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TORQUE DISTRIBUTION DEVICE 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to differential drives 
for a motor vehicle, and more particularly, relates to an 
active torque transfer device for use in a vehicle. 

[0003] 2. Description of Related Art 

[0004] The differential drive is Well knoWn in the motor 
vehicle industry. The differential drive is used in conjunction 
With the transmission and drive shaft or propeller shaft (prop 
shaft) to turn the automotive vehicle Wheels at different 
speeds When the vehicle is going around a curve, to differ 
entiate the speed of each Wheel individually and to provide 
the proper amount of torque to each Wheel in slipping, 
turning, or other road to Wheel conditions. 

[0005] In a traditional torque on demand drive train layout 
of an automotive vehicle there is a primary driven front/rear 
aXle and a secondary driven “hang on” aXle that is connected 
via a prop shaft or drive shaft and a torque transfer coupling 
to the primary driven aXle. The torque transfer coupling is 
usually directly in front of the secondary driven aXle. The 
aXle differential creates the division of poWer (or torque) to 
each side shaft of the aXle. The primary driven aXle also 
includes a differential Which divides necessary poWer to the 
side shaft of each front aXle and then the Wheels. The 
division of torque betWeen the front and rear aXle is com 
pleted by the torque transfer coupling Which is a separate 
unit on the drive train system and requires space for its 
housing and other related parts. A current state of the art 
torque transfer coupling for an automotive vehicle is located 
betWeen the primary and secondary driven aXles of the 
vehicle and, generally consists of a friction clutch pack 
Which is loaded via a ball ramp mechanism. The ball ramp 
mechanism is engaged by an electric motor. An electronic 
control unit senses slip conditions of the Wheels, monitors 
current driving conditions of the vehicle and applies a 
current to the electric motor Which Will engage the clutch via 
the ball ramp mechanism and distribute torque to each Wheel 
as necessary. 

[0006] An active torque transfer system provides maXi 
mum ?exibility in the distribution of torque betWeen the 
aXles of an all Wheel or four Wheel drive automotive system. 
A similar system can be used in applying torque Within an 
aXle on a side to side basis betWeen a left rear Wheel and a 
right rear Wheel. Other devices currently used in the art for 
active torque transfer include electromagnetically engaged 
pilot clutch to drive a ball ramp mechanism. This mecha 
nism loads the main clutch via electromagnetically engaged 
pilot clutches. Most of the systems use the same ball ramp 
mechanism but use different engagement mechanisms to 
engage the ball ramp mechanism to the clutch unit. All of 
these active torque drive systems are located in a separate 
housing usually directly in front of the rear differential in 
most cases. 

[0007] Therefore, there is a need in the art for a device to 
simplify and reduce the Weight and required space of an 
active torque distribution device for use in an automotive 
vehicle. 

SUMMARY OF THE INVENTION 

[0008] One object of the present invention is to provide an 
improved torque distribution device. 
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[0009] Another object of the present invention is to pro 
vide a torque distribution device that includes a clutch pack 
that runs at aXle speed, Which Will reduce imbalance issues 
to the transaXle. 

[0010] Yet a further object of the present invention is to 
reduce the packaging requirement in the propeller shaft area 
of the automotive vehicle. 

[0011] Still another object of the present invention is to 
provide a differential that does not require a separate oil 
housing for a clutch pack, but also reduces or minimiZes the 
effort for the bearings and seals. 

[0012] A further object of the present invention is to 
reduce the number of interfaces in the drive train While also 
reducing the Weight and cost of the drive train assembly. 

[0013] Still a further object of the present invention is to 
integrate Within the eXisting aXle housing the engagement 
mechanism needed to control the torque betWeen the front 
and rear aXles. 

[0014] Still a further object of the present invention is to 
combine the front to rear and side to side locking features of 
a drive train system Within one system unit. 

[0015] To achieve the foregoing objects the differential 
drive for use on a vehicle includes a rotatably driven 
differential housing supported in an aXle housing. A differ 
ential gear set arranged and supported in the differential 
housing. A torque distribution device adjacent to the differ 
ential gear set. The torque distribution device connects one 
differential side shaft gear With one side shaft. The torque 
distribution device is arranged to control the torque betWeen 
a front aXle and a rear aXle of the automotive vehicle. 

[0016] One advantage of the present invention is a neW 
and improved torque distribution device for a vehicle. 

[0017] Afurther advantage of the present invention is that 
the torque distribution device uses a clutch pack that runs 
With aXle speed Which reduces imbalance issues throughout 
the transaXle. 

[0018] A further advantage of the present invention is the 
reduced packaging requirement in the prop shaft area of the 
drive train system. 

[0019] Still a further advantage of the present invention is 
the inclusion of the clutch pack Within the housing of the 
differential thus requiring no separate oil housing and also 
reducing the effort for bearings and seals While improving 
the cooling of the clutch pack. 

[0020] Another advantage of the present invention is the 
reduced number of interfaces Within the drive train system 
and the reduced Weight and costs of distributing torque to the 
drive train system. 

[0021] A further advantage of the present invention is the 
integration Within the aXle housing of the engagement 
mechanism for the torque distribution device. 

[0022] A further advantage of the present invention is the 
combination of front to rear and side to side locking control 
features Within one system. 

[0023] Other objects, features, and advantages of the 
present invention Will become apparent from the subsequent 
description and appended claims taken in conjunction With 
the accompanying draWings. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0024] FIG. 1 shows a schematic vieW of a vehicle system 
according to the present invention. 

[0025] FIG. 2 shoWs a schematic vieW of a vehicle drive 
train system according to the present invention. 

[0026] FIG. 3A shoWs a cross section through a differen 
tial drive according to the present invention. 

[0027] FIG. 3B shoWs a cross section through a differen 
tial drive including an optional second clutch pack according 
to the present invention. 

[0028] FIG. 4 shoWs an alternate embodiment in partial 
cross section of the present invention. 

[0029] FIG. 5 shoWs a cross section of a tWo pinion 
differential. 

[0030] FIG. 6 shoWs a cross section of an alternate 
embodiment of a three pinion differential. 

[0031] FIG. 7 shoWs an exploded vieW of the engagement 
mechanism used in the present invention. 

BEST MODE OF CARRYING OUT THE 
INVENTION AND DESCRIPTION OF THE 

PREFERRED EMBODIMENT(S) 

[0032] Referring to the draWings, a torque distribution 
device 10 according to the present invention is shoWn. FIG. 
1 schematically illustrates an all Wheel drive or four Wheel 
drive motor vehicle 12 that is a primary front Wheel driven 
vehicle, hoWever, the present invention can be used on a 
primary rear Wheel driven vehicle as Well. 

[0033] The motor vehicle 12 as shoWn in FIG. 1 is 
primarily driven by a front axle 15. The motor vehicle 12 is 
an all Wheel or four Wheel drive vehicle and is driven by 
poWer transferred from the engine 16 through a transaxle or 
gear box 18 Which may be either automatic or a manual gear 
box, into the poWer take off 20 of the drive train assembly 
and ?nally on through to the ?rst differential 30 and When 
demanded to the rear differential 22 via a propeller shaft or 
driving shaft 24, Which transfers poWer to the rear differ 
ential 22. At the rear differential 22 poWer is split to a left 
hand rear side shaft 26 and a right hand rear side shaft 28 for 
distribution to the Wheels at the rear of the vehicle. The front 
differential 30 controls poWer and slip or spin from the left 
hand front side shaft 32 and the right hand front side shaft 
34. In an all Wheel drive vehicle poWer is delivered to both 
the rear differential 22 and the front differential 30 via a 
distributing drive, but either the front axle 15 or rear axle 14 
is the primary driven axle, With the other axle only receiving 
most of the poWer When needed. The preferred embodiment 
of the present invention is an all Wheel drive vehicle Wherein 
the torque distribution device 10 is located Within the rear 
differential 22 and acts from there to distribute torque to the 
front and rear axles of the vehicle. 

[0034] FIG. 2 shoWs the drive train 36 of an all Wheel 
drive vehicle. The drive train 36 includes a front axle 15 
Which includes the left hand front side shaft 32 and the right 
hand front side shaft 34. The propeller shaft or drive shaft 24 
transmits poWer from the poWer take off 20 to the rear 
differential 22. The rear differential 22 has a left hand rear 
side shaft 26 and a right hand rear side shaft 28 extending 
therefrom to the vehicle Wheels Which Will drive the vehicle 
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in a forWard or reverse motion. The rear differential drive 20 
includes an axle housing 40 in Which a differential housing 
42 is rotatably supported around a rotational axis. The 
differential housing 42 is driven by the vehicle gear box via 
a driving gear 44. The torque distribution device 10 of the 
current invention is located Within the differential housing 
40 and is used to actively transfer torque betWeen the front 
axle 15 and the rear axle 14 as shoWn in FIG. 2. The use of 
the torque distribution device 10 Within the differential drive 
22 in conjunction With an open differential 42 Will reduce the 
Weight and cost of the car by removing the need of a torque 
transfer coupling Which is usually located directly in front of 
the rear differential drive. The incorporation of the torque 
transfer device 10 Within the differential drive 22 greatly 
reduces the space required on the undercarriage of the car 
leaving more space for exhaust and fuel tank needs. 

[0035] FIGS. 3A and 3B shoW a cross section of the 
differential drive 22 Which includes the axle housing 40 
Which rotatably supports the differential housing 42 around 
a rotational axis. Within the differential housing 42, a 
differential gear set 48 is rotatably arranged and supported. 
In the preferred embodiment the differential gear set 48 is a 
standard bevel ore planetary set. This gear set 48 generally 
includes tWo differential bevel gears 50, 52 that are rotatably 
arranged on a bearing pin 54 Which axis forms a rotational 
axis for the tWo differential bevel gears 50, 52. The rota 
tional axis for the differential bevel gears or differential 
gears 50, 52 Will intersect the rotational axis for the differ 
ential side shaft gears 56, 58 Within the differential housing 
42. The differential housing 42 includes tWo differential side 
shaft gears 56, 58 that are arranged around a rotational axis 
as to be rotatable relative to the differential housing 42. The 
differential side shaft or side shaft gears 56, 58 are rotatably 
received in bores 60 of the differential housing 42. The side 
shaft gears are supported against the interfaces of the dif 
ferential housing 42 With supporting discs 62 arranged 
therebetWeen. The axis of rotation of the side shaft gears 56, 
58 and the axis of rotation of the differential gears 50, 52 
intersect each other at a right angle. The propeller shaft or 
drive shaft 24 engages the differential housing 42 via a 
driving gear 44. 

[0036] The torque distribution device 10 is located Within 
the differential housing 42 and engages the differential gear 
set 48. The torque distribution device 10 Will connect one of 
the differential side shaft gears 58 With one of the side shafts 
28. The torque distribution device 10 includes a clutch pack 
64 Which in the preferred embodiment is a friction clutch 
pack as shoWn in FIG. 3A. The friction clutch pack 64 
includes a ?rst end housing (outer face) 66 and an inner hub 
68 to Which friction plates 70 are attached in an alternating 
fashion so as to overlap With each other. Apressure ring 72 
engages one end of the friction pack clutch 64 and Will 
provide the engagement onto the clutch to control the torque 
betWeen the one side shaft gear 58 and one side shaft 28. The 
pressure ring 72 is activated by a pin 74 and spring 76 
combination Which is in turn controlled by an engagement 
mechanism 78 as shoWn in FIG. 7. 

[0037] The engagement mechanism 78 is a ball ramp type 
mechanism Which is engaged by an electric motor 80. As 
shoWn in FIG. 7 an electric motor 80 includes reduction 
gearing 84 Which transmits forces through an expander disc 
82. The expander disc 82 includes a plurality of circumfer 
ential extending grooves 86. Connected to the expander disc 
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82 is a pressure disc 88 Which has expander balls 90 With 
ball ramps placed there between, such that the expander 
balls 90 are disposed one in each of the extending grooves 
86. Engaging the pressure disc 88 on a side opposite the 
expander disc 82 is a thrust race ring 92. A pressure ring 94 
Which connects through to the friction discs 96 of the 
expander mechanism 78. An electronic control unit 98 is 
connected to the electric motor 80 and also connected to the 
Wheels of the vehicle. The electronic control unit 98 moni 
tors the driving conditions being encountered by the vehicle 
and Will sense any slip conditions or other driving conditions 
and apply a current to the electronic motor 80 based on 
reactions to the slip conditions sensed in the Wheels. The 
expansion of the expansion mechanism Will engage the pin 
74 and spring 76 Which Will depress the pressure ring 72 and 
engage the clutch pack 64 Which is in contact With the 
vehicle side shaft gear 58 and side shaft 28. 

[0038] As shoWn in FIG. 3A the differential gear set 48 
Will take the speed difference betWeen the front and rear 
driven axle and betWeen the left and right hand Wheels of the 
secondary driven or rear axle at the same time. This all 
occurs While the clutch pack 64 is running at the same speed 
as the axle speed and providing the torque transfer to one 
side shaft 28 and then onto a Wheel. The second side gear 
shaft 56 and the connected side shaft 26 and Wheel, is then 
driven With the same torque via the open differential. There 
fore, the differential acts as an open differential betWeen the 
left and right side shafts of the axle alloWing the Wheels to 
spin freely. FIG. 3A shoWs the engagement mechanism, 
Which is a ball ramp mechanism in our preferred embodi 
ment, attached to the differential case 42 and therefore 
causes no added load on the bearings 100 of the differential 
drive. The torque distribution device 10 as described above 
controls the slip betWeen the front and rear axles of the 
automotive vehicle by controlling one of the side shafts 28 
of the secondary driven axle. This removes the need for a 
separate torque transfer coupling Which is generally located 
directly in the prop shaft usually in front of the rear 
differential drive. As shoWn in FIG. 3B it should also be 
noted that Within the differential housing 42 is located a 
second set of friction plates that are engaged betWeen the 
side shaft gear 58 and the differential housing 42 Which Will 
provide additional side to side locking control betWeen the 
right hand Wheel and the left hand Wheel of the side shaft, 
respectively. Therefore, the torque distribution device 10 as 
described above including the second clutch pack or friction 
plates 102 can combine and control both front to rear and 
side to side locking effects. The locking effects controlled 
betWeen the front to rear and side to side by the torque 
distribution device 10 can be set up in a ratio such that you 
can tune the device 10 by adjusting the number of friction 
plates used for each function, i.e., front to rear torque control 
and side to side torque or locking effect control. 

[0039] FIG. 4 shoWs an alternate embodiment of the 
present invention Wherein the engagement mechanism 278 
is located Within the axle housing in Which case the right 
hand taper bearing 200 is loaded With the engagement force 
of the motor and ball ramp engagement mechanism 278. The 
ball ramp engagement mechanism 278 Works the same Way 
as described above. As shoWn in FIG. 4 the differential gear 
set 248 is rotatably mounted Within the differential housing 
242. The differential bevel gears 250 are mounted on a 
smaller bearing pin 254 and are in contact With the differ 
ential side, shaft gears 256, 258. Positioned betWeen the side 
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shaft gears 256, 258 is located a thrust bearing 263 to keep 
the side shaft gears 256, 258 from rubbing against each other 
causing unWanted noise. The reduced pin differential gear 
sets 248 have at least tWo differential gears 250, 252 but may 
have more depending on the design of the differential 
housing 242. The differential gear 250 is alloWed to move 
small amounts to adjust to the interaction betWeen the side 
shaft gears 256, 258 and the differential gears 250, 252. The 
clutch pack 284 is arranged in the same manner as found in 
the above embodiment. The second clutch pack 302 Which 
is used to control side to side spinning and torque on the axle 
is engaged betWeen the side shaft gear 256 and the differ 
ential housing 242. 

[0040] FIG. 5 and FIG. 6 shoW cross sections of the 
differential gear set 248 as described in the embodiment 
shoWn in FIG. 4. FIG. 5 shoWs the tWo pin differential gear 
set 348. The tWo pin differential gear at 348 includes tWo 
differential gears 350, 352 connected to the reduced bearing 
pin 354. A side shaft gear 358 is in rotatable engagement 
With the differential gears 350, 352. The bearing pins 354 are 
secured Within a notch 361 of the differential housing 342. 
FIG. 6 discloses the three pin differential gear set 448. The 
three pin differential gear set 448 includes three differential 
gears 450, 451, 452 connected to reduced bearing pins 454. 
A side shaft gear 458 is rotatably engaged With the differ 
ential gears 450, 451, 452. The bearing pins 454 are secured 
Within a notch 461 of the differential housing 442 Wall. 

[0041] The improved torque distribution device 10 as 
described above creates several advantages over the prior art 
including the clutch pack running With and at axle speed 
Which Will reduce imbalance issues Within the drive train 
system. The minimiZed packaging requirement in the prop 
shaft or drive shaft area also increases room needed for 
exhaust and fuel tank purposes. There is no separate oil 
housing necessary for the clutch pack as it is built Within the 
differential housing and the lubricant used Within the dif 
ferential housing 42 is also used for the clutch pack 64. The 
device 10 reduces the effort needed for bearings and seals by 
being incorporated in the differential housing 42. This also 
Will improve cooling of the torque distribution device 10 by 
using the same lubricant or oil as found in differential drives. 
The combination and inclusion of the torque distribution 
device 10 Within the differential drive 22 also reduces the 
number of interfaces needed from the differential drive 22 to 
the poWer distribution portion of the drive train assembly. 
There is a reduction in Weight because a torque transfer 
coupling and housing is no longer necessary and this also 
reduces costs by tooling feWer parts. Furthermore, the 
engagement mechanism Whether it is a ball ramp mechanism 
or any other type of mechanism such as electromagnetically 
engaged pilot clutches, etc., may be integrated directly into 
the differential drive 22. Furthermore, the combination of 
both front to rear axle control and right Wheel to left Wheel 
spin control in one unit greatly reduces the complexity of the 
drive train system. 

[0042] The present invention has been described in an 
illustrative manner, it is to be understood that the terminol 
ogy Which has been used is intended to be in the nature of 
Words of description rather than of limitation. 

[0043] Many modi?cations and variations of the present 
invention are possible in light of the above teachings. 
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Therefore, Within the scope of the appended claims, the 
present invention may be practiced otherwise then as spe 
ci?cally described. 

What is claimed is: 
1. A differential drive for use on a vehicle, said drive 

including: 
a rotatably driven differential housing supported in a 

housing; 
a differential gear set arranged and supported in said 

differential housing; and 

a torque distribution device adjacent to said differential 
gear set, said torque distribution device connects one of 
the differential side shaft gears With a side shaft, said 
torque distribution device arranged to control torque 
betWeen a front aXle and a rear aXle of the vehicle. 

2. The differential drive of claim 1 Wherein said differ 
ential gear set includes tWo side shaft gears arranged and 
supported in said differential housing. 

3. The differential drive of claim 2 Wherein said differ 
ential gear set further includes at least tWo differential gears 
Which engage said side shaft gears and are rotatable sup 
ported in said differential housing. 

4. The differential drive of claim 1 Wherein said differ 
ential gear set obtains a speed difference betWeen said front 
and rear aXle and betWeen a left and a right Wheel of said rear 
aXle at a predetermined time. 

5. The differential drive of claim 1 Wherein said torque 
distribution device includes a clutch pack, said clutch pack 
runs With aXle speed and provides a torque transfer to a ?rst 
side shaft. 

6. The differential drive of claim 5 Wherein a second side 
shaft gear is driven With said same torque via said differ 
ential gear set. 

7. The differential drive of claim 6 Wherein a differential 
gear operates betWeen said ?rst and said second side shaft 
gears, said differential gear alloWs vehicle Wheels to spin 
freely. 

8. The differential drive of claim 6 further including a 
second clutch pack engaged With said second side shaft gear 
and said differential housing. 

9. The differential drive of claim 8 Wherein said second 
clutch pack provides a side to side locking function. 

10. The differential drive of claim 1 Wherein said torque 
distribution device includes a clutch pack, a pin for engaging 
said clutch pack, a ball ramp mechanism Which engages said 
pin opposite said clutch pack, and an electric motor Which 
engages said ball ramp mechanism. 

11. The differential drive of claim 10 Wherein said ball 
ramp mechanism is integrated in said housing. 
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12. The differential drive of claim 10 Wherein said ball 
ramp mechanism is attached to said differential housing 
Without any added load on bearings. 

13. The differential drive of claim 1 further including 
friction plates adjoining said side shaft gear and said differ 
ential housing to create a side to side locking effect. 

14. The differential drive of claim 1 further including 
friction plates adjoining a second side shaft gear and said 
differential housing to create a side to side locking effect. 

15. The differential drive of claim 13 Wherein number of 
said friction plates used to determine a locking ratio betWeen 
said front aXle and said rear aXle and side shaft to side shaft. 

16. The differential drive of claim 1 Wherein said torque 
distribution device combines front to rear and side to side 
locking features. 

17. An improved torque distribution device for use on a 
vehicle drive train system, having an engine, a transaXle, a 
front and a rear differential, a propeller shaft connecting the 
front and rear differential, a right and left side shaft eXtend 
ing from each of the front and rear differentials, said 
improved torque distribution device comprising: 

the rear differential having a differential gear set, said 
torque distribution device engaged With said differen 
tial gear set Within said rear differential housing; 

said torque distribution device including a friction clutch 
pack engaged With one of a side shaft gear and a side 
shaft, said clutch pack runs With aXle speed and pro 
vides torque transfer betWeen said front and rear dif 
ferentials. 

18. The torque distribution device of claim 17 further 
including a second clutch pack in contact With a side shaft 
gear and said rear differential housing, said second clutch 
pack provides a locking function to the left and right side 
shafts of the rear differential. 

19. The torque distribution device of claim 17 combining 
a front to rear and left to right side shaft locking features in 
a single unit. 

20. Amethod of controlling the transfer of torque betWeen 
a front and rear aXle of a vehicle, said method including the 
steps of: 

locating a torque distribution device adjacent to a differ 
ential gear set in a differential housing; 

connecting one of a differential side shaft gear to a side 
shaft via a clutch arrangement; and 

controlling torque transfer betWeen the front and rear 
aXles by said differential side shaft gear. 

* * * * * 


