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[57] ABSTRACT 

An open center directional control valve assembly 
having an unloading valve that diverts inlet ?ow to 
drain without passing through the entire assembly 
whenever all control valves are in neutral. When one 
or more of the control valves are operative, to actuate 
their associated motors at desired speeds, the unload 
ing valve is automatically positioned by the pressure 
difference between inlet pressure and the highest 
motor pressure to deliver the necessary ?ow to oper 
ate the motors at the desired speeds while diverting 
the remainder of inlet ?ow to drain. 

15 Claims, 6 Drawing Figures‘ 
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CONTROL VALVE INSTRUMENTALTTY 

This invention relates to hydraulic control valves for 
open center type systems. 

Hydraulic systems of the open center type normally 
include an inexpensive, fixed displacement source of 
pressure ?uid which supplies constant, maximum ?ow 
to control valves which direct a desired quantity of the 
?uid flow to a hydraulic motor to operate same at a se 
lected speed. The pressure maintained in this system is 
just that which is necessary to overcome pressure losses 
in the system and operate the motor. Thus, an open 
center system has the desirable characteristic of oper 
ating at minimum pressure and requires instrumentality 
that is relatively simpli?ed and economical in design. 
Waste of power and heat build-up in open center sys 

tems arise from its continuous operation at maximum 
?ow rates. In stand-by condition wherein no motors are 
being operated, the entire output ?ow from thesource 
is returned to drain or reservoir, and the power utilized 
in moving this high volume of ?uid is completely dissi 
pated into heat. During most operating conditions, the 
motor or motors will be operating, at less than maxi 
mum speed. This is accomplished by the hydraulic con- ' 
trol valves in the system which direct the desired quan 
tity of ?ow to the motor while allowing the excess ?ow 
to return to reservoir. Again, movement of this excess 
?ow is waste of power reducing overall efficiency of the 
system. 
An open center hydraulic system for operating a plu 

rality of motors conventionally includes a plurality. of 
manual directional control valves, one associated with 
each motor, which are contained within or assembled 
as a single unit or bank. Fluid ?ow from the source 
passes through a central bypass network of zig-zag pas 
sages extending through the bank to communicate with 
the reservoir. A manually shiftable member, usually a 
cannelured spool, in each of the control valves can be 
moved to partially or completely block flow through 
this central, open center network while directing the 
desired portion of ?ow to the motor associated with the 
shifted spool. Thus, during stand-by the full inlet ?ow 
from the source passes through the entire valve bank 
and across each of the valve spools, and a portion of the 
inlet ?ow normally passes through the open center net 
work in many operating conditions. This causes sub 
stantial pressure losses to the inlet flow as it passes 
through the entire valve bank, and the resulting back 
pressure exerted on the source substantially increases 
the pressure at which the source must work just to 
force the fluid ?ow through the valve bank. 
Upon shifting one of the spools to interrupt or meter 

?ow through the open center network, strong forces 
resulting primarily from Bernoulli effects are impressed 
upon the spool. Characteristically therefore, open cen 
ter valves require a high degree of effort in shifting 
their manually operated spools. Furthermore, interrup 
tion of the bypass ?ow in the open center network cre 
ates dif?culty in precisely metering ?ow to the motor 
since the pressure drop across the spool at the bypass 
passages will vary in accordance with the load imposed 
on the motor which dictates the pressure level neces 
sary to operate same. Also, the effort required to move 
the spool will also change erratically as the pressure 
varies. Control of motor operation in open center sys 
tems therefore is relatively erratic and imprecise be 
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2 
cause of the necessity of interrupting and metering the 
high volume bypass flow in the open center network. 
The problems of efficiency loss, high spool effort and 

imprecise control in open center systems become ex 
tremely serious in larger hydraulic systems operating at 
higher rates of ?ow and pressure. As the application 
and uses of hydraulic instrumentality increase, thereby 
requiring greater ?ows and power, the above-described 
problems limit the usefulness of open-center systems. 

As an alternative to open center systems, closed cen 
ter systems have found limited acceptance in the indus 
try in certain specific applications. Generally, closed 
center systems have a variable displacement source of 
pressure ?uid that delivers only the ?ow required to op 
erate the motor at the desired speed, i.e. zero low in 
stand-by conditions, but is maintained at high, maxi 
mum pressure at all times. The high pressure of closed 
center systems causes efficiency losses in excess of that 
of open center systems in most applications and de 
tracts from the desirability of closed center systems 
even though the problems of high spool effort and er 
ratic control are substantially reduced by eliminating 
the continuous bypass ?ow characteristic of the open 
center system. Further, the rather sophisticated and ex 
pensive instrumentality of closed center systems has 
prevented general acceptance of this arrangement. 

It has been attempted to include in open center sys 
tems unloading valves which divert the excessive ?ow 
from the source back to reservoir without ?owing 
through the entire valve bank to thereby reduce spool 
effort and improve control. Such attempts have re 
quired inclusion of relatively expensive and compli 
cated circuitry which increases cost and substantially 
reduces reliability of the system. These arrangements 
also impress a relatively high stand-by pressure at the 
source, similar to closed center systems, and have been 
found generally impractical in use because of the in 
ability to sense both the pressure at which the motors 
are operating as well as the position of the valve spool 
when in neutraL-stand-by condition. 

It is a primary object of the present invention to pro 
vide control valve instrumentality for open center by 
draulic systems which provides a minimum stand-by 
power loss by diverting all ?ow to reservoir‘ without 
passing through the control valves whenever the latter 
are in their neutral positions and without requiring a 
high stand-by pressure at the source, along with reduc 
ing the effort required to operate the manual spools 
and increasing the precision of control of the valves by 
eliminating the network of bypass passages by provid 
ing a pressure sensitive valve that automatically diverts 
the excess flow to reservoir without passing across the 
manually actuated spools. 
Another object of the invention is to provide a pres 

sure operated unloading valve upstream of a manual 
control valve which is operated by the pressure differ 
ential across a speed-selecting orifice created by the 
manual valve in such a manner to maintain a constant 
pressure drop across the ori?ce by diverting ‘excess 
flow to reservoir before reaching the control valve, and 
wherein the'unloading valve is also sensitive to posi 
tioning of the manual valve in its neutral position to di 
vert all ?ow directly to reservoir. 
These features are accomplished by providing an un 

loading valve urged to a position unloading all flow to 
drain by pressure upstream of the orifice, and biased in 
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an opposite direction by pressure downstream of the 
ori?ce when the manual valve is in an operating posi 
tion. Upon shifting the manual valve to neutral, pres 
sure is automatically relieved from one side of the un 
loading valve to allow it to move to its unloading posi 
tion. More speci?cally, a pressure chamber at one end 
of the unloading valve is connected with the reservoir 
through a ?rst pressure-transmitting pilot passage 
whenever the manual valve is in neutral, and is con 
nected with pressure downstream of the ori?ce through 
a second pressure-transmitting pilot passage whenever 
the manual valve is shifted away from neutral. 
Another object of the invention is to provide such hy 

draulic controls useful in a system having a plurality of 
manual control valves by arranging the ?rst pilot pas 
sage in series with each of the control valves so that 
shifting of any one valve away from neutral will block 
communication of the unloading valve pressure cham 
ber with drain, and arranging the second pilot passage 
in parallel with each of the control valves so that the 
highest pressure required by any of the valves will be 
transmitted to the pressure chamber to control the un 
loading valve. A corollary is to include means in the 
second pilot passage which substantially prevents 
cross-flow between motors therethrough to assure to 
tally independent control of each motor. 
A more particular object is to provide a restricted 

flow from the source directly to the pressure chamber 
of the unloading valve, and to include a relief valve 
connected to the pressure chamber to protect the en 
tire system from overpressurization simply by relieving 
the relatively small ?ow from the source into the pres 
sure chamber, thereby eliminating the need for a large 
high pressure relief valve in the system capable of 
dumping the entire volume of ?ow to reservoir in con 
ditions of excessive pressure. 
These and other important objects and advantages of 

the present invention are speci?cally set forth in or will 
become apparent from the following detailed descrip 
tion of preferred embodiments of the invention, when 
read in conjunction with the accompanying drawings, 
wherein: 
FIGS. l-A and l-B are partially schematic represen 

tations of ‘a hydraulic system constructed in accordance 
with the principles of the present invention, with the 
directional control valve and the pressure sensitive un 
loading valve being shown in cross-sectional elevation; 

FIG. 2 is a top plan view of the directional control 
valve; 
FIG. 3 is a fragmentary transverse cross-sectional 

view taken along lines 3 —- 3 of FIG. 2; 
FIG. 4 is an enlarged, fragmentary, plan cross 

sectional view taken along line 4 -— 4 of FIG. 3; and 
FIG. 5 is a schematicrepresentation of an open cen 

ter system controlling flow to a plurality of hydraulic 
motors and incorporating the features, of the present 
invention. 
- Turning now more particularly to FIGS. l-A, l-B, 

. there is illustrated the inlet portion section 10 and a 
control valve section 12 which are conventionally in 
tersecured into a single, open center stack valve assem 
bly. Inlet section 10 includes a housing 14 having an 
inlet port and passage 16 supplied with pressure ?uid 
from a source 18 that is normally a ?xed, positive dis 
placement pump. Section 10 also has a longitudinal 
bore 20 closed at both ends by plugs 22 and 24, and a 
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4 
pair of exhaust passages 26 intercepting bore 20 adja 
cent inlet passage 16 are connected with a low pressure 
reservoir 28 as shown schematically. 

Shiftably disposed within bore 20 is a pressure re 
sponsive unloading valve spool 30 which de?nes closed 
pressure chambers 32 and 34 at its opposite ends. 
Spool 30 blocks communication between exhaust pas 
sages 26 and inlet passage 16 when shifted leftwardly, 
as illustrated, under the urgings of a biasing spring 36, 
and has grooves 44 for interconnecting the inlet pas 
sage with passages 26 upon being shifted rightwardly 
from the position illustrated. Internal passages 38 and 
40 and cross bores 42 in spool 30 de?ne first and sec 
ond ducts allowing a highly restricted flow from the 
source and inlet passage 16 to the pressure chambers 
32 and 34 respectively. 
Control valve section 12 includes a housing 13 hav 

ing a longitudinal bore‘ 46 which is intercepted at 
spaced locations by a motor port passage 48 and an 
inlet passage 50. The valve illustrated is of the double 
acting type having a second motor port passage-52 in 
tercepting the bore 46 adjacent a different leg of U- . 
shaped inlet passage 50. The motor port passages are 
connected to supply and exhaust ?uid from opposite 
sides of a double acting hydraulic motor 54 that has a 
load 56 imposed thereon. Housing 13 also has a duct 
58 intercepting bore 46, as well as a pair of adjacent 
ducts 60 and 62 that can communicate through bore 
46. Duct 60 is connected with reservoir as shown sche 
matically. 
A manually shiftable control member in the form of 

a cannelured spool 64 is movably disposed in bore 46 
and is biased to a neutral, stand-by position illustrated 
by a conventional spring centering assembly 66. Spool 
64 has internal central bores 68 and 70 that respec 
tively connect associated cross bores 72 and 74 ‘which 
terminate adjacent the motor port passages 48 and-52 
as well as on opposite sides of duct 58. In neutral, pas 
sages 68 and 70 are isolated both from motor passages 
48', 52 and from duct 58. ‘ 
Upon securng inlet section 10 to control valve sec‘ 

tion 12, direct communication between inlet passage 
16 with a transverse passage 76 in control valve 12 is 
provided, as illustrated by phantom line 78. Pressure in 
passage 76 acts upon one-way check valve 80 to open 
same to direct pressure ?uid into U-shaped inlet pas 
sage 50 since the effective seat area “a" of the check 
valve is less than the effective plunger area “b“ urging 
it in the opposite direction. Conventionally, whenever 
pressure in passage 50 exceeds that in passage 78, valve 
80 will close to prevent reverse flow. Drain passages 82 
and 84 at opposite ends of both sections respectively 
register with each other, and both drain passages are 
connected to the reservoir. A passage in the inlet sec 
tion housing 14, depicted by line 86, registers with duct 

' 62 in the control valve housing as shown by dashed line 
88. A duct in the inlet housing shown by line 90 con 
nects with passage 86 and thus pressure chamber 34, 
and duct 90 registers with duct 58 in the control valve. 
As can be seen in FIG. 3, duct 90 extends transversely 
through valve section housing 13 with a vertical pas 
sage 92 connecting passage 92 and duct 58. Disposed 
in duct 90 is a one-way check valve 100 and restriction 
102 which allows one-way, restricted flow from pres 
sure chamber 34 into passage 90 and the duct 58 in the 
control valve. 
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A high pressure relief valve assembly 94, mounted 
within plug 24, communicates with pressure chamber 
34 by ori?ce 96, and connects with drain passage 84 via 
passage 98. Normally, the relief valve assembly blocks 
flow from ori?ce 96 to passage 98, but interconnects 
same to relieve pressure in chamber 34 whenever pres 
sure therein exceeds a preset level. Relief valve assem 
bly 94 is conventional in structure and operation and 
will not be described in detail. 

In operation, a continuous relatively constant flow of 
pressurized ?uid passes from source 18 into inlet pas 
sage 16 and through line 78 into passage 76 and across 
lift check valve 80 into inlet passage 50 of the control 
valve. When control spool member 64 is in its neutral 
position illustrated, the inlet flow is blocked at bore 46. 
A ?rst pilot passage de?ned by line 88 and ducts 62, 60 
interconnects the unloading spool pressure chamber 34 
with the low pressure reservoir by way of groove 104 
in control spool member 64. A second pilot passage de 
?ned by passages 90, 92, duct 58 and internal bores 68, 
70 as well as their associated cross bores 72, 74 also 
communicates with pressure chamber 34 by line 86. In 
its neutral position, control pool 64 blocks ?ow‘ 
through this second pilot passage by virtue of the posi 
tions of cross bores 72 and 74. 
Accordingly, interconnection of unloading valve 

pressure chamber 34 with reservoir by way of the ?rst 
pilot passage, including ducts 60 and 62,'relieves pres 
sure so that once inlet pressure in passage 16 and the 
other pressure chamber 34 builds to a level suf?cient 
to overcome the bias of spring 36, unloading spool 30 
shifts rightwardly to allow free communication of inlet 
passage 16 with exhaust passages 26. In this unloading 
position of spool 30 all flow from the source is diverted 
directly back to reservoir without passing through con 
trol valve section 12. A minimum back pressure is thus 
maintained in stand-by condition, only suf?cient pres 
sure to overcome the bias of spring 36. To assure mini 
mum pressure in chamber 34, the cross bore 42 is sized 
to present a restriction to ?uid flow into chamber 34 so 
that ?uid ?ow exhausting out of chamber 34 through 
the ?rst pilot passage is suf?cient to drop pressure in 
chamber 34 to that of the reservoir. ' 
Upon shifting control spool member 64 leftwardly, 

an ori?ce of communication which is variable in size 
dependent upon the travel of spool 64, is established 
between inlet passage 50 and motor passage 52 at bore 
46 through groove 108 in spool 64. The motor 54 is op 
erated leftwardly, and fluid displaced out the opposite 
side of the motor returns into passage 48 to exhaust 
passage 82 through groove 106. In certain designs it 
may be desirable to form the variable size orifice in the 
exhaust ?ow at groove 106 rather than in the inlet ?ow. 
In either instance the operation of the present inven 
tion will proceed as described below, and description 
of the variable ori?ce as being positioned in the inlet 
?ow to the motor is to be considered as also including 
an embodiment wherein ori?ce of discharge ?ow from 
the motor actually accomplishes speed control thereof. 

In this operating position spool 64 blocks ?ow be 
tween ducts 62 and 60 to isolate chamber 34 from the 
reservoir. Internal bore 70 connects duct 58 with pres 
surized motor passage 52 so that ?ow from chamber 34 
through the second pilot passage is directed into motor 
passage 52 downstream of the variable ori?ce created 
by spool 64. Accordingly, the lower pressure down 
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6 
stream of the ori?ce is maintained in chamber 34 in op 
position to the higher inlet pressure in chamber 32. 
This pressure differential imposed at opposite endsof 

unloading spool 30 automatically shifts the latter to a 
position allowing a certain rate of ?ow from inlet pas 
sage 16 to exhaust passages 26. Spool 30 will reach an 
effective position allowing a certain rate of ?ow to inlet 
passage 50 of the control valve which will produce a 
pressure drop across the ori?ce formed by spool 64 
that will be balanced by spring 36. The rate of ?ow 
passing into control valve 12 will bethat required to 
operate the motor at the speed selected by the manual 
positioning of spool 64. A constant pressure drop 
across the spool-de?ned ori?ce results, equivalent to 
the force of spring 36. This constant, relatively low 
pressure drop creates small, and in the least, constant 
longitudinal forces on spool 64 so that reliable manual 
control of the spool is possible even in larger sized con 
trol valves. Because the excess ?ow from the inlet does 
not cross valve spool 64, but‘ is rather bypassed directly 
to drain passage 26, the effort to move spool 64 re 
mains small regardless of the position thereof. 

Relief valve assembly 94 opens whenever pressure in 
chamber 34 exceeds a predetermined level. Unloading 
spool 30 in response shifts rightwardly to its unloading 
position diverting all low to passages 26 to reduce sys 
tem pressure to lower levels. Relief valve 94 may be 
small, compact and economical in design as it only 
need carry the restricted ?ow into chamber 34 via cross 
bore 42 in order to reduce chamber pressure. Thus, the 
expense and bulkiness of a system relief valve capable 
of carrying the entire ?ow from source 18 is eliminated. 
Check valve’ 100 prevents reverse flow from the motor 
through the second pilot passage and across relief valve 
94 when the latter is'open, and thereby minimizes the 
volume of fluid required to ?ow through the relief valve 
as well as‘ preventing undesirable motor movement 
when the relief valve opens. - ' 

Spool 64 is shiftable further leftwardly to a ?oat posi 
tion wherein spool land 110 interrupts flow between 
inlet passage 50 and motor passage 52, while spool 
groove 112 connects motor passage 52 with drain pas 
sage 84. The other motor passage 48 remains con 
nected with drain passage 82 through groove 106 so 
that the motor may “?oat" free in response to loads im 
posed thereon. In the ?oat position duct 58 is reclosed 
by spool 64 to block the second pilot passage, while 
spool groove 114 reconnects ducts 60 and 62 to drain 
pressure from chamber 34. Accordingly, , unloading 
spool 30 shifts rightwardly to its unloading position by 
passing all ?uid ?ow directly to the reservoir. 
Spool 64 can be shifted rightwardly to pressurize 

motor passage 48 while connecting motor passage 52 
with drain passage 84. This movement of spool 64 con 
nects the pressure chamber 34 with pressurized passage 
52 through internal bore 68 in spool 64, while commu 
nication between ducts 60 and 62 is interrupted. Ac 
cordingly, operation in this position driving the motor 
in an opposite direction is the same as occurs when 
spool 64 is shifted to pressurize motor passage 52. 
FIG. 5 schematically illustrates an embodiment of the 

invention which includes not only the unloading valve 
section 10 and control valve section 12 of FIGS. l-A 
and 1-3, but also additional control valve sections 12a 
and 12b which are substantially identical in construc 
tion to the control valve 12 described above in detail. 
Reference numerals with “a” and “b” suf?xes denote 
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structure in valvesl2a and 12b identical to the control 
valve 12 of FIG. l-A. The respective control spools of 
valves 12a and 12b are shiftable oppositely from the 
neutral positions schematically illustrated to positions 
metering fluid ?ow to opposite ends of associated mo 
tors 54a and 54b. 
The transverse passage 76 of valve 12 registers with 

similar transverse passages in valves 12a and 12b so 
that the inlet passages 50, 50a and 50b connect in hy 
draulicallyparallel relationship with inlet passage 16 of 
the inlet section. Associated lift check valves 80a and 
80b allow only one-way flow in the associated inlet 1385-. 
sage toward the motors. The exhaust passages 82, 84 
include identical portions in the additional valves to ex 
tend transversely therethrough, passages 82, 84 being 
denoted by a single return line in FIG. 5. Duct 60 of 
valve 12 connects with duct 62a of valve 12a, and duct 
60a connects with duct 62b of valve 12b, with the ?nal 
duct 60b communicating with the reservoir such as by 
connection with exhaust passages 82, 84. Accordingly, 
the ?rst pilot passages of the control valves are con 
nected in hydraulic series arrangement intercepting 
each of the control valve spool members. With all spool 
members in neutral, the pressure chamber 34 of un 
loading valve 10 communicates with the reservoir 
through the ?rst pilot passage as shown. Upon shifting 
any one of the valve spool members away from neutral, 
flow between the associated ducts 62, 60 or 62a, 60a 
or 62b, 60b is interrupted to isolate the ?rstpilot pas 
sage and chamber 34 from the reservoir. 

.Valves 12a and 1222 have transverse ducts 90a and 
9012 that communicate with duct 90 of valve 12 to de 
?ne a common duct connected with chamber 34, so 
that the associated vertical passages 92a and 92b and 
ducts 58a, 58b are connected in hydraulically parallel 
relationship with chamber 34. In neutral these second 
pilot passages aredead-ended by virtue of blockage of 
the respective ducts 58, 58a, 58b by the spool member 
of the control valves. The parallel connection of these 
second pilot passages allows the pressure downstream 
of the spool-de?ned ori?ce to be transmitted to cham 
ber 34. upon movement of any of the spool members 
away from neutral. Each spool has the internal bores 
68-74 of spool 64 in FIG. l-A so that the pressurized 
motor passage of each valve can be connected with 
chamber 34. 
Upon simultaneously operating two or more of they 

control valves, both or all the pressurized motor pas 
sages connect with chamber 34 through the parallel 
arranged second pilot passages, so that the highest 
pressure existing at the motors being actuated is trans 
mitted to chamber 34. Accordingly, thespool of the 
unloading valve will be positioned to divert unneces 
sary flow to drain while allowing delivery of flow neces 
sary to the control valves to operate both motors at the 
selected speed, while maintaining pressure at the 
source at the level of that required by themotor operat 
ing at the highest pressure plus the pressure differential 
maintained across the spool member metering flow to 
that motor. I 

A check valve 114 allowing only severely restricted 
?ow through restriction 116 is interposed in passage 92 
of the second pilot passage. Similar check valves 114a, 
1141) and restrictions 116a, ll6b are disposed in pas 
sage 92a, 92b. One embodiment of check valve 114 il 
lustrated in FIGS. 3 and 4 comprises a hexagonally 
shaped elementmovably carried in passage 92. Flow 
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8 
from passage 90 toward duct 58 forces element 114 
downwardly so that the lower face thereof seats on an 
annular shoulder 118 of passage 92, thereby allowing 
?ow in this direction only through the central ori?ce 
restriction 1 16 of element 114. Flow in the opposite di 
rection in passage 92 shifts element 114 upwardly per 
mitting relatively free ?ow around the periphery of ele 
ment 114 into passage 90. ~ ~ 

The check valve elements I14, 114a, l14b 
substantially prevent crossflow between motor pas 
sages of different control valves through the second 
pilot passages when more than one control valve mem 
ber are in operating positions. Only through one of the 
ori?ce restrictions 116, 116a, 1161) is such crossflow 
permitted. Yet, relatively free flow in the opposite di 
rections assures that chamber 34 will be maintained at 
the highest pressure existing at any of the motors being 
actuated. The size of ori?ce cross bore 72 relative to 
ori?ces l 16 allow sufficient exhaust ?ow from chamber 
34 when one of the control valves is in an operating po 
sition to maintain a pressure in chamber 34 indicative 
of that of the motor. ’ 

Operation of the FIG. 5 system is essentially the same 
as above described with respect to FIGS. l--A, l-B. The 
series arrangement of the ?rst pilot passages allows 
chamber 34 to sense the neutral positioning of all the 
control valve spool members, while the parallel ar 
rangement of the second pilot passages ‘transmits the 
highest motor pressure to chamber 34. Relief‘ valve 94 
operates as previously described to limit systempres 
sure. With all valves in neutral, the entire output flow 
from source 18 is diverted back to reservoir with only 
the small volume of pilot flow in the ?rst pilot passage 
flowing through the whole valve bank. The unloading 
valve senses the total volume of flow required by one 
or more of the motors, and allows this volume to flow 
to the control valves while diverting the remainder to 
reservoir. 
The detailed description of preferred embodiments 

set forth above is exemplary in nature and is not to be 
considered as limiting to the scope and spirit of the in 
vention as set forth in the accompanying claims. 
Having described the invention‘with suf?cient clarity 

that those skilled in the art may make and use it, what 
is claimed as new and desired to be secured by letters 
Patent is: 

1. In a hydraulic system having a source of pressure 
fluid, a low pressure reservoir, and a hydraulic motor 
connected with said source: ‘ 

an unloading valve communicating with said source 
and said reservoir to allow direct ?ow therebe 
tween bypassing said motor, said unloading valve 
having a bore therein closed at both ends; 

a shiftable spool movably disposed in said bore for 
controlling said bypass flow from the source to res 
ervoir and de?ning pressure chambers at opposite 
ends of said bore, said unloading valve having a 
duct providing flow from said source to one of said 
chambers whereby pressure therein urges said 
spool toward an unloading position connecting said 
source with the reservoir; , 

biasing means disposed in the other of said pressure 
chambers for urging said spool toward a position 
variably blocking communication between said 
source and said reservoir and thereby adjusting the 
rate of ?ow from said source to said motor; 
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a directional control valve interposed in the path of 
fluid ?ow from said source to said motor down 
stream of said unloading valve and communicating 
with the reservoir, said control valve having a first 
pilot passage connectable with the reservoir and a 
second pilot passage connectable with the motor, 
said first and second pilot passages communicating 
with said other pressure chamber of the unloading 
valve; and 

a shiftable member mounted in said control valve for 
controlling communication between said source 
and said motor and intercepting said ?rst and sec 
ond pilot passages, said member having a neutral 
position blocking ?ow from said source to said 
motor and blocking communication between said 
second pilot passage and said motor while connect 
ing said ?rst pilot passage with the reservoir to 
thereby maintain low pressure in said other pres 
sure chamber and allow pressure in said one pres 
sure chamber to overcome the urgings of said bias 
ing means and shift said spool to said unloading po 
sition thereof, . 

said member being selectively shiftable from said 
neutral position to an operating position establish 
ing a variable size orifice of communication be 
tween said source and said motor to select speed of 
operation of the latter, said member in said operat 
ing position blocking communication between said 
?rst pilot passage and the reservoir while connect 
ing said second pilot passage with said motor down 
stream of said ori?ce to transmit the pressure exist 
ing downstream of the ori?ce to said other pressure 
chamber to assist said biasing means in urging said 
spool to said variably blocking position, whereby 
said spool is positioned to maintain a substantially 
constant pressure differential across said variable 
size orifice and allow delivery of ?uid to said con 
trol valve and motor at a rate operating said motor 
at said selected speed. 

2. A hydraulic system as set forth in claim 1, wherein 
is provided a plurality of said hydraulic motors con 
nected in parallel with said source downstream of said 
spool and a plurality of said directional control valves 
and corresponding shiftable members for controlling 
operation of said motors, said ?rst pilot passages of said 
control valves being connected in series whereby shift 
ing of any of said members away from its neutral posi 
tion blocks communication of said other pressure 
chamber with the reservoir through said ?rst pilot pas 
sages, said second pilot passages of said control valves 
being connected with said other pressure chamber in 
parallel arrangement whereby ‘the highest pressure ex 
isting at said motors is transmitted by said second pilot 
passages to said other pressure chamber. 

3. A hydraulic system as set forth in claim 2, wherein 
is provided a check valve in each of said second pilot 
passages allowing relatively free ?uid ?ow from the as 
sociated motor to said other pressure chamber while 
severely restricting fluid ?ow through said second pilot 
passage in the opposite direction to reduce direct ?uid 
?ow between said motors through said second pilot 
passages. 

4. A hydraulic system as set forth in claim 3, wherein 
is provided a common duct connected with said other 
pressure chamber, said second pilot passages being 
connected in parallel with said common duct, each of 
said check valves comprising a hexagonal element hav 
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ing an ori?ce passage therethrough and shiftably dis 
posed in the corresponding second pilot passage to 
allow relatively free flow from said motor to said ‘com 
mon ductpast the periphery of said hexagonal element 
while permitting flow from said common duct to said 
motor only through said ori?ce passage. 

5. A hydraulic system as set forth in claim 1, wherein 
said unloading valve has a second duct connecting said 
source with said other pressure chamber, and means in 
said second duct for restricting ?ow therethrough 
whereby low pressure is maintained in said other pres 
sure chamber when said control member is in its neu 
tral position and pressure at said motor is maintained 
in said other chamber when said control member is in 
its operation position. 

6. A hydraulic system as set forth in claim 5, wherein 
is included a high pressure relief valve communicating 
with said other pressure chamber and the reservoir, 
said relief valve being operable to open and relieve 
pressure from said other chamber to allow said spool to 
move to said unloading position when pressure in said 
other chamber exceeds a predetermined level. 

7. A hydraulic system as set forth in claim 6, wherein 
is provided a check valve between said second pilot 
passage and said other chamber for preventing fluid 
?ow from said motor to said other pressure chamber 
while allowing pressure at said motor to be transmitted 
to said other chamber. . 

8. A hydraulic system as set forth in claim 5, wherein 
said ?rst mentioned duct and said second duct are sep 
arate internal passages in said spool respectively con 
necting said one and said other pressure chambers with 
said source. ' v 

9. A hydraulic system as set forth in claim 1, wherein 
said control valve includes a port communicating with 
said motor, said second pilot passage including a duct 
in said control valve communicating with said other 
pressure chamber and intercepted by said control 
member, said second-pilot passage further including an 
internal passage in said control member which registers 
with said ‘motor port and said duct in the control valve 
upon shifting said member to its operating position. 

10. A hydraulic system as set forth‘ in claim 9, 
wherein said control valve includes a pair of ports com 
municating with opposite sides of said motor, said con 
trol member being shiftable in opposite directions away 
from neutral to establish variable size ori?ces of com 
munication between said source and said motor ports, 
said second pilot passage including a pair of said inter- ' 
nal passages in said control member respectively regis 
tering with said pair of motor ports as said member is 
shifted in opposite directions away from neutral to 

connect said other pressure chamber with said motor ‘ 
port that is communicating with said source. 

11. A control valve for a hydraulic system including 
a ?uid actuated motor, a ?xed displacement source of 
pressure ?uid, and a reservoir, said control valve com 
prising: 
a housing having ?rst and second spaced longitudinal 

bores, a generally transverse inlet passage con 
nected to said source and sequentially intercepting 
said ?rst and second bores, an exhaust passage 
communicating with the reservoir and intercepting 
said ?rst bore adjacent said inlet passage, a motor 
passage connected with said motor and intercept 
ing said second bore adjacent said inlet passage, 
and ?rst and second pilot passages intercepted by 
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said second bore, said ?rst passage being con 
nected with the reservoir; 

a pressure responsive spool disposed in said first bore 
and shiftable to variably restrict ?uid ?ow from 
said inlet passage to said exhaust passage and 
thereby vary the rate of flow delivered through said 
inlet passage to said second bore; 

means for supplying pressure from said source to one 
end of said pressure responsive spool to urge the 
latter to an unloading position permitting free ?uid 
flow from said inlet passage to said exhaust pas 
sage; ' 

biasing means acting against the opposite end of said 
pressure responsive spool to urge the latter towards 
positions variably metering flow from the inlet to 
the exhaust passages; 

a manually shiftable control spool in said second bore 
having a neutral position blocking said inlet pas 
sage while connecting said ?rst pilot passage with 
the reservoir, and an operating position establish 20 
ing a variable ori?ce of communication between I 
said inlet passage and said motor passage to control 
speed of operation of the motor while connecting 
said second pilot passage with said motor passage 
downstream of said variable ori?ce and blocking 
communication of said ?rst pilot passage with the 
reservoir; and 

means connecting said ?rst and second pilot passages 
with said opposite end of the pressure responsive 
spool whereby to maintain low pressure of the res 
e'rvoir at said opposite end when said manual con- _ 
trol spool is in its neutral position and to transmit 
pressure from said motor passage downstream of 
said variable ori?ce to said opposite end to assist 
said biasing means in moving said pressure respon 
sive spool to said variable metering positions when 
said manual control is in its operating position to 
maintain a substantially constant pressure differen 

' tial across said variable ori?ce. 
12. A control valve vas set forth in claim 11, wherein 

said housing includes a third longitudinal bore inter 
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cepting said inlet passage in hydraulically parallel ar 
rangement with said second bore, and another motor 
passage intercepting said third bore adjacent said inlet 
passage, said ?rst pilot passage intercepting said second 
and third bores in series arrangement, said second pilot 
passage intercepting said second and third bores in par 
allel arrangement; there being another manual control 
spool in said third bore for controlling flow from said 
inlet passage to said another motor passage, said an 
other control spool being operable to block said ?rst 
pilot passage in a neutral position and to connect said 
second pilot passage and the inlet passage with said an 
other motor passage in an operating position. 

13. A control valve as set forth in claim 12, wherein 
is included means in said second pilot passage for pre 
venting ?uid ?ow therethrough between said motor 
passages while transmitting the higher of the pressures 
in said motor passages to said opposite end of the pres 
sure responsive spool. _ » _ . 

14. A control valve as set forth in claim 11, wherein 
said housing includes a second motor port passage in 
tercepting said second bore and communicating with 
said motor, whereby upon shifting said manual control 
spool in opposite directions away from neutral said 
?rstmentioned and said second motor passages are re-, 
spectively connected with said inlet passage, said sec 
ond pilot passage being arranged to connect said oppo 
site end of the pressure responsive spool only with the 
one of said ?rst and second motor passages which is ‘ 
communicating with said inlet passage as said control 
spool is moved away from neutral. 

15. A control valve as set forth-in claim 14, wherein 
said manual control spool is shiftablelto a ?oat position 
interconnecting both said ?rst and second motor port 
passages with reservoir while blocking flow from said 
source to said motor, said manual control spool in‘ said 
?oat position connecting said ?rst pilot passage with 

y the reservoir and blocking ?ow through said second 
pilot passage. 

* * * * =l= 


