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(57] ABSTRACT

An mmproved limited slip differential gear assembly for
driving each axle of a pair of coaxiallv aligned vehicle
axles at the same rotational speed or at relatively differ-
ent rotational speeds as conditions require. The assem-
bly includes an improved externally controllable clutch
mechanism for preventing excessive relative rotation of
the axles. The amount of the clutch force being applied
to resist relative rotation may be vaned independently
of the relative rotational speed of the axles and also of
the torque level in the gear assembly. Preferably the
clutch mechanism is incorporated in a planetary wheel
type differential and 1s activated electromagnetically.
The clutch mechanism may include a cam operated
supplemental clutch device for applying an additional
clutch force in response to any continued relative rota-
tion which may occur after the first clutching force has
been applied by the electromagnet.

32 Claims, 3 Drawing Sheets
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1

LOCKING DIFFERENTIAL WITH
ELECTROMAGNETIC ACTUATED CLUTCH

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions made

by reissue.

BACKGROUND OF THE INVENTION

. Technical Field

This invention relates to a limited slip differential
mechanism for effectively transferring torque to both of
a coaxially aligned pair of axles of a wheeled vehicle.
More specifically it relates to a compact limited shp
differential mechanism which includes an externally
controllable electromagnetically operated clutch mech-
anism that provides a variable resistance to excessive
relative rotation of the axles irrespective of the rate of
relative rotation and of the output shaft torque level.

2. Prior Art

Many of the prior art differential gear mechanisms
were not only bulky but were also excessively comph-
cated and thus costly to manufacture. These problems
were often compounded by the addition of various
means to limit differential rotation of the vehicle axles
automatically in the event of loss of traction between
the road surface and one of the wheels. In most 1in-
stances the amount of resistance to relative rotation
provided by the automatically controlled slip limiting
differentials was entirely dependent upon or directly
proportioned to the rate of relative rotation and the
output shaft torque level. Even though these devices
were a vast improvement over open differentials, they
did not satisfy all conditions. This was particularly true
with respect to conditions involving incipient wheel
slippage, low wheel slippage and low slipping wheel
torque.

Accordingly, it is an object of this invention to solve
these problem and provide a compact, durable and
effective differential gear assembly which is economical
to produce and is capable of controiling the resistance
to differential rotation of the vehicle axles irrespective
of the rate of their relative rotation and torque levels.

It is another object of this invention to more effec-
tively control the resistance to differential rotation by
providing an electromagnetically vanable first force
resisting differential rotation and a cam operated sup-
plemental second force resisting any continuing differ-
ential rotation which occurs after the first force has
been applied and for its duration.

SUMMARY OF THE INVENTION

The differential gear assembly disclosed herein 1s
comprised cf a gear driven differential case rotatably
contained in a larger housing. A radially disposed plane-
tary gear wheel is splined to one of a pair of coaxially
aligned vehicle axles. It supports a plurality of pairs of
meshed gears. One gear of each pair engages an annular
gear formed on the inside of the differential case while
the other gear of each pair engages a sun gear that 1s
splined to the other axle. An electromagnetically oper-
ated clutch capable of being controlled from an external
location is provided to limit relative rotation between
the two axles. The level of resistance to relative rotation
may be controlled irrespective of relative rotation. Pref-
erably a cam operated supplemental clutch mechanism
is incorporated in the clutch system to automatically
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apply additional side pressure against some of the clutch
disks of the aforementioned ciutch assembly in the
event relative rotation continues after the electromag-
net has been activated. The suppiemental clutch mecha-
nism is activated in part by the resistance resulting from
the application of the first force and in part by any
continuing differential rotation occurring during the
duration of the first force.

The above mentioned objects and advantages and
various other features of this invention wiil be under-
stood best if the following description is read in con-

junction with the accompanying drawings which illus-

trate two preferred embodiments.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a sectional plan view of one embodiment of
this invention taken along its centerline except for the
planetary gear wheel assembly which is taken along line
1—1 FIG. 2,

FIG. 2 is an enlarged right side view of the planetary
gear wheel assembly of FIG. 1,

FIG. 3 is a sectional plan view similar to FIG. 1 but
of another embodiment of the invention,

FIG. 4 is a partially sectioned view similar to FIG. 1
showing details of the supplemental clutch mechanism.

FIG. § is an end view of an annular cam member of
the supplemental clutch mechanism showing details of
the cam teeth elements on its face.

DETAILED DESCRIPTION OF THE
INVENTION

Many of the elements and their functions are the same
for both embodiments so for the sake of brevity they
will be described in detail only with respect to the first
embodiment. For ease of understanding similar parts
will be given similar reference numerals.

Referring to the drawings the differenuial gear assem-
bly embodiment 10 illustrated in FIGS. 1 and 2 1s com-
prised of an outer housing 12 containing a rotatable
differential gear assembly case 14 mounted in a pair of
coaxially disposed tapered roller bearings 16, 18 by
means of hub sections 20, 22 extending from opposite
ends of the case. The ends of coaxially aligned axles 24,
26 are journaled inside these hub sections. A pmion
driven ring gear 28 is affixed to a radially disposed
annular flange 30 on the periphery of the case. The case
itself is made of two axially separable members 32, 34.
The case member 32 on the left side of FIG. 1 has a
large diameter circumferentially disposed annular gear
36 with inwardly facing parallel teeth integrally con-
nected to the inside of the case member.

A radially disposed planetary gear assembly 40 1s
mounted coaxially inside of the annular gear 36. The
wheel has two parallel side plates 42, 44 the left one of
which is integrally connected to the left side of hub
section 46 which in turn is connected to the end of left
axle 24 by means of internal splines. The circular central
portion of the right plate 44 is cut out to form an annular
opening between it and the periphery of the adjoining
right end of the hub 46. The side plates have a plurality
of parallel planar inner face sections. Meshed pairs of
planet gears 48,50 are rotatably mounted on parallel
pins 52 at the planar face sections. The side piates are
cross connected by radially disposed web members 54
interposed between the pairs of planet gears. The thick-
ness of the web members 54 increases in a radially in-
ward direction.
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One gear of each meshed pair, namely gear 48, is
disposed closer to the periphery of the wheel than the
other gear. These outer gears 48 all mesh with annular
gear 36. The inner gear 50 of each pair is meshed with
a sun gear 56 having a gear section which extends into
the wheel through the annular opening in the right side
plate 44.

The sun gear 56 has a generally cylindrical midsec-
tion 58 which lies between an integrally connected left
end section 60 and an integrally connected right end
section 62. The rnight end section of the sun gear is
splined internally to the end of the right axle 26 and
extends between this axle and a concentric bearing sur-
face 64 recessed in the end of the right case member 34.
At the junction of the right end section 62 and the mid-
section 58 there is a radially disposed annular shoulder
66 which extends between the offset peripheries of the
adjoining sections 58, 62 and bears against a corre-
sponding annular shoulder on the right case member 34.
The left end section 60 of the sun gear 56 is journaled on
the planetary wheel hub 46 and thus is free to rotate
about 1t. The radially disposed face 68 on the left end of
section 60 bears against the inner wall of left side plate
42. The gear teeth on the outside of the sun gear 56
extend from its left end to the right end of its midsection
58.

An electromagnetically operated clutch assembly 70
Is tncorporated in the differential to provide a variably
controilable resistance to the relative rotation of the
coaxially aligned output shafts of axles 24, 26. Clutch
assembly 70 includes a wet clutch pack comprised of a
plurality of laterally movable annular clutch disks con-
centrically stacked together side by side. Alternate disks
74 and intermediate disks 76 of the clutch pack are
linked respectively by one or more components to the
left and right axles 24. 26. For example, a plurality of
intermedtate clutch disks 76 are slidably keyed by mean
of radially inwardly projecting teeth to the right end
portion of the sun gear teeth surrounding its midsection
38. As was mentioned before, the sun gear 56 is splined
to the nght axle 26. The linkage or torque path between
the alternate clutch disks 74 and axle 24 includes the
right side case member 34, the left side case member 32,
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40. First of all the clutch disks 74 are slidably keyed to
the right side case member 34. In the FIG. 1 embodi-
ment the number of alternate disks 74 linked to the left
axle 24 exceeds the number of intermediate disks 76
linked to the right axle 76 by one. There are actually
twelve disks 74 and eleven disks 76 in the illustrated
clutch pack.

An axially movable clutch cage 78, having a radially
disposed annular pressure plate 80 at one end, is used to
apply a lateral force against an adjacent end face of the
clutch pack which is sandwiched between the pressure
plate 80 and an opposing annular clutch surface on the
inside of case member 34. The clutch cage 78 has a
plurality of parallel legs 82 which are integrally at-
tached to the periphery of the pressure plate 80 and
extend laterally to the right through apertures in the
side wall of right side case member 34. An annular steel
armature 84, spaced in close proximity to the outside
surface of case member 34, is connected by threaded
fasteners to the protruding ends of cage legs 82. Com-
pression springs 86 contained in opposed recesses in the
confronting faces of the case side wall and armature
restliently bias the armature and cage axially to the
nght. This results in a light or trace preload pressure

45

50

55

b3

4

being applied to the clutch pack. However, the preload
pressure is light enough not to cause significant fric-
tional resistance between adjoining clutch disks 74,76.

An annular electromagnet 87 is mounted in a fixed
portion inside of the differential housing 12 adjacent to
the annular armature 84. It is symmetrically disposed
with respect to the armature and the confronting face of
these two components are spaced an effective distance
from each other so that when the electromagnet is ener-
gized the armature and attached clutch cage will be
drawn towards the electromagnet. This reaction com-
presses the clutch pack and increases the resistance to
relative rotation between adjoining clutch disks 74, 76
and likewise between the components keved to them.
Activation of the electromagnet and regulation of the
mtensity of the magnetic field occur preferably by
means of electronic controls or alternatively as a result
of driver intervention. Electrical wires 88, 89 extend
outwardly from the electromagnet 87 to an external
control (not shown) which 1s accessible 1o the vehicle
operator.

Now referring to FIG. 3 of the darwings, the differ-
ential assembly embodiment 110 illustrated in this Fig.
and the following Figs. is basically the same as the
previously described embodiment 10 except for modifi-
cations relation to the inclusion of a cam operated sup-
plemental clutch mechanism. The planetary wheel as-
sembly 140 has been modified by the addition of an
annular face cam member 141 integrally connected to
the outside of right side plate 144 of assembly 140. A
plurality of radially disposed truncated V-shaped cam
elements in the form of grooves 143 are provided on the
otherwise planar face of member 141. These cam
grooves 143 are mated with an equal number of simi-
larly shaped cam lobes or teeth 145 formed on the cam
face end of a relatively rotatable annular cam collar
member 147 (see FIG. 5). The cam slopes on opposite
sides of each tooth are mirror images of one another.
The effective angles of these cam slopes, measured in a
circumferential direction with respect to the adjoining
pianar face portion of member 147, decrease slightly in
a radially outward direction. Preferably the mean angle
of the slope is in the range from 20° to 30° and in the
instant case 1s 25°. The slopes may be contoured or
skewed so as to provide surface rather than line contact
between the mating cam elements.

Cam collar member 147 is mounted concentrically
alongside cam element 141 and has a generally cylindri-
cal body which extends axially from its cam face end to
a clutch face end. It also has a plurality of rectangular
grooves 149 formed in its periphery. These grooves
extend from the clutch face end laterally towards the
cam end of the body and are provided to slidably con-
tain radially inwardly projecting clutch disk lugs of
intermediate clutch disks 176". The body of cam collar
member 145 protrudes into the left end of the clutch
pack through a first group of clutch disks comprising
four alternate clutch disks 174’ and three intermediate
clutch disks 176", Clutch disks 174" are slidably keyed 1o
the right side case member 134 by radially outwardly
extending lugs on their peripheries. The clutch face end
of the cam body is adapted to bear against the left side
of an intermediate clutch disk 176 which is the first disk
of a second group of clutch pack disks. The second
group s located on the right of the first group and
includes alternate disks 174. Cluich disks 174, 176 are
respectively linked to left and right axies 124, 126. It is
to be noted that the electromagnetic clutch system op-
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erates directly on the clutch disks 174, 176, 174" 176" of
both groups whereas the cam system operates directly
on the clutch disks 174, 176 of the second group only.
During normal operation of a vehicle traveling in a
straight path on a dry road, there is no differential rota-
tion and the cam teeth are fully seated in the cam
grooves. To assure proper seating, clearance are pro-
vided between the opposing planar face portions of the
cam members and between the flat truncated portions
of the teeth and grooves. There is also a minimal clear-
ance between the clutch face end of the cam collar and
the adjacent disk 176. Under adverse conditions when
excessive differential rotation occurs, the electromagnet
is energized to an appropriate degree and a correspond-
ing side pressure is applied-to the clutch peak to effec-
tively resist the relative rotation between adjoining
clutch disks. As a result of this resistance the cam collar
begins to rotate relative to the opposing cam member.
This in turn causes the teeth to be displaced axially from
their fully seated position in the cam grooves and moves
the cam collar to the right thus applying an additional
lateral force on the clutch disks 176, 174.

The annular electromagnet 187, 1n addition to being
affixed to a rigid post of the outer housing 112 is sup-
ported on a plastic bushing 189 journaled on a cylindn-
cal end of the right differential case section 134. The air
gap between the face of the electromagnetic and the
confronting face of the annular steel armature 184 is
adjusted by means of annular shims 185 disposed be-
tween the left side of the bushing 189 and an opposing
shoulder on the right side case member 134.

Although the invention has been described with re-
spect to two embodiments, both of which involve plan-
etary gear wheel types of differentials, 1t 1s to be under-
stood that the invention can be practiced with conven-
tional bevel gear types of automotive differentials if
compactness is not essential. Furthermore it 1s to be
understood that even though spur gears are illustrated
in the drawings, gears having other teeth configura-
tions, such as helical gears, can be used. Accordingly,
the scope of the invention is to be determined primanly
by the appended claims.

What is claimed is:

1. A limited slip differential gear assembly for driving
each axle of a pair of coaxially aligned vehicle axles at
the same relative speed and at relatively different speeds
under various conditions, said assembly comprising: an
outer housing, a differential gear mechanism rotatably
mounted in said housing, means for connecting said
axles to said differential gear mechanism, said differen-
tial gear mechamism having component parts opera-
tively linking said axles to one another such that one
axle can rotate relative to the other, said component
parts having at least two members which rotate relative
to each other during relative rotation between said
axles, a clutch means capable of producing a varable
resistance to differential rotation of said axles, said

clutch means having a plurality of annular clutch disks

with alternate disks being keyed to one of said two
members and intermediate disks keyed to the other of
said two members, said clutch disks being collectively
designated as a clutch pack, said clutch means having a
means for applying a remotely controllable first vari-
able force laterally against the entire clutch pack to
increase resistance to rotation between adjacent disks,
and means for applying a supplemental force laterally
against only some of said disks, said supplemental {orce
applying means being responsive to continuing relative
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rotation of said axles after said first force has been ap-
plied.

2. A limited slip differential gear assembly according
to claim 1 wherein said means for applying a supple-
mental force includes a rotatable annular cam member
slidably keved to some of said intermediate disks.

3. A limited slip differential gear assembly according
to claim 2 wherein said clutch pack is divided into a first
group of alternate and intermediate disks and a secondg
group of alternate and intermediate disks, said means for
applying a first variable force operates against both
groups and includes an electromagnet, and said cam
member is activated by said second group and operates
only against said first group.

4. A limited slip differential gear assembly according
to claim 3 wherein said intermediate disks of said second
group are slidably keyed to said cam member.

5. A limited slip differential gear assembly according
to claim 2 wherein one end face of said annular cam
member has a clutch plate surface for bearing against
one of said intermediate disks and the opposite end face
of said cam member has a plurality of radially disposed
cam elements which cooperate wit corresponding cam
elements formed on a confronting face of another differ-
ential component member.

6. A limited slip differential gear assembly according
to claim 5 wherein said cam elements are generally
V-shaped mating teeth and notches, and the angles of
their opposite side slopes are equal and in a range of
20°-30° relative to the otherwise planar faces of said
cam members.

7. A limited slip differential gear assembly according
to claim 1 wherein said means for applying said first
variable force is an electromagnet means which in-
cludes a stationary electromagnet affixed to the inside of
said outer housing, a coaxially disposed rotatable annu-
lar steel armature spaced by an air gap an effective
distance from said electromagnet, said armature being
disposed between said electromagnet and said difteren-
tial gear mechanism, a clutch cage containing said
clutch pack, said clutch cage being affixed to satd arma-
ture by means of legs and fasteners, and an annular
pressure plate integrally connected to the distal ends nf
said legs.

8. A limited slip differential gear assembly for driving
each axle of a pair of coaxially aligned vehicle axle at
the same relative speed and at relatively differential
speeds under various conditions, said assembly compris-
ing: an outer housing, a differential gear mechanism
rotatably mounted in said housing, means for connect-
ing said axles to said differential gear mechanism, said
differential gear mechanism having component parts
operatively linking said axles to one another such that
one axle can rotate relative to the other, said component
parts having at least two members which rotate relative
to each other during relative rotation between said
axles, said differential gear mechanism includes a sur-
rounding case formed of two separable case members
affixed together by threaded fasteners and load bearing
dowel pins, a remotely controllable clutch means capa-
ble of producing a variable resistance to differenual
rotation of said axles, said clutch means having a plural-
ity of annular clutch disks with alternate disks being
keyed to one of said two relatively rotatable members
and intermediate disks keyed to the other of said two
rotatable members, said clutch disks being collectively
designated as a clutch pack said clutch means having an
electromagnet means for applying a first variable force
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laterally against said clutch pack to increase resistance
to rotation between adjacent disks, said electromagnet
means includes a stationary electromagnet affixed to the
inside of said outer housing, an annular steel armature
disposed on the outside of one of said case members,
sald armature being spaced by an air gap an effective
distance from said electromagnet and coaxially disposed
with respect thereto, a clutch cage containing said
clutch pack, said clutch cage being connected to said
armature by means of legs and fasteners, said legs ex-
tend through apertures in a side wall of said one case
member to an annular pressure plate integrally con-
nected to the distal ends of said legs, compression
springs disposed between said armature and said one
case members provide a trace preload on said clutch
pack, and means for applying a supplemental force
laterally against at least some of said disks in the event
of continuing relative rotation of said axles after said
first force has been applied.

9. A limited slip differential gear assembly according
to claim 8 wherein said electromagnet 1s mounted on a
concentric bushing surrounding an end portion of said
case, and said atr gap 15 selectively set by means of
annular shims disposed between an end face of said
bushing and said case.

10. A iimited slip differential gear assembiy for driv-
ing each axle of a pair of coaxially aligned vehicle axes
at the same relative speed and at different relative
speeds under various conditions, said assembly compris-
ing: an outer housing, a differential gear case rotatably
supported on bearings in said housing, an annular gear
with inwardly facing teeth integrally formed on the
inside of said case, a coaxially disposed planetary wheel
assembly having a plurality of spaced apart pairs of
meshed planet gears rotatably mounted on parallel
transverse pins, one gear of each pair being mounted
closer to the wheel periphery than the other gear of
each pair, the outer gear of each pair meshing with said
annular gear, a coaxially disposed sun gear meshing
with the innermost gear of each pair of planet gears, and
a remotely controllable electromagnetic clutch means
having a plurality of annular cluich disks disposed side-
by-side with alternate disks slidably keved respectively
to said sun gear and said case, said clutch means in-
cludes a clutch cage on the inside of said gear case, said
cage having a pressure plate, a plurality of spaced apart
parallel legs integrally attached to the periphery of said
pressure plate, said legs extending through apertures in
the sidewall of said case to an annular steel armature
disposed coaxially on the outside of said case where the
free ends of said legs are affixed to said armature, a
means for providing a trace preload laterally against
sald disks, and a coaxially disposed stationary annular
electromagnet spaced axially from the outside of said
armature an effective distance, said electromagnet being
affixed to the inside of said outer housing.

11. A limited shp differential gear assembly for driv-
ing each axle of a pair of coaxially aligned vehicle axles
at the same relative speed and at different relauve
speeds under various conditions, said assembly compris-
ing: an outer housing, a differential gear case rotatably
supported on bearings 1n said housing, an annular gear
with inwardly facing teeth integrally formed on the
inside of said case, a coaxially disposed planetary wheel
assembly having a plurality of spaced apart pairs of
meshed planet gears rotatably mounted on parallel
transverse pins, one gear of each pair being mounted
closer to the wheel periphery than the other gear of

10

15

20

25

30

35

40

50

35

60

63

8

each pair, the outer gear of each pair meshing with said
annular gear, a coaxially disposed sun gear meshing
with the innermost gear of each pair of planet gears, and
a clutch means having a plurality of annular clutch disks
disposed side-by-side with alternate disks slidably keved
respectively to said sun gear and said case, said clutch
means includes a clutch cage having a pressure plate, a
plurality of spaced apart parallel legs integrally at-
tached to the periphery of said pressure plate, said legs
extending through apertures in the side wall of said case
to annular steel armature disposed on the outside of said
case where the free ends of said legs are affixed to said
armature, a plurality of compression springs contained
in sockets on the opposing faces of said armature and
case, and a stationary annular electromagnet spaced
axially form the outside of said armature an effective
distance.

12. A limited slip differential gear assembly for driv-
ing each axle of a pair of coaxially aligned vehicle axles
at the same relative speed an at difterent relative speeds
under varnious conditions, said assembly comprising: an
outer housing, a differential gear case rotatably sup-
ported on bearings 1n said housing, an annular gear with
inwardly facing teeth integrally formed on the inside of
said case, a coaxially disposed planetary wheel assembly
having a plurality of spaced apart pairs of meshed planet
gears rotatably mounted on parallel transverse pins, one
gear of each pair being mounted closer to the wheel
periphery than the other gear of each pair, the outer
gear of each pair meshing with said annular gear, a
coaxially disposed sun gear meshing with the innermost
gear of each pair of panel gears, and a clutch means
having a plurality of annular clutch disks disposed side-
by-side with alternate disks slidably keved respectively
to said sun gear and said case, said clutch means in-
cludes means for applying a first lateral force against all
of said disks and another means for applying a second
force against only some of said disks.

13. A limited shp differential gear assembly according
to claim 12 wherein said another means includes an
annuiar face cam member on the side of said planetary
wheel assembly, and a cooperating annular cam collar
member having cam elements on its adjoining end face.

14. A imuted slip differential gear assembly according
to claim 13 wherein said plurality of disks are divided
into a first group and a second group, said cam collar
member extends through said first group and is slidably
keyed to some of said disks in said first group.

15. A limited slip differential gear assembly according
to claim 12 wherein said means for applying a first lat-
eral force is electromagnetically operated and said
means for applying a second lateral force is cam oper-
ated.

16. A limited slip differential gear assembly according
to claim 12 wherein said means for applying a second
lateral force includes relatively rotatable cam members
having cooperating cam e¢lements formed on opposing
faces of said members.

17. A limited ship differential gear assembly according
to claim 16 wherein relative rotation between said cam
members 1s imitiated by said first lateral force.

18. A differential assembly comprising:

a rotatable case having an annular gear formed therein;

first and second drive axles journalled in said case for

rolation relative thereto;

a sun gear connected to said first drive axle for rotation

therewith;
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a carrier connected to said second drive axle for rotation
therewith,

a plurality of pairs of planetary gears supported on said
carrier, a first gear of each of said pairs meshing with
said annular gear and a second gear of each of said
pairs meshing with said sun gear;

cam means responsive to rotation of one of said carrier
and said sun gear relative to said cam means for
generating a clutch engaging force;

clutch means responsive to said clutch engaging force for 10

[imiting relative rotation between said first and second
drive axles, and

means for selectively connecting said cam means to said

case for rotation therewith,

19. The invention defined in claim 18 wherein a portion
of said cam means is moved axially in response to said
relative rotation to generate said clutch engaging force.

20. The invention defined in claim 19 wherein said axi-
ally moving portion of said cam means engages said clutch
means to limit relative rotation between said first and
second drive axles.

21. The invention defined in claim |8 wherein said cam
means includes a cam collar having ramp portions formed
on one surface thereof.

22. The invention defined in claim 21 wherein said cam
collar ramp portions cooperate with corresponding ramp
portions formed on a surface of said carrier such that rela-
tive movement between said carrier and said cam collar
causes said cam collar to move axially.

23. The invention defined in claim 22 wherein said cam
collar engages said clutch means to limit relative rotation
berween said first and second drive axles.

24. The invention defined in claim 18 wherein said
means for selectively connecting said cam means to said
case includes a first plurality of discs which are connecred
to said cam means for rotation therewith and a second
plurality of discs which are connected to said case for rota-
tion therewith.

23. The invention defined in claim 24 wherein said

means for selectively connecting further includes means for 40

10

selectively compressing said first and second pluralities of
discs so as to be frictionafly engaged to preven! said cam
means from rotating relative to said case.

26. The invention defined in claim 25 wherein said
means for selectively compressing includes an electromag-
net and an armature responsive to actuation of said electro-
magnet for compressing said first and second pluralities of
dIsCs.

27. The invention defined in claim 18 wherein said
clutch means includes a first plurality of discs which are
connected to said sun gear for rotation therewith and a
second plurality of discs which are connected to said case
for rotation therewith. |

28. The invention defined in claim 27 wherein a portion

15 of said cam means is moved axially in response to said

20

refative rotation to engage said clutch means such that said
first and second pluralities of discs of said clutch means are
Jfrictionally engaged to prevent said sun gear from rotating
relative to said case.

29. The invention defined in claim 28 wherein said
means for selectively connecting said cam means to said
case includes a first plurality of discs which are connected
to said cam means for roiation therewith and a second
plurality of discs which are connected to said case for roia-

25 tion therewith.

30. The invention defined in claim 29 wherein said
means for selectively connecting further includes means for
selectively compressing said first and second pluralities of
discs of said means for selectively compressing so as to be

30 frictionally engaged to prevent said cam means from rotat-

35
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ing relative to said case.

J1. The invention defined in claim 30 wherein said
means for selectively compressing includes an electromag-
net and an armature responsive to actuation of said electro-
magne! for compressing said first and second pluralities of
discs of said means for selectively compressing.

32. The invention defined in clatm 3! wherein said ar-
mature also compresses said first and second pluralities of

discs of said clutch means.
L x x L L |
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