig. 1 is

effected by admission of pressure fluid to a cylinder 193

formed in the upper end of the valve bore 111. Pressure
fluid is admitted to the cylinder 193 through a conduit
‘194 from a control valve 195, ’

The pilot control valves 192 and 195 for controlling
operation of the valve stem 112, together with similar

pilot control valves 192’ and 195’ for controlling opera-

tion of the valve stem 112" of the directional valve 20,
all constitute a part of the master control unit 25, previ-
ously referred to. .
In Fig. 1, for purposes of clarity in describing the
operation of the master control unit 25, the unit has been
illustrated twice in the figure. It appears omnce at the

‘upper central portion of the figure, in elevation for illus-

trating the mechanical features of the unit previously

‘described hereinabove. The master control 25 has been

illustrated in Fig. 1 a second time at the upper right hand
portion of the figure where the unit is shown in section,
the section being taken through the pilot control valves
192 and 195 for illustrating the hydraulic features of the
unit about to be described.

The stationarily mounted supporting bracket 100 of
the control unit 25 includes four leg portions 197 which
are angularly spaced about the axis of the drive shaft 102
and extend from the hub portion 101 axially and radially
outwardly. The leg portions 197 provide supports for the
valves 192, 195, 192’ and 1$5’, which are spaced at 90
degree intervals about the axis of the manually operable
control member 104 when the latter is positioned in the
neutral center position illustrated.

The pilot control valves 192, 195, 182 and 195’ are

all identical in construction. Hence, only the valve 192

will be described in detail; the construction of the remain-
ing valves will be understood from the description of

the valve 192.

The valve 192 includes a valve body 200 formed with
a valve bore having a pressure port 201, motor port 202,

‘and a drain passage 203 through the valve body inter-

secting the valve bore. The valve bore receives a slidably

‘mounted valve stem 204 which is biased by a spring 209
to the position illustrated wherein a stem groove 205

connects the motor port 202 and the drain passage 203.
Therefore, the cylinder 190 controlled by the valve 192
is connected to drain through the conduit 191, motor
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port 202, stem groove 205, and drain passage 203. When
the valve member 204 is positioned as illustrated, a
reduced end portion 206 on the valve stem bears against
the universally pivotable control lever 104.

In like manner, the similar valves 195, 192’ and 195’
are similarly positioned-to connect the cylinders 193,
190°, and 193’ to drain. The drain passages of the four
valves are interconnected as shown by a conduit 207 which
in turn is connected to a conduit 208 leading to the drain
passage 182.

Operating fluid under pressure is delivered to the pilot
control valve pressure port 201 by means of a conduit
216 which leads from the pressure conduit 62, a connect-
ing conduit 211, and a conduit 212. The pressure
port of the valve 195 is supplied with pressure fluid
through the conduit 210, and a connecting conduit 213
which leads to the pressure port of the valve 195,

Pressure fluid is supplied to the pressure port of the
pilot valve 192’ through the conduit 210 and a connect-
ing conduit 214. Pressure fluid is supplied to the pres-
sure port of the valve 195 through the conduits 219,
211, and a connecting conduit 215. .

In operation, when the valves 192, 195, 192’ and 195’
are positioned as illustrated, the cylinders 190, 193, 19¢’
and 193’ are each connected to drain, and the control
valve stems 112 and 112" are biased by the springs 185
and 185" to the neutral center positions illustrated.

In order to effect movement of the valve stem 112
upwardly from the position illustrated to the position
previously described for obtaining forward operation of
the propelling motors 16 and 11, the pilot valve 192 is
actuated to conduct pressure fluid to the cylinder 190.
Actuation of the pilot valve 192 is effected by pivotal
movement of the control lever 164 upwardly from the
position illustrated in Fig. 1 to move the pilot valve
stem 264 from the position illustrated to a position in
which the stem groove 285 connects the pressure port
201 and the motor port 282. When the stem 204 is
moved to the position described, pressure fluid is de-
livered to the cylinder 196 through the conduit 191 to
effect movement of the valve stem 112 upwardly.

In order to effect movement of the valve stem 112
" downwardly from the position illustrated to the position
previously described for obtaining operation of the pro-
pelling motors 10 and 11 reversely, the pilot valve 195
is actuated to admit pressure fluid to the cylinder 193.
Actuation of the pilot valve 195 is effected by movement
of the control lever 104 downwardly from the position
illustrated to a position in which the pilot valve stem
groove connects the pressure conduit 213 and the con-
duit 194,

In similar fashion, movement of the valve stem 112"
downwardly to the position previously described to ef-
fect movement of the lift piston 176 upwardly, is effected
by actuation of the pilot valve 195’, by the control lever
104 to conneot the pressure conduit 215 and the conduit
194’. Movement of the valve stem 112" upwardly from
the position illustrated to the position described for
lowering the lift piston 176 is effected by actuation of
the pilot valve 192’ by the control lever 104 to connect
the pressure conduit 214 and conduit 191’ for admitting
pressure fluid to the cylinder 196",

Thus, it will be seen that the control lever 104, in
addition to providing an adjustment for the variable
orifice 22 and an adjustment for varying the speed of the
prime mover 17, also provides a single control for effect-
ing operation of the directional valves 18 and 20. As
explained, any one of the four pilot valves may be actu-
ated by pivotal movement of the control lever 104 in the
proper direction. Additionally, actuation of any two ad-
jacent pilot valves may be effected simultaneously by
moving the control lever 164 in an angular direction
toward both adjacent pilot valves. More specifically,
the control lever 104 may be moved upwardly and left-
wardly at a 45 degree angle to actuate the valve 192 and
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the. valve 195’ to simultaneously obtain forward propel-
ling movement of the truck and hoisting ‘movement of
the 1ift device. )

-Movement of the valve stem 112’ upwardly and down-
wardly from the neutral .center position illustrated to the
two positions previously described is effected by means
of solenoids. A solenoid 217 is provided to move the
valve stem 112° downwardly and the solenoid 218 is
provided for moving the stem upwardly. - The solenoid
217 is connected to ground and to a source. of power
represented at 219 by means of a wire 220 through a
switching device 221 on the control lever 104 which in-
cludes a push button switch actuator 222 for energizing
and deenergizing the solenoid. The solenoid 218 is con-
nected to ground and to the source of power by a wire
223 through switching device 221 which also includes a
push button switch actuator 224 for controlling energi- -
zation of the solenoid 218. The switching device 221
including a push button switch actuator 222 and 224
may be of a conventional construction, and is mounted
on the control lever 104 so as to permit contiol of the
valve 19, as well as the other controls previously de-

scribed, all from a single control device.

Modified circidt

The modified circuit of Figs. 2 through 3§, like the cir-
cuit of Fig. 1, is a variable volume, variable pressure
system. -

A principal difference in the modified circuit resides
in the provision of an adjustable flow rate orifice in the
pump discharge line which is incorporated in the direc-
tional valve for controlling operation of the propelling
motors. In the previously described circuit of Fig. 1
the adjustable orifice is completely separate and apart
from the directional valves, and although adjustable by
a control member also utilized to control operation of
the directional valves, a separate movement of the con-
trol member is required to adjust the variable orifice
differing from the movement of the control member to
adjust the directional valves.

In the modified circuit of Figs. 2-5, wherein the ad-
justable orifice is made a part of the directional valve,
the orifice opening and the directional valve opening are
both controlled by =a single valve member. Thus, as the
directional valve is opened, the orifice is opened propor-
tionately, to automatically increase the pump ouiput in
conformity with the position of the directional valve
stem and control handle.

Also, in the modified circuit of Figs. 2-5, means is
provided to vary the prime mover engine speed auto-
matically in response to variations in the fluid pressure
in the pump discharge line. In the system of Fig. 1,
engine speed is controlled manually with adjustment of
the variable orifice. With automatic control of the
engine speed as in the circuit of Figs. 2-5, the speed
varies with the load on the system.

Another important advantage in the system of Figs.
2-5 resides in the provision of makeup valve means and
makeup porting in the directional valve stem which
function when the directional valve is positioned in neu-
tral to provide makeup fluid, replacing leakage, to main-
tain the braking circuit charged with fluid. .

A principal advantage of a variable volume, variable
pressure system of the type shown in all the drawings is
that it provides a most efficient means of propelling a
lift truck or the like, because the system provides op-
erating fluid only at a rate and a pressure required for
any given operating condition. While variable volume,
variable pressure systems can be utilized for obtaining
other functions than propelling, precise and independent
control of the speed of several operations at once is dif-
ficult to obtain. The modified circuit of Figs. 2-5 ad-
vantageously includes only propelling motors, with no
reach or lift motors for operating a lift fork or the like
included in the system. B
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Thus, the modified circuit illustrated in Figs. 2 through
5 embodies principles similar to those incorporated in
‘the system of Fig. 1, and also includes some features
‘which differ from the system of Fig. 1. Elements of the
‘modified system which correspond to the system of Fig.
fli have been given similar reference numbers with a suf-

X i&x.”

Generally, the system of Fig. 2 includes the variable dis-
placement propelling motors 1¢8x and 11x adapted to be
connected to the driving wheels of a lift truck or the like, a
variable displacement pump 15x for supplying operating
fluid from a reservoir 16x, and connected to be driven by
a prime mover 17x, all of which may be identical with the

corresponding elements in the system of Fig. 1. The flow
‘of operating fluid under pressure from the pump 15x
through a delivery line 21x to the propelling motors is con-
trolled by a directional valve 18x. -
" Operation of the variable displacement pump 15x is
controlled by a displacement control valve 23x and an
over pressure relief valve 24x which may be identical re-
‘spectively in construction and operation with the control
valve 23 and the over pressure relief valve 24 illustrated
in Fig. 1. ’

As in Fig. 1, the directional valve 18x includes braking
valving to restrict the flow.of fiuid from the propelling
motors when the valve is positioned in neutral, as illus-
trated in Fig. 2. The system of Fig. 2 includes a braking
‘relief valve 26x which may be identical with the braking

relief valve means 26 in Fig. 1, for operation in conjunc- .

‘fion with the braking valving referred to to maintain
‘pressure on the braking circuit and to port braking fluid
from the motor outlets to the motor inlets. The system
-of Fig. 2 includes automatic brake valve means 29x simi-
lar to the brake valve 29 in the system of Fig. 1, except
that the stem groove 143x in Fig. 2 is tapered, as illus-
trated, to provide a gradual cut off at the port 123x.
The system of Fig. 2 includes an automatic torque
‘multiplication valve 31x similar to the valve means 31 in
Fig. 1, for controlling the displacement of the propelling
motors 10x and 11x to automatically increase the torque
output of the motors and vary their speed inversely in
‘response to pressure rises in the system due to increased
‘load on the motors. In the system of Fig. 2, the torque
valve is subjected to pressure fluid at the port 167x ahead
‘of the variable orifice 22x, instead of downstream from
“the orifice as in Fig. 1. This difference is, of little sig-
‘nificance, however, since the pressure above and below
‘the variable orifice is substantially the same when the
crifice is fully opened, and it is only when the orifice is
opened that the torque valve is intended to function.
_ Before describing the operation of the system of Figs.
2-5, a description of the directional valve 18x will be
given. .
. As seen in Fig. 2, the directional valve 18x includes a
_valve body 233 formed with a longitudinally extending
“valve bore 234 having a valve stem 235 slidable therein in
opposite directions from the neutral center position il-
‘lustrated in Fig. 2 to operative positions for obtaining
“operation of the propelling motors forwardly and re-
versely. 'The valve body 233 is formed with an inlet port

“236 which is connected to the pressure conduit 21x and -

"which opens into an internal annular inlet groove 237.
Further, the valve body is formed with a pair of pressure
“ports 238 and 239 connected by a conduit 240 which may,
-if desired, be within the valve body 233.. Motor ports 241
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250, 251, 252, and 253, Movement of the valve stem 235
is obtained by means of a manually operable lever 255
pivotally mounted on the valve body and having a suit-
able pin and slot connection with the valve stem.
The variable orifice 22x is formed in the system of Fig.
2 by means incorporated in the directional valve 18x in-

_cluding the valve inlet groove 237 and the central valve

land 247 which is tapered at opposite ends in order to ob-
tain 'a gradual opening and closing of the orifice. When
the valve stem 235 is positioned as illustrated in Fig. 2,
the orifice 22x is completely closed, there is no flow to the
propelling motors, and the pressure upstream from the
orifice builds up to a value considerably greater than that
in the conduit 24@ downstream of the orifice, and the up-
stream pressure is sufficient to move the control valve 23x
to the position illustrated in Fig. 2 wherein the valve con-
nects the pump control conduit 67x to drain and the pump
assumes a minimum displacement operation.

In the system of Fig. 2, braking on slow down and

"while the truck is parked in meutral on an incline occurs

in much the same manner as in the system of Fig. 1. With
the valve stem 235 in neutral, as illustrated in Fig. 2, the
‘motor ports 241 and 242 are blocked by the valve lands
249 and 248 so that there is no flow to or from the motor.
If the valve stem is moved to the neutral position from an
operating position to slow the truck down to a stop, or if
the truck is parked in neutral on an incline, the motors
10x and 11x will tend to turn and to function as pumps.
However, as illustrated, the motors pump against the
closed directional valve 18x, and the latter thus functions
to brake the motors. On continued rotation of the motors,
‘braking fluid is pumped through one of the braking relief
valves 138x or 132x, depending on the direction of rota-

tion, in the manner described in connection with the de-

scription of the system of Fig. 1. The braking relief valve
means functions to maintain pressure on the braking fluid

‘in the motor outlet lines, to relieve this pressure to the
‘motor inlet lines, thereby providing a braking circuit and

maintaining the circuit charged with fluid.

During the braking operation described, it may be
necessary to charge the braking circuit with makeup fluid
because of leakage which may tend to dissipate the brak-

ing fluid. To this end, makeup valve méans 230 is pro-.

vided to deliver makeup fluid from the pump delivery line

“to the braking circuit. The makeup valve means 230 com-

prises a valve body 260 having a pair of spring pressed ball

. “check valves 261 and 262. Fluid is conducted to the
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“and 242 lead from the valve bore, the former connected * -

“with the motor conduit. 118x for conducting fluid under
pressure to the motors to obtain forward operation, and
“the latter connected to conduit 117x for conducting fluid
“under pressure to the motors for reverse operation.  Drain

10

"ports 243 and 244 are connected by a drain conduit 245 - .

“ which in turn leads to the inlet port 123z of the automatic
“braking valve 29x. . ‘

" | Thevalve stem 235 is formed with a centrally disposed
‘jand 247, spaced lands 248 and 249, and stem grooves

5

“check valves through a conduit 263. The check valve 261
‘delivers makeup fluid to a conduit 264 and thence to the
‘motor conduit 117x. The makeup valve 262 delivers fluid
“to a conduit 265 and thence to the motor conduit 118x.

During braking, when the motors 10 and 11 are
rotated forwardly, fluid is drawn in through the conduit

“118x and discharged through the conduit 117x. Under
“these.conditions, the pressure of fluid in the conduit 117x

maintains the check valve 261 closed. In the event the

‘braking circuit requires makeup fluid, the reduced pres-

sure in the conduit 118x is sufficient to permit opening of

“the check valve 262 by the pressure of fluid in the condnit

263, to thereby deliver makeup fluid to the intake line
118x. During braking operation, when the motors 10x
and 11x tend to rotate reversely, the check valve 262 will

‘be held closed, and the check valve 261 will function to

supply makeup fluid.
. Makeup fluid is supplied to the makeup valve means 230

-when the valve stem 235 is positioned in neutral through
"passages provided through the directional valve 18x.

The makeup passages include the valve inlet port 236,

“the valve inlet groove 237, radial passages 266 in the

valve stem 235, an axial passage 267 in the valve stem,

_radial passages 268 in the valve stem, and the conduit 263.

Forward operation of the propelling motors is obtained

" by movement of the valve stem 235 to the right from the

neutral center position illustrated in Fig. 2 to the position
liostrated in Fig. 3. When fhe valve stem is positioned
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‘Tod is connected fo the carburetor lever . 92x.
‘is ‘biased to a ‘normal engine idle -speed position-by -a
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as illustrated in Fig, 3, the variable orifice 22x is opened
to increase the rate of flow through the pump delivery
line 21x. Fluid flows through the valve inlet port 236,
the adjustable orifice 22x, stem groove 250, valve outlet
port 238, conduit 240, valve port 239, stem groove 251,
and motor port 241 to conduit 118x to obtain forward
operation of the propelling motors,

At the same time, the pressure drop across the variable

orifice 22x is reduced substantially, and the pressure of
fluid in the conduit 240, through a conduit 270 is suffi-
cient to cause movement of the pump displacement con-
trol valve 23x to the position illustrated in Fig. 3, where-
in pressure fluid flows through the valve 23x, through the
over pressure relief valve 24x and to the pump control
conduit 67x to ificrease the pump displacement in direct
proportion to the flow rate through the adjustable orifice.

Also, fluid under pressure in the conduit 240 flows into
a conduit 271 to the upper end of the over pressure relief
valve 24x so that in the event of an excessively high pres-
sure rise in the system, the over pressure relief valve will
operate as previously described to connect the control
conduit 67x to drain conduit 79x and reduce the pump
displacement.

Fluid under pressure from the conduit 24¢ also flows
through the valve body 233 to a conduit 272 and the port
145x in the antomatic braking valve 29x to effect- move-
ment of the valve member 142x from the position illus-
trated in Fig. 2 to the position illustrated in Fig. 3. In
the latter position, the stem groove 143x connects the
drain ports 123x and 124x to permit the flow of fluid from
the propelling motors to drain.

_ When the directional valve 18x and the adjustable ori-
fice 22x are opened widely as illustrated in Fig. 3, the
propelling motors 10x and 11x are operated at full speed
in a forward direction with the various parts of the system
positioned as illustrated in Fig. 3.

In the event that the propelling motors tend to overrun
at a speed requiring a greater flow than that provided
by the pump, as, for example, when the lift truck en-
counters a downward incline, the pressure of fluid in the
pump delivery line 21x will drop due to the pumping
action of the motors. A similar pressure drop occurs in
the conduit 272, permitting the spring 144x in the auto-
matic braking valve 29x to return the valve member 142x
toward the position illustrated in Fig. 4. In this position,
the valve member 142x functions to block the flow of fluid
from the propelling motors to drain, thereby braking the
motors down to a proper speed. Consequently, pressure
in the pump delivery line 21x rises again to open the
braking valve 29x.

If, during operation with the parts positioned as illus-
trated in Fig. 3, the 1ift truck encounters an upward in-
cline, or an obstruction which increases the resistance of
the motors to turn, there will occur a consequent pressure
rise in the pump delivery line 21x causing also a pressure
rise at the pressure port 167x of the torque valve 31x.
Such a pressure rise is effective to cause movement of the
torque valve member 161x from the position illustrated in
Fig. 3 to the position illustrated in Fig. 5. In the latter
position, the drain port 160x is ‘blocked, and the pressure
port 158x is connected to the control port 159x, thus
delivering pressure fluid through the conduit 164x to shift
the control pistons-and the swash plates in the propelling
motors to a maximum displacement position providing
‘a'maximum torque output and a consequent reduction in
speed. The ‘motors therefore respond automatically to
meet the increased resistance to turning. :

At the same time, the speed of the prime mover 17x
is also increased to meet the increased demand. The
engine speed is ‘automatically increased by the means
231 previously referred to in general. This means com-
prises ‘a piston and cylinder device including a- cylinder
275 having a piston. 276 reciprocable therein. The piston
The piston

spring 277. 'On the opposite side of the piston. from the
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spring, the cylinder 275 is connected to the pump delivery
line 21x by the conduit 278. Thus, when the pressure
rises in the pump delivery line, the piston is shifted against
the bias of the spring to a position illustrated in Fig. 5
to increase the flow of fuel to the engine 17x thereby in-
creasing the engine speed and pump speed to meet the
increased demand. After the obstruction or the ramp
encountered by the truck has been negotiated, pressure
will drop in the pump delivery line 21x, and the parts
returned to the position illustrated in Fig. 3. ,

A particular advaniage provided by the system of Figs.
2-5 is derived by incorporating the adjustable orifice 22x
in the directional valve 18x in a manner so that both are
controlled by the single operator lever 255 to open and
close the adjustable orifice and the directional valve at
the same rate. o :

’ Modification of Fig. 6

The modified system illustrated in Fig. 6 15 similar to
those illustrated in Figs. 1 and 2 in that it incorporates
an adjustable orifice for controlling the flow rate and a
pump control for controlling the pump displacement in
a manner to provide a variable volume, variable pressure
system which functions to delivery fluid only at the pres-
sure and flow rate required for a given operation. The
system of Fig. 6 is similar to that of Fig. 2 in that it
includes. only propelling motors 10y and 11y for connec-
tion. with the driving wheels of a lift truck or the like,
without including motors for operating auxiliary equip-
ment, though the latter could be included if desired.

The principal advantage in the system of Fig. 6 not
provided in the other systems is embodied in the pro-
vision of a torque multiplying valve means including, in
addition to an automatic torque valve, a manually op-
erable torque valve which may be utilized fo hold the
propelling motors in maximum displacement, minimum
speed operation to “inch” the vehicle along, thereby en-
abling exact speed control in close quarters regardless .of
the condition of surface traversed by the vehicle.

In describing Fig. 6, parts which correspond to similar
parts-in-the system of Fig. 1 are designated by similar
reference numbers with a suffix “y.” The propelling
motors 18y and 11y may be identical with the reversible,
variable displacement propelling moters 16 and 11 in the
system of Fig. 1. As.illustrated in Fig. 6, the motor hous-
ings include drain conduits 280 and 281 respectively for
conducting leakage fluid from the motor hotisings to. the
drain conduit 182y for return to the reservoir igy.

‘Operating fluid under pressure is supplied to the motors
by.a pump means 15y which may, if desired, be identical
with the variable speed, variable displacement pump. 15
illustrated in Fig. 1. As illustrated, however, the pump
means. 25y of Fig. 6 takes the form of a double unit pump
‘which includes a first -pump section 282 and a -second
pump section 283. The double unit pump draws fluid
from the reservoir 18y through a conduit 41y and de-
livers to a pump delivery conduit 21y. Pump. 15y is of
the variable displacement type in which the axially re-
ciprocable pumping pistons are controlled by variable
angle swash plates 284 and 285 respectively. - The swash
plates .are normally disposed in minimum displacement
positions and may be moved to increased displacement
Jpositions by a control piston 286 reciprocable in a cylin-
der 287 which may be connected to drain or to_pressure

fluid through a conduit 67y and a pump displacement

control valve 23y which may be identical with the control
valve 23 in the system of Fig. 1. The pump 283 is driven
by a drive shaft 288 which may be connected with :a
prime mover similar to that illustrated -at 17 in Fig. 1.
The second pump section may be connected .in a conven-

tional manuer to drive the first.pump section. 282.

Operating fluid under pressure .passes from -the pump
delivery line 21y to a variable orifice 22y, thence to.-a
directional -valve .18y, and from there -to ‘the propélling
motors. A principal distinction in the :system .of Fig.:6
over that of Figs. 1 and 2 resides in the means. which
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forms the variable orifice 22y. The directional valve 18y

in'‘the system of Fig. 6 is identical in most respects with
the directional valve 18 in the system of Fig. 1, and for
this reason will not be described in detail. Operation of
the directional valve 18y in the system of Fig. 6 is ob-
tained in' a manner different from that employed in Fig.
1'in the use of an operating lever 290 which is pivotally
connected directly to the valve stem of the directional
valve and ‘also pivotally interconnected with the valve
stem. of the means forming the orifice 22y. Operation
of these two valves will be described more in detail pres-
ently. =~ '

-Control over the displacement of the pump 18y is ex-
erciséd by the control valve 23y in a manner ‘identical
with the control exercised by the valve 23 in Fig: 1. If
desired, an over pressure relief valve similar to that il-
lustrated at 24 and 24’ in Figs. 1 and 2 respectively may
be utilized in'a similar manner in the unit of Fig. 6.

" The directional valve 18y for controlling the flow of
operating fluid to and from the propelling motors 19y
and 11y, being identical with the directional valve 18 in
the systeri- of Fig. 1, includes valving for braking the
propelling motors on slow down to a stop and when the
truck is parked on an incline in nentral. Accordingly,
the ‘system of Fig. 6 includes braking relief valve means
26y which is equivalent to the braking valve means 26
in: the system of Fig. 1, and includes ‘a braking relief
valve 138y for relieving the pressure of braking fluid in
the ‘conduit 117y and a braking relief valve 139y for re-
lieving the pressure of braking fluid in the conduit 118y.
" Also, the system of Fig. 6 includes an automatic valve
mesdns 29y which is identical with the brake valve 29 in
the system of Fig. 1.

“The system of Fig. 6 incorporates an automatic torque
multiplication valve 31y for controlling the displacement
of ‘the propelling motors which is identical in operation
with the torque valve 31 in the system of Fig. 1. Asil-
lustrated in Fig. 6, however, the automatic torque valve
is incorporated in a combined torque valve means 291
which also incorporates a manually controllable torque
valve generally designated 292.

" The variable orifice 22y in the system of Fig. 6 is
. formed by means including a valve body 295 which is
formed with a valve bore having a slidable valve .stem
296 formed with a centrally located valve land 297 and
stem grooves 298 and 299 on opposite sides of the land.
The land 297 is tapered at opposite ends and cooperates
with a valve inlet groove 300 to form the variable orifice
22y. The valve stem 296 is normally biased by spring
301 to a neutral center position not illustrated wherein the
valve land 297 completely blocks the flow of fluid through
the inlet groove 300. The valve stem 296 is movable by
operation of the control lever 290 which may be utilized
to move the valve stem in opposite directions from the
neutral center position to alternatively connect the inlet
groove with an outlet port 302 through stem groove 299
or to connect the inlet groove 300 to an outlet port 303
through stem groove 298, the latter position being illus-
trated in Fig. 6. In either of the last described two po-
sitions of the valve stem 296, the variable orifice 22y
may be opened by variable amounts to provide a variable
flow rate through the orifice to the inlet ports of the
directional valve 18y.

The springs provided for centering the valve stem 296
and the directional valve stem normally function to main-
tain the operating lever 290 in a substantially upright po-
sition not illustrated. The operating lever may be moved
from the described neutral position to the right, as seen
in Fig. 6, to the position illustrated to cause movement
of the directional valve stem to a position for directing
pressure fluid to the motor conduit Y17y for operating
the ‘propelling motors reversely. -In this case; the valve
stem 296 moves to the right from the neutral center po-
sition, and ‘the directional valve stem moves to the left
from' the neutral center position. Alternatively, the op~
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erating lever 290 may be moved to the left from the neu-:
tral center position described to cause moyvement of the
valve stem 296 to the left from its neutral center Pposition
and to cause movement of the directional valve stem to
the right from its neutral center position to obtain ‘the
delivery of pressure fluid to the motor conduit 118y for-

. driving the propelling motors forwardly. In either of the

operative conditions described, the propelling valve may
be fully opened, and the variable orifice partially or fully
opened under control of a single suitable control, such
as operating lever 290. :

In Fig. 6, the valve stem 296 is positioned to open the
orifice 22y only partly so as to obtain a paitial flow rate
to the motors 10 and 11 to obtain their operation at a low
speed. - . . . ) o

The manually controliable torque valve 292 includes a
valve bore which receives a slidable valve stem 310 hav-
ing a stem groove 311 normally positioned to connect
drain port 312 ad motor port 313, the latter being con-
nected to the motor port 160y in the automatic torque
valve by a passage 314 so that the control pistons of the
propelling motors are connected to drain through stem
groove 163y and drain port 159y to condition the propel-
ling motors for minimum displacement. The valve stem
310 is movable to the position illustrated in Fig. 6 by an
operating lever 315 in which position the stem groove 311
connects the motor port.313 to a pressure port 316. The
pressure port 316 is connected by a passage 317 to a pres-
sure port 158y in the automatic torque valve. Thus,
when the manual torque valve stem is positioned as illus-
trated in Fig. 6, the control pistons of the propelling
motors are connected to pressure fluid through the con-
duit 164y, stem groove 163y, passage 314, stem groove
313, passage 317, port 158y, and pressure conduits 318
and 320 to cause maximum displacement, low speed,
maximum torque operation of the propelling motors un-
der manual control. : .

The manually operable torque control valve 292 may.
be utilized to hold the variable displacement propelling
motors in full displacement, providing the lowest speed
and maximum torque at the truck wheels regardless of
the load. This permits the vehicle to be “inched” along,
and additionally to roll over an obstruction without a re-
duction in speed, the increased load being evident only
in a rise in system pressure. Thus, the operator is en-
abled to maintain exact speed control in close quarters
regardless of the condition of the floor or terrain he is
traveling over. '

We claim: ) .

1. Tn a hydraulic system, at least one hydraulic motor
adapted for connection with a -propelling wheel of a
vehicle, at least one additional hydraulic motor -adapted
for connection with auxiliary: vehicle equipment, a vari-
able displacement pump having a discharge line for de-
livering operating fluid under pressure to the motors, a
variable speed prime mover for driving the pump, separate
valves, one for ‘controlling the flow-of operating fluid to
each motor, a single control member, means for inter-
connecting the control member with the valves, the pump
and the prime mover for conirolling the operation of both
valves, for varying the displacement of the pump, and
for varying the speed of the prime mover. ]

2.-Tn a hydraulic system, at least one hydraulic motor
adapted for connection with a propelling wheel of a vehi-

«cle, at-least one additional hydraulic motor adapted for

connection with auxiliary vehicle equipment, a variable
displacement pump having a discharge line for delivering
operating fluid under pressure to the motors, a variable
speed prime mover for driving the pump, separate valves,
one for controlling the flow of operating fluid to each
motor, a single control  member, and means for -inter-
connecting the control member with the'valves,. the pump
and the prime mover for effecting separate or simultane-
ous operation of the valves and for, either separately or
SMUltangcusly with valve operation, simulfaneously vary-
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ing the pump displacément and thé speéd of the prime
mover. .

3. In a hydraulic system, at least one hydraulic motor
adapted for connection with a propelling wheel of a truck
or the like, at least one hydraulic motor adapted for
connection with auxiliary truck equipment, means provid-
ing a source of operating fluid under pressure, separate
valves, one for controlling the flow of operating flilid to
each motor, éach valve comprising a slidable valve stem,
fluid operable means for effecting movement of one valve
stem, solenoid means for effécting movement of the
other valve stem, control valve means for controlling the
flow of pressure fluid to the fluid operable means, a man-
ually operable control member for actuating the control
valve mieans, and switch means on the control member
connected in circuit with the solenoid means for effecting
operation of latter.

4. In a hydraulic system, at léast one hydraulic motor
adapted for connection with a propelling wheel of a
truck or the like, at least one hydraulic motor adapted
for connection with auxiliary truck equipment, means
providing a source of operating fluid under pressure, sepa-
rate valves, one for controlling the flow of operating
fluid to each motor, each valve comprising a slidable
valve stem, separate fluid operable means, one for effect-
ing movement of each valve stem, séparate control valve
means, one for controlling operation of each fluid oper-
able means, and a manually” operable - control ‘mémber
for actuating the control valve means either separately or
simultaneously.

5. In a hydraulic system, at least one hydraulic motor
adapted for connection with a propelling wheel of &
truck or the like, at least one hydraulic motor adapted
for. connection with auxiliary truck equipment, means
providing a source of operating fluid under pressure, sepa-
rate valves, one for controlling the flow of operating fluid
to-each motor, each valve comprising a slidable valve
stem, separate fluid operatable means; one for effecting
movement .of each valve stem, separate control valve
means, one for ¢ontrolling operation of each fluid oper-
able ‘means, and a manually operable control member
movable in one direction for actuating one control valve
means and movable in anothér direction for actuating the
other control valve means.

6. In a hydraulic system, at least one first hydraulic
motor adapted for connection with a‘propelling wheel of
a truck or the like, a second hydraulic motor adapted for
connection with a truck lift device or the like extending
and ‘retracting the lift devicé, a third hydraulic motor
adapted for connection with a truck lift device raising
and lowering the lift device, means providing a source
of operating fluid under pressure, separaté ‘directional
valves respectively for controlling the flow of operating
fluid to the first, second and third ‘motors, each ‘of said
valves comprising a movable valve stem, separate fluid
operable means, one for effectiz movement of each of two
valve stems, solenoid means for effecting movement ‘Gf
the other valve stem, separate control valve means, oné
for controlling operation of each fluid ‘operable means, a
single ‘manually operable control member for actuating
both control valve means, and switch means on the con-
trol member connected in circuit with the solencid fieans
for effecting operation of the latter.

7. In a hydraulic system for a 1ift truck or the like,
a reversible -hydraulic motor, a pump for supplying oper-
ating ‘fluid under -pressure to the ‘motor, ‘a directional
valve for controlling the flow of pressure fluid to the
motor including a valve stem movable in opposite ‘direc-
tions from a neutral center position to obtain ‘operation
of the motor. in opposite direction, fluid operable ‘means,
one for effecting movement of .the directional valve stem
ineach-direction from the center ‘position, ‘control valves,
cne-for admitting fluid under pressure to each ‘fluid oper-
able *means, -each ‘control valve ‘having a valve stem
normally positioned to connect the associated Huid ‘oper-
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able means to drain and movable to 4 position: cons
niécting the associated fluid operablé meéans to pressure
fliid, an élongated miantially operable coitrol . miember
pivotally mibunted at oné eénd for pivotal movement in
one diréction from a neutral centér position to. actuate:
one confrol valve stem aid for pivotal movement in:
another direction. from the rieutral center position to-
actuate the other control valve stem. = : R

8. In a hydraulic system.for a lift truck or the like
a reversible hydraulic motor, a pump for supplying oper=
ating fluid under pressure to the motor, a variable spéed:
prime movér for diiving the pump, a diréctiohal valve
for controlling the flow of préessure fluid to the motdr
including a valve stem movable in opposite difections:
from 2 neutral center position to obtain operation of the
motor in opposite directions, fluid operable: means, on&
for effecting movement of thé directional valve stem it
each diréction from the center position;. control . valves,
one for admitting floid under presstire to each® Anid
operable means, each control valve having a.valve stem
normally positioned o tontect the associated flnid opér-
able means to drain and movable o a position’ connect:
ing the associated fluid éperable means to pressure fluid,
an elongated manually operablé control member pivotal-
ly mounted at one end for pivotal movement in one di
rection from. 'a neutral center position to actiate one
control valve stem and for pivotal movement in another
direction from the netitfal centér position to actiate the
other control valve stem, iméans mounting the- control
member for rotation manually about its elongated axis,
and means connected to the control ‘member ‘for varying
the speed of the prime mover on rotation of the control
member. ‘ :

9..In a hydraulic system for a lift truck or the like,
a reversible hydraulic motor,- a variable displacement
pump for supplying opetating fluid under. pressure to -the
motor, a directional valve for controlling the flow. of
pressure fluid to the moétor including a valve stem movas
ble in opposite directions from a neutral centér position
to obtain operation of the motor i ‘opposite directions;
fluid operable mieans, one for effecting movement of the
directional valve stem in ‘each direction from- the -cen-
ter position, control-valves, one for adrhitting fluid under
pressure to each fluid operable ‘teans, each-control valve
having a valve stem normally positioned to: connect the
associated fluid operable means to drain and. movable
to ‘a position connecting the -associated fluid - operable
mears to pressure fluid, an elongated manually aperable
control ‘member - pivotally mounted at ome end for
pivotal movemeént in one direction from ‘a nentral center
position to actuate one control valve stem ‘and for pivotal
movement in another direction from the neutral center
Pposition to actuate the -other -control. valve -stem, means
mounting the control -member for rotation manually
about its elongated axis, and means connected to the
control member -for. varying the pump displacement on
rotation of the control member. T

10. In a hydraulic system for a lift truck-'or ‘the like,
a reversible hydraulic motor, a variable displacemment
pump for supplying operating fluid {inder pressiiré Yo ‘the
motor, a variable speed prime mover for driving the
pump, a directional valve for controlling the flow ‘of

pressure fluid to the motor including a valve 'stém mov
able in opposite directions from a néiitral centér ‘position
to obtain operation of the motor in ‘opposite ‘directions,

-flnid -operable means, one for effecting moveément “of the

directional valve stem in each direction from the -cen-
ter position, control valves, one for admitting fluid under
pressure to each fluid operable means; each control vilve
having a valve stern normally positioned ‘to ‘connect :the
‘associated fluid ‘operable means to ‘drain and ‘fhovable
to “a ‘posifion ‘connecting the -associated ‘fliiid operable
‘means to pressure fluid, an elongated. ‘manually ~oper-
able control ‘membeér -pivotally -mounted :at one end for
pivotal movement in-one ‘direction-from -a -neitral -center
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position to actuate one control valve stem and for pivotal
movement in another direction from the neutral center
position to actuate the other control valve stem, means
mounting the control member for rotation manually
about its elongated axis, and means connected with the
control member for varying the speed of the prime
mover and for varying the pump displacement on r0-
tation of the control member. .

- 11. In a hydraulic system for a lift truck or the like,
a pair.of reversible hydraulic motors, a pump for sup-
plying operating fluid under pressure to the motors, a
pair. of . directional valves, one for ‘controlling the flow
of .operating fluid to each motor, each valve including
a directional valve stem movable in opposite direction
from. a- neutral center position to obtain operation of
the associated motor in opposite directions, fluid oper-
able. means, one for effecting movement of one direc-
tional valve stem in each of the opposite directions, con-
trol valves, one for admitting fluid under pressure to
each fluid -operable ‘means, each control valve having a
valve stem normally positioned to connect the associated
fluid operable means to drain and movable to a position
connecting the associated fluid operable means to pres-
sire fluid, an elongated, manually operable control mem-
ber pivotally mounted at one end for pivotal movement
in one direction from a neutral center position to actu-
ate one control valve stem and for pivotal movement
in another direction from the neutral center position to
actitate the other control valve stem, a pair of solenoids,
one for effecting movement of the other- directional
valve stem in each of the opposite directions, and switch
means on the manually operable control member con-
nected in circuit with said solenoids and operable to en-
ergize either solenoid. ’ )

12, In a hydraulic system having a pair of directional
valves, each including a directional valve member mov-
able in opposite directions from a neutral center position,
fluid operable means, one for effecting movement of each
directional valve stem, a pair of control valve means, one
for each fluid operable means, each control valve means
comprising a pair of control valves, one for obtaining
movement of the associated fluid operable means in each
direction, each of said control valves including a control
valve stem normally positioned to connect the associated
fiuid operable means to. drain and movable to a position
connecting the fluid operable means to pressure fluid, a
manually operable control member universally mounted
at one end for pivotal movement in any direction from a
neutral center position, said control valves being arranged
about the axis of the control ‘member with the stems of
the control valves spaced at ninety degree intervals and
with the stems of each contro! valve means at diametrical-
1y opposite positions for actuation respectively on pivotal
‘movement of the control member in opposite directions,
the control member being movable in directions interme-
diate said opposite directions for: effecting simultaneous
actuation of any two. adjacent control valve stems,

13, In a hydraulic system for a lift truck or the like,

a liydraulic motor, a pump for supplying operating fluid
under pressure to the motor, passage means connecting
.the motor inlet arid the pump outlet, a valve in the pas-
sage means for.controlling the rate of flow- of pressure
finid from the pump fo the motor, and means in fluid
‘communication with the passage means for sensing the
rate of flow therethrough and controlling the pump to
vary the pump output with variations in the demand as
determined by operation of the valve thereby to provide
delivery of the fluid at the rate and pressure required for
a given operating condition.

14. The combination of claim 13, wherein the means
-for controlling ‘the pump comprises, means for varying
-the pump displacement, and including means intercon-
necting the sensing means and the displacement varying
means to increase the pump displacement in response to
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increase in the flow rate and to decrease. the pump dis-
placement in response to decrease in the flow rate.

15. In a hydraulic system, a hydraulic motor adapted
for connection with a propelling wheel of a truck or the
like, a variable displacement pump for supplying operat-
ing fluid under pressure to the motor, passage means con-
necting the pump outlet to the motor inlet, a valve in the
passage means for controlling the flow of pressure fluid
from the pump to the motor, an orifice of variable size in
the passage. means between the pump and the motor,
means for varying the size of the orifice opening to vary
the rate of flow therethrough, means for varying the pump
displacement, and means in fluid communication with the
passage means for sensing the pressure drop across the
orifice and controlling the displacement varying means to
increase the pump displacement in response to decreases
in pressure drop across the orifice and to increase the
pump displacement in response to increases in pressure
drop across the orifice. .

16, The combination of claim 15, including a single
control member for operating the valve for the motor and
for varying the size of the orifice opening.

'17. The combination of claim 15, including means for
simultaneously opening the valve and increasing the size
of the variable orifice opening. .

18. In a hydraulic system, a hydraulic motor adapted
for connection with a propelling wheel of a truck or the
like, a variable displacement pump having a discharge
line for supplying operating fluid under pressure from the
purp to the motor, a directional valve for controlling the
flow of pressure fluid from the pump to the motor, an ori-
fice of variable size in the pump discharge line between
the pump and the valve, means for varying the size of the
orifice opening as the demand on the system varies, fluid
operable means-for varying the pump displacement, means
normally biasing the displacement varying means to a
minimum displacement position, a control valve for con-
trolling the flow of fluid to and from the displacement
varying means, said control valve being responsive to
increases in pressure drop across the orifice to connect the
displacement varying means to drain to thereby decrease
pump displacement, and being responsive to decreases in
pressure drop across the orifices to connect the displace-
ment varying means to pressure fluid to thereby increase
pump- displacement. .

19. The combination of claim 18, including an over
pressure relief valve connected between said control valve
and. the displacement varying means normally positioned
to permit the flow of fluid between the control valve and
the displacement varying means, said over pressure relief
valve being responsive to predetermined excessively high
pressure. in the pump discharge line between said orifice
and the directional valve to connect the displacement
varying means to drain. o o

20. In a hydraulic system, a hydraulic motor adapted
for connection with a propelling wheel of a truck or the
like, a variable displacement pump having a delivery line
for supplying operating fluid under pressure, a directional
valve for controlling the fiow of pressure fluid from the
delivery line to the motor, an orifice of adjustable size
in the pump delivery line between the pump and the direc-
tional valve, means for varying the size of the adjustable
orifice to vary the rate of flow from the pump to the valve,
a common actuator for the directional valve and for the
orifice adjusting means operable to open and close the
directional valve to permit and prevent the flow of pres-
sure fluid from the pump to the motor and operable to
increase and decrease the orifice size to control the rate
of flow to the directional valve, and means responsive o
the pressure drop across the adjustable orifice to increase
the pump displacement.on decreases in said pressure drop
when the orifice size is increased to increase the flow
rate and to decrease the pump displacement on increases
in said pressure drop when the orifice size is decreased to
decrease the flow rate. T e T
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. 2l. The combination of claim 20, including means for
varying the displacement of the motor normally disposed
in a minimum displacement, high spéed, low forque posi-
tion, and means for sensing the load on the motor to
move the displacement varying means to increase the
motor displacement to a low speed, high torgie value in
response to increases in the load on the motor. .

22. The combination of claim 20, including fluid op-
erable means for varying the displacement of the motor,
normally disposed in a minimum displacement, high
speed, low torque position, torque valve means pormally
‘positioned to connect the fluid operable motor displace-
ment varying means to drain and operable to connect the
fluid operable motor displacement varying means to pres-
sure fluid to effect movement thereof to a maximum dis-
placement, low speed, high torque position. )

23. The combination of ¢lajim 22, wherein the torque
valve means comprises 2 manually operable valve mov-
able from a normal position to a position for delivering
pressure fliid from the pump discharge line to the fluid
operable motor displacement -varying means, said torque
valve being manually opefable ‘at will to increase or de-
crease the speed of the motor and simultanedusly vary
the torque output of the motor inversely.. o

24. The combination of claim 22, whérein the torque
valve means comprises 2 valye normally biased to a posi-
tion connecting the fluid operable motor displacement
varying means to drain and responsive to increased pres-
sure in the pump delivery line as a result of increased
resistance of the motor to turn, to connect the displace-
ment varying means to the pump delivery line to cause
movement of the displacement varying means to a maxi-
mum displacement, low speed, high torque position, ,
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25. The combination of claim 20, including braking ..

valving on said directional valve positionable to Testrict
the flow of fluid from the motor when the directional
valve is positioned to block the flow of fluid from the
pump to the motor, thereby to brake the truck on slow-
down and when parked on an incline.

26. The combination of claim 20, including a braking
valve subjected to pressure fluid in the pump delivery line
and positioned thereby to connect the motor outlet to
drain, means biasing the braking valve to a position re-
stricting the flow of fluid from the motor to drain, said
braking valve being operable by said biasing means, upon
a drop in pressure of fluid in the pump delivery line
whenever the motor tends to overrun at a speed requiring
more flow than that provided by the pump, to restrict the
flow of fluid from the motor to brake the truck.

27. In a hydraulic system, a hydraulic motor adapted
for connection with a propelling wheel of a truck or the

like, a variable displacement pump having a delivery line-

for supplying operating fluid under pressure, a directional
valve for controlling the flow of pressure fluid from the
delivery line to the motor, fluid operable means for effect-
ing operation of the directional valve, a control valve for
controlling the operation of the fluid operable means,
means forming an crifice of adjustable size in the pump
delivery line between the pump and the directional valve
including an annular valve seat and a needle valve mem-
ber threadably mounted for adjustment relative to the
annular valve seat to vary the size of the orifice to vary
the rate of flow from the pump to the directional valve,
a manually operable control member pivotally mounted
at one end for pivotal movement to actuate said control
valve, means mounting the control member for rotation
manually about its axis, means connecting the control
member and the needle valve member to adjust the latter
relative to the annular valve seat on rotation of the con-
trol member, and means responsive to the pressure drop
across the adjustable orifice to vary the pump displace-
ment directly with variations in the flow rate through the
orifice.

28. In a hydraulic system, a hydraulic motor adapted
for connection with a propelling wheel of a truck or the
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ria ng a delivery Iing
for supplying operating flnid under pressure; a- irectional
valve for controlling the flow of pressure fluid from the
delivery line to the motor, including a reciprocal direction-
al valve movable in opposite directions from a neutral
center position, means forming an adjustable orifice in the
pump delivery line between the pump and the directional
valve including a control valve member movable in
opposite directions from a -neutral center position for
varying the size of the adjustable orifice to vary the rate
of flow from the puimp 16 the directional vilve, 2 ‘marnual-
ly operable actuator pivotally connected to both valve
members and pivotdble in opposite directions from &
nenfral centér position to move the directional valve
member in opposite directions and to vary the size of the
adjustable orifice, and mieans responsive to the pressure
drop across the adjustable orifice.to vary thi _pump dis-
placement directly with variations in the fiow rate through
the orifice. ...~ =~ L
. 29. In a hydraulic system, a hydraulic motor adapted
for connection with a propelling wheel of ‘a truck or the
like, a variable displacement pump having a delivery line
for supplying operating fluid under pressure, directional
valve means including a valve stem movable in opposite
directions from a neitral cénter position and having
valving, thereon for controlling the flow of pressure fluid
from the délivéry line to the motor, means formirg an
orifice of adjustable size in the pump delivery line betwéen
the pump and said valvifig including additional valving
on said stein movable with said stem for varying the size
of the adjustable orifice to vary the rate of flow from the
pump to the miotor, means, for effecting moveinient of
the valve stem, and means responsive fo the pressure drop
across. the adjustable orifice to vary the pump displace-
mient directly with variations in the flow rate fhroiigh
the orifice.

30. In a hydraulic system, a hydraulic motor adapted
for connection with a propelling wheel of a truck or the
like, a hydraulic motor adapted for connection with aux-
iliary truck equipment, a pump for supplying operating
fluid under pressure, & variable speed prime mover for
driving the pump, separate valves one for controlling the
flow of operating fluid to each motor, each valve having
a movable valve member, separate finid operable means
one for effecting movement of each movable valve mem-
ber, separate control valve means one for controlling
operation of each fluid operable means, a pivoted control
lever selectively movable in one direction for actuating
one control valve means and in another direction for ac-
tuating the other control valve means, means mounting
the control lever for rotation about its elongated axis,
and means for varying the speed of the prime mover on
rotation of the control member.

31. In a hydraulic system, a hydraulic motor adapted
for connection with a propelling wheel of a truck or the
like, a hydraulic motor adapted for connection with aux-
iliary truck equipment, a variable displacement pump for
supplying operating fluid under pressure, separate valves
one for controlling the flow of operating fluid to each
motor, each valve having a movable valve member, sep-
arate fluid operable means one for effecting movement of
each movable valve member, separate control valve means
one for controlling operation of each fiuid operable
means, a pivoted control member selectively movable in
one direction for actuating one control valve means and
in another direction for actuating the other control valve
means, means mounting the control member for rotation
about its elongated axis, and means for varying the pump
displacement on rotation of the control member.

32. In a hydraulic system, at least one hydraulic motor
adapted for connection with a propelling wheel of a
vehicle, at least one additional hydraulic motor adapted
for- connection with auxiliary vehicle equipment, a pump
in fluid communication with the motors for delivering
operating fluid under pressure thereto, a variable speed

like, & variable displadément pump havis
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prime. mover for driving the pump, -separate directional
valves, one for controlling the flow of operating fluid
to each motor, a single elongate control member mounted
for universal pivotal movement and for rotation about its
elongate axis separately or simultaneously, and means for
mterconnectmg the control member with the valves and
the prime mover for effecting operation of both valves
either separately or smultaneously on pivotal movement
of the member and for varying the speed of the prime
mover on rotation of the member.

33. In a hydraulic system, at least one hydrauhc motor
adapted for connection with a -propelling wheel of a
vehicle, at Iéast one additional hydraulic motor adapted
for connection with auxiliary vehicle equipment, a vari-
able dlsplacement pump having a discharge line for deliv-
ering operatlng fluid under pressure to the motors, sepa-
rate reversing diréctional -valves, one for controlling. the
flow of operating fluid to each motor, a single control
member mounted for universal pivo'tal movement and
for rotation about its eclongate axis separately or simul-
taneously, and means for interconnecting the control
member with the valves and the pump for effecting opera-
tion of both valves either separately or simultaneously
and in either direction on pivetal movement of the mem-
ber and for varying the displacement of the pump on
rotation of the member.

" 34. In a hydraulic system for mobile ‘equipment, a
hydraulic motor, a pump in fluid communication with
the motor for delivering operatmg fluid under pressure
thereto, a variable speed prime mover for driving the
pump, a valve for controlling the flow of operating fluid
to the motor, a single elongate control member mounted
for rotary movement about its elongate axis and for
plvotal movement separately or 51mu1taneously abouit an
axis transverse to the rotary axis, and means intercon-
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necting the control member with the valve and the prime
mover for effecting operation of the valve on one of said
member movements and for wvarying the speed of the
prime mover on the other of said movements. )

35. In a hydraulic system for mobile equipment, a
hydraulic motor, a variable displacement pump in fluid
communication with the motor for supplying operating
fluid: under pressure thereto, a reversing directional valve
for controlling the flow of operating fluid to the motor,
and. a single elongate control member mounted for rotary
movement about its elongate axis and for pivotal move-
ment separately or simultaneously about an axis trans-
verse to the rotary axis, and means interconnecting the
confrol member with the valve and the pump for effect-
ing operation of the valve in either direction on one of
said member movements and for warying the displace-
ment of the pump on- the other of said member
movements. .
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