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3 Clalms. (Cl 60—--53)

; This -invention- relates o lift trucks and .more:par-

'ucularly :to -lift- trucks: having - hydraulic: drlves -as well
-as hydraulic lifting. apparatus:
. »One -of: the objects -of . this “invention-is to prov1de a
shydratilic: drive system for:a dJift .truck :‘which xeplaces
the usual drive system utlhzmg gears and’ friction
ssclutches.,

~Another object of th1s invention is to’ provide ~a:hy- -

~draulic drive for a lift truck which has directional,:speed
-;and creeping control obtiined by valves in a fluid. system.
s A-still further -object “of thé:invention’ is ‘to. prov1de
a-hydranlic drive for :lift trucks in - which - automatic
=speed - shifting -based upon: torque requlrements -at the
motor output shaft is obtaned.
~‘Another. objectof -this .invention:is-to:provide:a hy-
drauhc drive-for -a.lift truck which has a-.manual over-
sride- for .an automatic -speed -shifting- system ‘based -on
-torque’ requirément at the motor-output: shaft. .

.- Another. important .object :of the invention :is: to- pro- :

vide a hydraulic drive system for a lift:truck .in:which a
,plurahty of “pumps - driven by the motor -is: used; - the
ipumps bemg operated singly-or in- combination -to -0b-
~tain various speeds and. output torques-as requlred by
{the.demand on the [ift-truck.
1 This -invention, contemplates “the: use- of a: pump of
_-conventional’ design ‘which opérates: to- deliver- oil under
pressure whenever the lift truck-engine:is-running. This

;pump supplies-oil under -pressure to.--a -motor ~which is - .

<connected to-the lift truck drive mechanism. ‘The-pump
-is:sized to .provide sufficient oil for:low-speed operation
sat a.high torque requirement .or: for conditions where low
2speed sis: desired in-maneuvering:-the -vehicle. - Aisecond

~pump-is actomatically incorporated in:the -system-when -

=higher speed is-desired requiring -a Jddrger supply of oil
~ 7to:the .motor. ~When-the motor -speed - is -no -longer-.re-
~quired- a .second.:pump is unloaded - and the first pump
-maintains-the ;pressure in‘the-system. A-third 'pump is
:dutomatically -loaded for supplying:additional oil -to the

motor when high speed -operation- of “the vehlcle is re- -

~quired.

_ “The combined. displacement -of :the three pumps is
:equal-to-the displacement of'the motor thereby- producmg
:a-motor :shaft speed equal:to-the-lift truck engme speed
zin"the-high speed range.

‘The ‘hydraulic lift -system s connected 10 the -pumps
~utilized for driving purposes .thereby avordmg ‘duplica-
-tion- and - 1ncreasmg the -overall - efficiency. ‘of .the truck.
~Sufficient -capacity is:-available for -operating: the*lifting
cylmder «<in ‘the :speed ranges-other ‘than-the high: speed
range :since -there -would -be ‘the capacity of at least .one
spump - available :for :operating the lift -and two pumps
-available -for -producing motion®of the -vehicle. By util-
sizing-ithis ;pumping arrangement :certain-‘advantages -of
sspace requirements ‘are obtained by :locating .the pumps
24t the trear <of -the -engine and thereby ‘eliminating .the
punlpmsually Jocated at the fan énd of ‘the engine. “This
‘inva;; shorter dr1ve unit and ‘frees space “which:may
“be- ‘asedl For additional counterwelght “or -othiér: pirposes.

2
The control of ‘the system:is -based ‘generally on -main-
~t’am1ng a’ predetermitied.-pressure - in ‘the supply system.

“Hf the speed:of:the vehicle which: is teflected in the dis-

placement ‘of -the-motor is greater than:the: displacement
5 -‘of the pump which is-in-operation, ;the supply pressiire

-iwould -be-low sand -thus  actuate’ a ‘cortrol valve which

would cause another pump to -begin operating -and -re-

wstore the supply-pressure to -normal. Since this' control

+is ‘dutomatic, the. operator ‘of -the vehicle is relieved of

10+=the-necessity of manual control .of the: number of pumps
'whrch are-operating. ‘However, manual override .of :the

“dutomatic control ‘is provided -when. it is -desired:.to
“operate ‘the drive with one pump only even-though- the
atgrque reqmremen_t is low.

“Acéordingly, it ‘is an important object -of this “in-
yention to: provide a lift fruck having a hydraulic:drive
wandélift system wherein a plurality of pumps are- avail-
sablefor ‘operating both the lift and -the drive system-in-
dmdually or: simultaneously ' as' required by -the operat-

20 ing conditions.

ZA further ‘important object - of - this .invention is to
-provrde a- combination drive elevator actuating system
“foria: lift “truek “which. provides : greater heat radiating
capamty which results from circulation of the oil-through
252 ‘portion of the system whrch is not being operated-to

capamty

Another obJect of -this mventlon is to provide a power

15

A ’l'ft truck ‘greater e‘ﬁcwncy bemg achieved -by::mak-
30 :iig the peak capacity ‘available toeither system.

Other objects and advantages, :more or ‘less ancillary
to the foregoing, and the manaer in which all the various
‘objects are realized will appear in ‘the following .descrip-

_ ~tion,* which, .considered in connection with the accom-
39?pa"n'ying drawings, ‘sets forth the preferred embodiment
-.of the:invention. .
_“Referring -to the drawings: S :
IFig.-1-is an elevational view. of a lift truck utilizing
“the- invention disclosed herein; .o !
¢Fig.. 2 is ‘atschematic diagram of the hydraulic drive
system in-neutral- condition;
Fig. 3 is a schematic diagram of the hydrauhc drive
system in forward condition;
Fig. "4 is a schematic diagram of -the “hydraulic drlve
45 “system ° in/the reversed condition,

Fig. 4q s a*detailed showing of an-alternative arrange-
-ment employing means for unloading one of the pumps
-in'the: ‘pressure sensing valve; ‘and

:Fig. 5 :is a-schematic diagram of the hydraulic drxve

50 - system in:forward creep condition.

“The ipréferted embodiment of my :invention utlllzes a
conventional gear type hydranlic pump 10 which -is
‘mounted on the rearend of a lift truck engine 12. Pump
310 is. directly connected to the'drive shaft ‘of the en-

55 - gine 12 ‘and rotates therewith to deliver. hydraulic fiuid
‘inder “pressure ‘whenever the engine is -operating. A
second pump 14 is connected in tandem with pump 10
satid s of - the" unloadmg type, for example, and as well
{known ‘in ‘the ‘pump -art, the unloading may be ‘accom-

60 - phshed by: mamtamlng the wear plate behind one of the
‘geais in’'the pumping - ‘position, and by utilizing ‘an inde-
“pendent’ hydraulic pressure control, the wear plate ‘may
ibe: pioved -toward and ‘away. from its ‘gear to accomplish
“the loadmg and unloading thereof.. "A third :pump, 16

65 ‘is 'diiven in ‘tandem with pumps 20 and 14 ‘and ‘has
the ¢ontrol characterlstlcs of pump 14.

“The ‘hydraalic system is divided to accomplish certain
‘requirements of “the :lift truck. ‘The elevating apparatus
-utilizes- at Jleast ‘one cylmder 18 for activating the mast

70 carrrage and ‘accessories mounted ‘thereon. A reservoir
20 s connected through a 4-way valve 22 to the-cylindér
38 dnd fonctiotis ‘as a surip for receiving.-the fluid from

40
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the cylinders 18 and supplying the pumps 10, 14 and 16.
A reservoir 20 is connected by a conduit 24 to a filter
26 which prevents the accumulation of foreign matter in
the hydraulic system. A conduit 28 connects the filter 26
and the reservoir 20 to a second reservoir 30 which func-
tions as the main reservoir for the drive system and the
pumps 10, 14 and 16. A supply line 32 connects the
reservoir 30 with the inlet connection 34 for pump 10,

the inlet connection 36 for pump 14, and the inlet con- .

nection 38 for pump 16.

Oil discharged from pump 10 through conduit 40 to
a main control valve 42 and is connected to .port 44
therein. The oil discharge from the pump 14 passes
through conduit 46 to the 4-way valve 22 which has a
high pressure carryover which allows the passage of fluid
-therethrough to conduit 48 which is connected through
line 50 to a port 52, in the valve 42. 'The oil discharged
from pump 16 passes through conduit 54 to check valve
56 and conduit 50 to port 52. It can be readily seen
that the capacity of pump 10 is available at port 44 and
the combined capacities of pumps 14 and 16 is available
at port 52 when the elevating apparatus 1s not being
operated.

A return line 58 connecting to the reservoir 30 opens
into a port 60 in the valve 42. A passage 62 from the
port 52 connects through a check valve 64, a passage 66
and a relief valve 68 to the return line 58. A passage
70 connects the port 44 to the passage 66 between the
check valve 64 and the relief valve 68. The relief valve
.68 prevents over-pressure in the system and the check
valve 64 prevents short-circuiting of the hydraulic fluid
under certain operating conditions. A passage 72 con-
nects the port 74 in the valve 42 to the passage 66 which
-is 'the low pressure manifold connecting ports 44, 52
-and 74. ) '

A reversible hydraulic motor 76 has its output shaft

connected to the differential in the driving axle of the
lift truck. The hydraulic fluid for operation in the motor
76 is conducted thereto through a conduit 78 which opens
into port 80 in valve 42, A teturn conduit 82 connects
the:motor. 76 to port 84 in valve 42. It is'noted that
the flow through conduits 78 and 82 may be reversed by
operation of the ¢ontrol valve 42 so that conduit 78 may
be either the inlet or the outlet to the motor 76, and
conduit 82 may also be elther the inlet or the outlet to
the motor 76.
- A plunger 86 is rec1procab1e to various positions in
valve 42 to selectively direct a desired proportion of fluid
from the pumps to motor 76 and to direct the remaining
proportion of flnid to reservoir 30 through channels by-
passing the motor. A plunger 86 is positioned by link-
age which is attached to a foot pedal 88 which functions
as the manual device operable by the driver of the
vehicle to effect the desired change in speed or direction
thefeof.

In Figure 2 the plunger 86 is shown in the neutral
position wherein lands 90 and 92 are located in the

bypass ports 52 and 44 and away from the walls thereof -

to allow free fluid flow therein and a shoulder 91 of
plunger 86 is disposed to prevent flow of fluid beyond a
bypass port 93. In this position of the plunger, free
fluid flow is allowed between ports 44, 52 and bypass 93
-into -a conduit 96, communicating with port 93, and
thence to conduit 58 to the reservoir 30, thus making. it
impossible to build up any pressure to cause the hydraulic
motor 76 to operate. Under the circumstances -no fluid
is pumped into or from ports 80, 84 and 74. In Figure
.3-the plunger is shown in the forward drive position -at
which point the hydraulic fluid from the outlets of re-
-spective pumps 10, 14 and 16 is directed through line
40 to port 44 on the one hand, line 46, valve 22 and
lines 48 and 50 to chamber 52 on another hand and
through line 54 valve 56 and line 50 to port 52 on the
-third hand., - Fluid applied at port 44 is restricted from
flow into chamber 52 by land 92 and is. discharged
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through line 70 and in sequence flows from line 70 into
port 74, into port 80 along a reduced portion of plunger
86 between land 94 and a shoulder 95 of plunger 86
confining the fluid through conduit 78 and into motor
76. The fluid is discharged from motor 76 into line 82
and flows into port 84, along a reduced portion of plunger
86 into port 60 between lands 94 and 98 and back to
reservoir 30 through conduit 58.

Automatic speed-control of the vehicle is accornphshed
by a regulating valve 100 which is connected to the pump
output line 40 by a connection 102. The fluid connec-
tion 102 senses the output pressure of the pump 16 and
supplies this pressure to the port 184 in the valve 100.
A plunger 106 is reciprocable in the valve 100 and biased
in one direction by a compression spring 108. Aq ad-
justing screw 118 predetermines the force applied by the
spring 108 to the plunger 106 and allows the valve 100
to be actuated at any desired pressure.. The end of the
plunger 106.at the port 104 has the flow pressure applied
thereto which is balanced against the spring 108. - Ac-

cordingly, when the pressure from the pump discharge

reaches a.high value the plunger 166 moves against the :
spring 108 and opens the valve.

A return line 112 connects the ports 114 and 116 in
the valve 100 to the reservoir 30, The port 118 is con-

.mected -by-‘a line 129 to the pump 16 in such a manner
. that -the. oil ‘'under pressure utilized to actuate the pres-

sure plate of pump:16-.is vented upon opening of the
valve 109..  Accordingly, when the plunger 166 is moved
by high pressure, oil flows through the line 120 to ports
118 and 114 and through the line 112 to the reservoir 30.
‘At this condition the pump 16 ceases to discharge fluid

-and the output pressure falls to a predetermined normal

level.. Since only pumps 10 and 14 are operating, the
available fluid for operating the motor 76 has been re-

- duced- with the result that the motor vehicle speed is also

reduced in proportion.

If the torque requirement is greater at the motor than
the intermediate speed range, the pressure -fransmitted
to-the port 104 would actuate the plunger 122 and valve
100 to connect port 116 to port 124. A compressed

$pring 126 provides a force opposite in direction to the

hydrauhc pressure and this force is adjustable by posx-
tioning the adjusting screw 128.

A manual override control valve section is located
between the port 124 and the line 130 connecting the
valve to the pump 14. A plunger 132 having two oper-

"ating positions allows the operation of the automatic

control in one position and in the other position closes
the communication between port 124 and the line 130,
thus preventing the unloading of pump 14.. When the
automatic control is in effect, pump 14 may be unloaded
and the single pump 16 utilized to furnish the pressure
required for driving the vehicle. Accordingly, the speed
of the vehicle would be one-third that available when all
of the pumps 10, 14 and 16 were loaded.

~ The check valve 56 prevents the return flow of hy-
draulic fluid through pump 16 when the pumps 10 and
14 are delivering fluid' under pressure and pump 16 is
unloaded. - A check valve 64 in line 62 also prevents
short-circuiting of the hydraulic fluid when pump 10 is
the only pump operating to supply pressure to' the motor

-76. - When the vehicle is rolling downgrade and the motor

76 has ‘a displacemént greater than the supply pump
capacity, the deficiency of hydraulic fluid is ‘made up
throu,,h a valve 136 which automatically connects the
reservmr 30 to the motor inlet under such condition.

" When it is desired to reverse the vehicle the plunger
86 in valve 42 is ‘moved to the right as shown in Fig. 4
by the operation of the pedal 88. In this condition the
oil  supplied through line 40 is connected through port
44, passage 70 to port 74. Due to the position of the
plunger port 74 is open to port 84 and the oil is allowed
to flow through the valve to line 82 which becomes the

.pressure supply line to the motor 76, The line 78. fung-



5
trons as; the xeturn Jine from. the motor 76 to port 80 .in
'al,ve . Port 80 is. in.communication with. port, 81.
e to. the st1t10n of the plunger 86, port 81 _being .con-
nected to. .bassage. 96 and return line 58 ‘which ‘conducts

the 011 fro, - the motor 76. to the reservoir 30. The relief

valve 68 ‘protects-the system from excessively. hlgh pres-
«Suzes by having a setting which is slightly lower than the

pump ;10 _is operating. . When the plunger. 86 is

“in motlon ‘the relief valve 68 bypasses oil from line 70
,2to line 58 thus preventing. stalling of the engine. . With
:thrs feature the controls may, be set . for ‘a change i
_dlrectron of travel wrthout first brmgrng the vehicle to
K% top, and further the system ‘may be used for breaklng

- In’ Flg 4 the automatlc controI valve 1s shown with
the plungers}106 and 122 in. thelr actuated pos1tron whrch
uld )i

40.
.of the _pumps is relreved to the reservoir, 30 thus. unload-

ected to. pump 16 communlcates with port 118 port
and return line 112 to. the reservoir 30. Pump 14
onnected through lme 130 and rnanuaI control valve
2, port. 124, port 116 to return line 112.. “With - the
valves set as. shown in .Fig. 4. the vehlcle would be in
Teverse, and in the Tow. speed range _since pumps: 14 and
16 would not be supplying fluid for the operation of the
rnotor 76 since these pumps are relieved as above de-
scribed. ,Reverse ﬁow of ail, from pump: 10 through: the
‘pumps 14 and 16 to the reservoir 30 is, prevented by land
90 and check valve 64 in valve 42 ‘Under these condr—
tr ns fluid apphed to valve 42 at port 44 is. drscharged
‘from the port 44 into. lrnes 70 and 72 into port 74 and
therefrom ﬂows 1nto port. 84 along a reduced portron of
plunger 86 to be apphed through line, 82 to pump 76.in
.2 reverse sense. In, port 44, Jands 99 and 92 restrain
the ﬂurd from flow along plunver 86 and in. ports. 74 and
84 lands 94 and 98 restram the ﬁurd from flow along
the plunger except as to the _space. therebetween The
?h drauhc system controls are; connected to pump, 14 by
Tine 46 ‘When the automatrc speed control unloads both:
p mps ; 14 and 16 there is no_pressure avarlable in_line
Jfor. actuatlon of the hydraulrc system When 1t s
desrred _to operate the l1ft1ng mechanism which is com-
trolled by the 4-way valve 22 the plunger 132 is served
to close the -passage of 011 through line 130 from pump
14 whrch causes the pressure. to bulld up on, the _pressure

medrately begins to function and hloh pressure is avail-
able at the 4-way control valve 22.: When the control
valve 22 is set for actuating the lift. cylinder 18 oil flows
from line 46 through line 23 to the cylinder 18 and ;
returns through ling 25 to.the hydraiulic. system reservoir
20. When. the hydraulic system .reservoir 26 overflows
the o1l is, dlscharged through the -filter 26 to the .drive
reservoir 30, thus cleaning the system fluid. Accordingly,
the. manual..override contrel prevents.the unloading ‘of
‘pump 14 .thereby providing a continuous supply: of fluid
ainder. pressure . for actuation of the-lift mechanism: by the
cylrnder 18.

““During :the. operation .of .a lift truck it is desirable:to
be able to move the vehicle slowly and for short distances *
which is commonly known as creeping. To accomplish
the creeping operation it is necessary to slip a clutch in
the conventional vehicle in order to get a small amount
of movement and still maintain a reasonable degree of
engine speed. Under some conditions a large part of the
operation of the lift truck occurs in this manner with the
result that maintenance of the clutch assemblies becomes
an expensive item. The control system disclosed herein

22917 97

Joaximum pressure, which the engine could ‘develop when

oned to_reverse. the vehlcle while the wvehicle is still .

JIn each 1nstance the pressure on. the pressure plates

Ahe ﬂcontrol is.obtained by . regulatmg the flow, :of: ﬁurd 10
-the motor actuatmg the vehicle. ‘

: o: obtain, ‘maximum . eﬂicrency of: the truck it is neces-
to be able.to. operate ;the elevatmg mechamsm
while.. the vehicle. is- creeping. .Since ‘the controls and
.su ply pumps are 1ndependent for.the vehicle drlve and
- ating. mechanism actuators, the system is particu-
larly. flexible to accomplrsh this purpose In Fxg 5.the
unger :86- of .coritrol. valve 42 is shown in the posrtlon
: Pspondmg to.the.creep condition. - This position. of
~the: plunger 86 is obtained by moving. the control pedal
" 88, away from the, neutral ‘position . toward “the, forward
e. The il drscharged from, pump 16- through line
“nters, the port 44 which is connected throuigh passages

15 .7 and 72 to port 74. The port 74 is now open to port

7 the land .92 only partially. restrrcts the flow. of orl
port 44 to the .return passage. 96 the quantrty of

' rderlto malntarn operatlon of pump 14 for the’

.:«25 sup oly . of. oil- to :the elevating. apparatus during the creep-
: R

.ing operat1on the: automatrc control valve may be pre-

~of the pump 14 Under this condxtlon pump 14 will

30 contrnuously supply. oil “under pressure through llne ‘46

‘to the 4-way valve 22 where.it is available for actuation
of ,hydraullc ‘mechanism 18. The. oil . from pump 14
whrch .passes;, through the .high . ‘pressure carryover and
‘line .48 will enter- port 52 and be. drscharged through

35 passage 96 and .line 58 to the Teservoir. 30. Operatlon

Tof the pump 14; therefore does .not affect the creep.con-
trol charactenstlcs since. no part of the discharge there-
from is directed to the. motor.76.

TAn. alternate form of control. for the pump 14 is shown

-40 in Fig. 4. A plug:134 which is inserted in the valve 100
closes the. c0ndurt 130, thus preventing the ‘unloading of

pump 14 A pipe, plug or.cap 135 prevents the léakage ,
+of hydraulic fluid from the valve 100 after the plug 134~
'has been . inserted. - This plug 134 would .be used when

:45 _the type .of operatlon of the vehicle would make it un-".

desrrable for: pump , 14 'to unload.  The.operator would
not have. the. means of control for changing the means ‘of
operatron for, pump 14, First speed of the vehicle would
+be. obtamed as, previously ‘described,: however, the second )

50 speed. ‘would be obtained by the full forward or.reverse

posmon of .pedal 88. Third speed would still be auto-
_matic in that pump .16 would still unload at.the same
pressure whether or.not the plug is in position.

i Although .the . foregoing is .necessarily of a detailed -

:55 .character, :in. order that the invention may be. ‘completely

“set;forth, it is.to be understood -that the specific termi-
nology is.not. 1ntended to be restrictive-or confining, and- -
“that various. rea.rrangements of .parts and . modifications
Jof, detarl may ‘be_resorted to. without departrng from. the

180 'scope. or spirit of the invention. as herein claimed.

‘What is claimed is:

1. A hydraulrc pump:-motor system comprising a first,
second and third pump, a_power unit to drive the pumps
in:unison,. sard first. pump. having an.inlet: and an outlet

65 isaid. second pump having.an'inlet, an outlet and. an un-
Toading conduit, said third pump havrng an inlet, an out-

let and an unloading conduit, a reservoir, a condurt con-
necting each of said pump inlets to the reservoir, pressure
sensing valve means comprising first and second pressure

70 responsive valves having pressure sensing chambers, said

first pressure responsive valve being connected to the
unloading conduit of said second pump, said second pres-

_sure responsive valve being connected to the unloading

conduit of said third pump, a conduit connecting the

is particularly adapted for the creeping operation since 75 outlet of said first pump to the pressure sensing chamber
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"ofsaid- first and: second pressure responsive valves, a
rotary hydraulic ‘motor having an inlet and an outlet, a
hydraulic lift cylinder, a four-way valve, a conduit con-
necting the outlet of said second pump to said four-way
valve, a conduit connected to said third pump outlet, a
check valve in said last-named conduit, a conduit leading
from said four-way valve connected to the conduit having
the check valve therein, a manually operable control
valve, said conirol valve comprising a valve body havmg
an- ax1a1 bore therein, a plunger mounted for reciproca-
tion in said bore, saJd valve body having a plurality of
axially spaced annular ports opening into said bore, said
plunger having a plurality of spaced lands to open and
close adjacent ports with respect to fluid flow through
the bore, a first port having conduit means connected to
“the outlet of said first pump, a second port adjacent said
first port, means connecting the combined output from
said conduit leading from said four-way valve and the
output of said third pump to said second port, a third
port connected to the inlet of said motor, a fourth port
connected to the outlet of said motor, a fifth port between
-said third and fourth ports, said body having a passage-
way leading from said first and second ports to said fifth
port and a land on the plunger in said fifth port to direct
the fluid flow from said pumps into said fourth port to
drive the motor in one direction or into said third port
to drive the motor in an opposite direction, and conduit
means connecting said third and fourth ports to the reser-
- voir'depending upon the directional drive to the motor.
2. ‘A pump-motor system for hydraulically transmit-
ting power from a plurality of pumps driven in unison
.to a rotary hydraulic motor and to a lift cylinder com-
pnsmg a first ‘pump having an inlet and an outlet, a
‘pressure responsive valve, a manually operated control
valve, said first pump outlet having two branches, a first
“branch leading to said pressure responsive valve and the
“other branch leading to said manually operated control
valve, a second pump having an inlet and an outlet, said
outlet being connected to a four-way valve for said lift
cylinder, said second pump having an unloading outlet
leading to said’ pressure responsive valve, a third pump
fhavmg an outlet and an inlet, said last-named outlet hav-
ing ‘two .branches, one ‘branch leading directly to said
manually operable control valve, said last-named branch
having a check valve therein, and the other branch con-
necting said four-way valve to said one branch at the
closed side of said check valve, a reservoir, said third
pump having an unloadmg conduit leading to said pres-
sure " responsive valve, conduit means connectmg said
pressure” responsive valve and said reservoir, conduit
means connecting the inlets of said pumps and said reser-
voir, said rotary motor having an inlet and an outlet,
said manually operable control valve comprising a valve
"body having an axial bore therein, a plunger reciprocable
in said bore, said bore having a plurality of axially spaced
ports therein surrounding the plunger, said plunger hav-
ing a plurality of spaced lands adapted to open.and close
“said bore with respect to adjacent ports, a first port, con-
nected to‘the said other branch. of said first pump, a
econd port, said valve body having an open passageway
therein leading from said first port to said second port,
said second port being connected to the inlet of said
rotary motor, a third port adjacent said second port, said
third’ port being connected to the outlet of said motor,
a fourth port adjacent said first.port, said one branch of
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said third pump being connected to said fourth port, a
passageway leading from said fourth port to said second
port whereby under low torque at said motor said second
and third pumps supplement the drive from .the first
pump, a land on the plunger between said second and
third ports whereby fluid flow from the first and fourth
ports is directed into either said second port or said third
port to control the direction of rotation of said rotary

‘motor, and conduit means connecting said second.and

third ports to the reservoir depending upon the direction
of rotation of said motor.

3. A hydraulic pump-motor system for transmxttmg
power from a plurality of pumps driven in unison to.a
motor, a reservoir, a first, second and third pump, each
‘of said pumps having an inlet and an outlet, pressure
responsive valve means for unloading said second and
third pumps.to the reservoir, said pressure responsive
valve means including a pressure sensing chamber con-
nected to the outlet of said first pump whereby said
second and third pumps are unloaded in response to a
predetermined high pressure in said sensing chamber and
said pumps are loaded in response to a predetermined
low pressure in said sensing chamber, manually operated
control valve means to direct a portion of the output
from said first pump fo said motor and by-pass the bal-
ance of said output from said first pump to said reser-

“voir, comprising a valve body having an axial bore, a

plunger mounted for reciprocation in said bore, a plural-
ity of spaced annular ports in said bore surrounding said
plunger, 4 plurality of spaced lands on the plunger to
open and close the bore with respect to adjacent ports,
a first port connected to the outlet of said first pump,
a second port adjacent the first port and connected to
the outlet of said second and third pumps, a fourth port
adjacent the second port and an opening thereinto, con-
duit means connecting said fourth port to the reservoir,
a third port connected to the inlet of said motor, a fifth
port adjacent said third port, said fifth port being con-
nected to said motor outlet and to the reservoir, said

valve body having a passageway therein connecting said

first, second and third ports, said passageway having a
branch leading to said reservoir, a relief valve in said
branch, a land on said plunger between said third -and
fifth ports to direct flow from said first and second ports
to said motor inlet and a land on said plunger between
said first and second ports to direct a part of the flow
from said first port to said second port and thence to the
fourth port and the reservoir, and a land on the plunger
between the second and fourth ports adapted to be moved
with the plunger to close the fourth port with respect to
the second port and -thereby direct the output -of all three
pumps to the motor.
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