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PRESSURE CONTROL VALVE FOR HYDRAULIC 
ACTUATION ASSEMBLY 

BACKGROUND OF THE INVENTION 

[0001] 
[0002] This invention relates to a pressure control valve 
arrangement in a hydraulically-actuated differential or 
torque coupling device for use With a vehicle drive train, for 
example, a speed sensitive limited slip differential; and more 
particularly is directed to a multi-control valve assembly for 
a hydraulically actuated clutch pack in a torque coupling 
device. 

[0003] b) Background of Related Art 

[0004] Limited slip differentials and torque coupling 
devices are Well knoWn in the art. In such devices, a 
hydraulically actuated friction clutch pack is actuated to 
retard relative rotation of at least one of the rotating com 
ponent, e.g., at least on side gears relative to the differential 
case. Normally, hydraulic pressure is directly increased in 
response to an increase in rotational speed differential of the 
axle components. One common Way to provide the hydrau 
lic pressure is to include an internal pump, or gerotor pump, 
Within a differential case. As hydraulic pressure increases as 
a result of the increased speed of the pump (increased speed 
differential), there is a need to provide a pressure relief valve 
to provide relief from pressure build up in the limited slip 
device. In other Words, once the hydraulic pressure reaches 
a predetermined level, the pressure relief valve relieves that 
pressure. 

a) Field of the Invention 

[0005] One such pressure relief valve of the related art is 
shoWn in FIG. 7. Aball is simply provided in a ball seat on 
the external surface of the differential case. The ball seat is 
in communication With hydraulic ?uid of the limiting 
device. The ball is retained in the seat by a leaf spring 
secured to the outer surface of the differential case. As 
hydraulic pressure in the limiting device increased, the ball 
is forced against the leaf spring. If suf?cient pressure exists, 
the leaf spring opens and ?uid is alloWed to ?oW out of the 
differential case. OtherWise, the valve remains closed. 

[0006] It is also knoWn to provide a hydraulic valve 
assembly including a bleed passage to control hoW the 
hydraulic pressure in the hydraulic system rises With 
increased ?oW. HoWever, the prior art fails to adequately 
provide variable pressure control, linear and non-linear as 
Well as thermo-sensitive compensation for changes in ?uid 
viscosity With temperature. 

[0007] The need therefore exists for an improved differ 
ential control valve that is simple in design, easy to assembly 
and opens and closes in a predictable and consistent manner, 
While integrating tWo distinct hydraulic ?oW and pressure 
mechanisms into a single assembly. 

SUMMARY OF THE INVENTION 

[0008] The present invention provides an improved pres 
sure control valve for use in a limited slip differential or 
torque coupling device. Apressure control valve assembly is 
disposed in the hydraulic ?oW path of a differential assembly 
and is connected to a passageWay leading to a limited slip 
device Within the differential case to establish ?uid commu 
nication there betWeen. 
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[0009] In the preferred embodiment, the invention 
includes a machined or formed blind hole, a groove Which 
partially intersects the blind hole, a ball member seated in 
the blind hole, and a spring resiliently acting on the ball to 
apply a force biasing the ball into the blind hole. At the 
intersection of the blind hole and groove, an area, Which is 
not sealed by the ball, is formed that provides a controlled 
leakage path for the hydraulic ?uid. As the hydraulic ?uid 
?oW increases, the hydraulic pressure of the ?uid on the 
pressure side increases Which increases the force on the ball 
acting against the spring. As the pressure increases further, 
the resultant forces on the ball de?ect the spring to increase 
the bleed area and increase the ?uid bled proportionally to 
the ?uid pressure. Therefore, a pressure control mechanism 
is provided. 

[0010] The pressure control valve controls the pressure 
?oW in a manner that can be controlled by changing the 
dimensions of the hole, groove and ball. Hydraulic ?oW 
leakage and pressure control can vary With the force of the 
spring. 

[0011] In a modi?ed embodiment of this invention, a 
temperature sensitive spring is used (e.g., as a bimetallic 
member) to alloW the force on the ball to vary With tem 
perature to either decrease upper pressure values at higher 
temperature or increase upper pressure With increase in 
temperature, or to provide compensation for change in ?uid 
viscosity With temperature. 

[0012] The objects, features and advantages of the present 
invention are readily apparent from the folloWing detailed 
description of the best modes for carrying out the invention 
When taken in connection With the accompanying draWings. 

BRIEF DESCRIPTION OF DRAWINGS 

[0013] FIG. 1 is a sectional vieW of a limited slip differ 
ential employing the pressure control valve assembly of the 
present invention. 

[0014] FIG. 2 is an enlarged sectional vieW of the pressure 
control valve assembly shoWn in FIG. 1; 

[0015] FIG. 3a is a partial cross section vieW of the 
pressure control valve according to a ?rst embodiment of 
this invention. 

[0016] FIG. 3b is a sectional vieW of the pressure control 
valve assembly of FIG. 3a taken along line IIIb-IIIb. 

[0017] FIG. 4 represents a curve of pressure versus ?oW 
for the control valve of this invention. 

[0018] FIG. 5 shoWs as alternate application of the control 
valve system of this invention in a torque transfer mecha 
nism. 

[0019] FIG. 6 is an enlarged sectional vieW of the pressure 
control valve assembly shoWn in FIG. 5 and embodying an 
alternate structural arrangement for the valve assembly. 

[0020] FIG. 7 is a sectional vieW of a related art pressure 
relief valve. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

[0021] FIG. 1 is a cross sectional vieW of a limited slip 
differential employing the pressure control valve of the 
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present invention. However, it is to be understood that While 
the present invention is described in relation to a speed 
sensitive limited slip differential, the present invention is 
equally suitable for use in a variety of torque coupling 
mechanisms using hydraulic pump systems, as Well as other 
hydraulic couplings for a drive-train. A differential case 1 
driven by a ring gear (not shoWn) houses a pair of side gears 
3a, 3b a pair of pinion gears 5a, 5b and a pinion shaft 7 to 
alloW speed differential betWeen a pair of opposite output 
shafts 4a, 4b as is commonly knoWn in the art. A limited slip 
device in the form of a clutch pack 9 is disposed betWeen the 
side gear 3b and the differential case 1. Aplurality of friction 
discs is alternately splined onto the side gear 3b and differ 
ential case 1. A hydraulically actuated piston 11 disposed 
Within a piston chamber serves to compress the clutch pack 
9 and retard any speed differential betWeen the side gear 3b 
and differential case 1. This results in a retardation of any 
speed differential betWeen the shafts 4a, 4b. Preferably a 
gerotor pump 12 is employed to provide pressuriZed hydrau 
lic ?uid to actuate the piston 11 and engage the clutch pack. 
In such an arrangement, as the relative speed betWeen the 
output shafts 4a, 4b increases, the gerotor pump 12 pumps 
?uid to the piston chamber to actuate the clutch pack. As the 
speed increases, the pressure increases. In order to control 
and relieve pressure build up in the piston chamber, a 
self-contained pressure control valve assembly is disposed 
Within the differential case 11. 

[0022] FIG. 2 depicts one arrangement of the pressure 
control valve assembly according to the present invention. 

[0023] FIG. 2 is an enlarged vieW of area Aof FIG. 1. The 
pressure control valve of the present invention includes a 
spring shoWn in the form of a cantilever beam 20 in FIG. 2 
mounted to the differential case 1 for resiliently acting on a 
ball member 24 disposed in blind hole 1a. A groove 1b is 
formed on the pressure side of the hydraulic actuation 
system, and the groove 1b partially 1; intersects the hole 1a. 

[0024] At the intersection of the blind hole 1a and groove 
1b, an area, Which is not sealed by the ball 24, is formed that 
provides a controlled leakage path ‘P’ for the hydraulic ?uid. 
As the hydraulic ?uid ?oW increases, the hydraulic pressure 
of the ?uid on the pressure side increases Which increases 
the force on the ball 24 acting against the spring 20. As the 
pressure increases further, the resultant forces on the ball 
de?ect the spring 20 to increase the bleed area and increase 
the ?uid bled proportionally to the ?uid pressure. Therefore, 
a pressure control mechanism is provided. 

[0025] FIGS. 3a and 3b schematically shoW the control 
valve assembly of FIG. 2 Whereby the cantilevered beam 20 
acts on the ball 24 to seat the ball in the blind hole 1a While 
the leakage path (see arroWs ‘A’) remains at least partially 
open at the intersection of the hole 1a and groove 1b Where 
there is formed a ?uid bleed area 28. FIG. 3b shoWs a cross 
sectional vieW of FIG. 3a taken along line IIIb-IIIb Whereby 
the groove is formed as an elongated notch along line X-X 
With a groove Width ‘W’. The ball contact area of the ball 24 
is shoWn by reference numeral 26. 

[0026] The pressure control valve shoWn in FIGS. 2-3b 
controls the pressure ?oW in a manner that can be controlled 
by changing the dimensions of the hole 1a, groove 1b and 
ball 24. Hydraulic ?oW leakage and pressure control can 
vary With the force of the spring 20. FIG. 4 represents a 
curve of pressure versus ?oW for the control valve of this 
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invention. It is noted hoWever that the spring force may be 
selected to provide a variety of maXimum pressures With 
respect to FIG. 4 and the invention may employ the use of 
non-linear springs. 

[0027] FIG. 5 shoWs as alternate application of the control 
valve system described above With respect to FIGS. 2-4, 
Whereby the control valve system is disposed on an actua 
tion piston 201 for a torque transfer system that couples the 
outer case member 215 and ring gear (not shoWn) to an inner 
differential case 217. A gerotor pump assembly 210 and 
clutch 212 is disposed betWeen the outer case member 215 
and inner case 217. 

[0028] FIG. 6 is an enlarged vieW of area B of FIG. 5. The 
pressure control valve of the present invention includes a 
spring shoWn in the form of a coil spring 220 mounted to the 
actuation piston 201 for resiliently acting on a ball member 
224 disposed in blind hole 201a. A groove 201b is formed 
on the pressure side of the hydraulic actuation system, and 
the groove 201b partially intersects the hole 201a. A screW 
or plug member 230 retains the ball 224 and spring 220 
Within the blind hole 201 a via any suitable manner such as 
threads, friction ?t, adhesive, Welding etc. The screW or plug 
member 230 is formed With a suitable passageWay 232 
formed therein for permitting ?uid ?oW therethrough. 

[0029] As With the embodiment of FIGS. 2-4, at the 
intersection of the blind hole 201a and groove 201b, an area, 
Which is not sealed by the ball 224, is formed that provides 
a controlled leakage path for the hydraulic ?uid. As the 
hydraulic ?uid ?oW increases, the hydraulic pressure of the 
?uid on the pressure side increases Which increases the force 
on the ball 224 acting against the spring 220. As the pressure 
increases further, the resultant forces on the ball de?ect the 
spring 220 to increase the bleed area and increase the ?uid 
bled proportionally to the ?uid pressure. Therefore, a pres 
sure control mechanism is provided. 

[0030] In a modi?ed embodiment of this invention, a 
temperature sensitive spring is used (e.g., as a bimetallic 
member) to alloW the force on the ball to vary With tem 
perature to either decrease upper pressure values at higher 
temperature or increase upper pressure With increase in 
temperature, or to provide compensation for change in ?uid 
viscosity With temperature. 

[0031] As apparent from the foregoing description, the 
valve system of this invention can be an assembly and 
installed in a component as a modular assembly, it can be 
separately mounted, or it can be integrated to a component 
as part of its design. 

[0032] While the present invention has been shoWn and 
described With reference to speci?c embodiments forming 
the best mode, various changes in form and detail may be 
made Without departing from the spirit and scope of the 
invention. While the best modes for carrying out the inven 
tion have been described in detail, those familiar With the art 
to Which this invention relates Will recogniZe various alter 
natives, designs and embodiments for practicing the present 
invention as de?ned by the folloWing claims. For eXample, 
the present invention may be used in a direct torque coupling 
arrangement Where speed sensitive coupling betWeen the 
shafts 4a, and 4b are desired. Additionally, the surface 
forming the seating component for the ball may be formed 
on an insert piece that is threaded into a tap hole, Whereby 
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the ball is seated on the insert piece and resiliently held in 
place by a suitable spring member. 

1. A pressure control valve assembly, comprising: 

an intermediate member separating a ?rst area of high 
pressure With a second area of loW pressure; 

a bore de?ning a blind hole extending from said ?rst area 
to said second area to provide ?uid communication 

therebetWeen; 

a groove Which partially intersects the blind hole, said 
groove being disposed on a high pressure side of said 
intermediate member, said groove extending along a 
length of said bore from said ?rst area to said blind 
hole; 

a ball member seated in the blind hole, said ball member 
disposed on a loW pressure side of said intermediate 
member; and 

a spring resiliently acting on the ball member to apply a 
force biasing the ball into the blind hole, 

Wherein at an intersection of the blind hole and groove, an 
area is formed that provides a controlled leakage path 
for the hydraulic ?uid When said ball member is seated 
in said blind hole, 

wherein as ?oW of the hydraulic ?uid increases, hydraulic 
pressure of the ?uid on the ?rst area of high pressure 
increases Which increases the force on the ball member 
acting against the spring, and 

Wherein ?uid disposed in said ?rst area of high pressure 
actuates a limited slip device Within a differential gear 
assembly. 

2. The valve assembly according to claim 1, Wherein as 
the pressure further increases, a resultant forces on the ball 
member de?ect the spring to increase the bleed area and 
increase the ?uid bled proportionally to the ?uid pressure. 

3. (canceled) 
4. The valve assembly according to claim 1, Wherein said 

intermediate member is a differential case of a differential 
gear assembly. 

5. The valve assembly according to claim 1, Wherein said 
intermediate member is an actuation piston for applying 
axial force to a limited slip device of a differential gear 
assembly. 

6. The valve assembly according to claim 1, Wherein said 
spring is a cantilevered beam af?xed to said intermediate 
member. 

7. (canceled) The valve assembly according to claim 1, 
Wherein said spring is a coil spring mounted to said inter 
mediate member. 

8. The valve assembly according to claim 1, Wherein said 
spring is formed of a temperature sensitive material having 
a spring force that varies With changes in temperature. 

9. The valve assembly according to claim 1, Wherein an 
area de?ned by said controlled leakage path may be varied 
by changing dimensions of at least one said blind hole, said 
groove and said ball member. 

10. Apressure control valve assembly in a differential axle 
assembly comprising: 
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a differential case containing a differential gear assembly 
driven by an input shaft and adapted to alloW differ 
ential rotational speed betWeen a pair of opposing 
output shafts; 

a hydraulic ?oW path for hydraulic ?uid of said differen 
tial gear assembly leading to a limited slip device 
Within the differential case; 

a valve member comprising: 

a bore de?ning a blind hole disposed in said differential 
case; 

a groove Which partially intersects the blind hole, said 
groove being disposed on a high pressure side of said 
differential case, said groove extending along a 
length of said bore and extending from said high 
pressure side to said blind hole; 

a ball member seated in the blind hole adjacent said 
groove; and 

a spring resiliently acting on the ball member to apply 
a force biasing the ball member into the blind hole 
toWard said high pressure side, 

Wherein at an intersection of the blind hole and groove, an 
area is formed that provides a controlled leakage path 
for the hydraulic ?uid, and 

Wherein as How of the hydraulic ?uid increases, hydraulic 
pressure of the ?uid on the high pressure side increases 
Which increases the force on the ball member acting 
against the spring. 

11. The valve assembly according to claim 10, Wherein as 
the pressure further increases, a resultant forces on the ball 
member de?ect the spring to increase the bleed area and 
increase the ?uid bled proportionally to the ?uid pressure. 

12. The valve assembly according to claim 10, Wherein 
said spring and ball member are removably secured to said 
differential case. 

13. The valve assembly according to claim 10, Wherein 
said spring is a cantilevered beam af?xed to said differential 
case. 

14. The valve assembly according to claim 10, Wherein 
said spring is a coil spring mounted to said differential case. 

15. Apressure control valve assembly in a torque coupling 
assembly comprising: 

a torque input member driven by an input shaft; 

a torque output member receiving torque from said torque 
input member; 

a clutch device for drivingly connecting said torque input 
member With said torque output member; 

a hydraulic actuation assembly for actuating said clutch 
device; 

a hydraulic ?oW path for hydraulic ?uid of said hydraulic 
actuation assembly leading from a ?rst area of high 
pressure to a second area of loW pressure; 

a valve assembly interposed betWeen said ?rst area of 
high pressure and said second area of loW pressure, said 
valve assembly comprising: 

a bore de?ning a blind hole disposed in an intermediate 
member of said actuation assembly; 
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a groove Which partially intersects the blind hole, said 
groove being disposed on a high pressure side of said 
intermediate member and extending along a length 
of said bore from said ?rst area to said blind hole; 

a ball member seated in the blind hole opposite said 
groove With respect to said intermediate member; 
and 

a spring resiliently acting on the ball member to apply 
a force biasing the ball member into the blind hole 
toWard said high pressure side, 

Wherein at an intersection of the blind hole and groove, an 
area is formed that provides a controlled leakage path 
for the hydraulic ?uid, and 

Wherein as ?oW of the hydraulic ?uid increases, hydraulic 
pressure of the ?uid on the high pressure side increases 
Which increases the force on the ball member acting 
against the spring. 
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16. The valve assembly according to claim 15, Wherein as 
the pressure further increases, a resultant forces on the ball 
de?ect the spring to increase the bleed area and increase the 
?uid bled proportionally to the ?uid pressure. 

17. The valve assembly according to claim 15, Wherein 
said intermediate member is an actuation piston actuating 
said clutch device. 

18. The valve assembly according to claim 17, Wherein 
said spring is a cantilevered beam a?iXed to said actuation 
piston. 

19. The valve assembly according to claim 17, Wherein 
said spring is a coil spring mounted to said actuation piston. 

20. The valve assembly according to claim 15, Wherein 
said spring is formed of a temperature sensitive material 
having a spring force that varies With changes in tempera 
ture. 


