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57 ABSTRACT 
A limited slip differential includes a rotatably mounted 
differential casing with a pair of side gears rotatably 
mounted therein. One of the side gears includes an an 
nular clutch plate having a frusto-conical clutch sur 
face. A clutch ring is generally mounted for rotation 
with the differential casing and is capable of axial move 
ment between a biased non-engaged position and an 
engaged position against biasing wherein a mating sur 
face thereon is brought into contact with the frusto 
conical clutch surface of the clutch plate. An inertial 
ring is mounted for rotation with the differential casing 
but is capable of circumferential movement relative 
thereto between a neutral position and an actuated posi 
tion. When either of the side gears experiences a slipped 
condition, it rapidly accelerates to cause the differential 
casing to exceed a predetermined rate of acceleration. 
The inertial ring has sufficient mass to resist the acceler 
ation of the differential casing to cause it to be moved 
from the neutral to the actuated position. A thrust pin is 
aligned with a cam surface on the inertial ring to cause 
it to be moved axially when the inertial ring is in the 
actuated position so that the other end of the thrust pin 
will move the clutch ring to the engaged position. 
When the clutch ring is in the engaged position, fric 
tional contact between the clutch ring and the clutch 
plate will cause the clutch ring to be rotated with the 
side gear. As the clutch ring tries to rotate with the side 
gear, camming surfaces on the clutch ring and the dif 
ferential casing are brought into contact to prevent 
further relative rotation between the differential casing 
and the side gear until the force generated between the 
differential casing and the clutch ring is released. 

2 Claims, 12 Drawing Figures 
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1. 

LMITED SLP DIFFERENTIAL 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
This invention relates to a limited slip differential and, 

more specifically, to such a differential which includes 
an inertial ring which moves to an actuated position 
when the differential casing accelerates under a slipped 
wheel condition to initiate frictional engagement be 
tween one of the side gears and the differential casing to 
prevent relative rotation therebetween. 

2. Description of the Prior Art 
It is well known that differential mechanisms are 

utilized in the power transmissions of vehicles to pro 
vide for the proper handling and control of the vehicle 
during normal operating conditions. However, it is also 
well known that there are situations in which the loss of 
traction at one wheel of such a differential mechanism 
will effectively prevent the populsion of the vehicle. 
Therefore, it is not uncommon for some vehicles to be 
provided means for locking out the differential when 
one of the wheels is in such a spin or lost traction condi 
tion. 
Although there has heretofore been provided a num 

ber of devices for preventing differentiation in this situ 
ation, such as those disclosed in U.S. Pat. Nos. 
3,572,165; 3,606,803; 3,762,241; 3,811,341; 3,818,781 and 
3,886,813, there remains a need for a limited slip differ 
ential which is inexpensive to provide and efficient an 
reliable in operation. ... 

SUMMARY OF THE INVENTION 

It is, therefore, an object of this invention to provide 
a limited slip differential which is capable of preventing 
differentiation when the differential casing exceeds a 
predetermined rate of acceleration when either of the 
side gears of the differential is caused to accelerate 
under a slipped condition. - 

It is a further object of this invention to provide such 
a limited slip differential which will function in either a 
first or a second direction of rotation of the differential 
casing. . 

These and other objects of the invention are provided 
in a preferred embodiment thereof in the form of a 
limited slip differential including a rotatably mounted 
differential casing, a pair of side gears rotatably 
mounted in the differential casing and a plurality of 
planetary pinions rotatably mounted on the differential 
casing and in meshing engagement with the side gears. 
A clutch ring is generally mounted for rotation with the 
differential casing and capable of axial movement be 
tween an engaged position toward one of the side gears 
to produce a braking force therebetween and a non 
engaged position. There is included means for biasing 
the clutch ring toward the non-engaged position. An 
inertial ring is mounted for rotation with the differential 
casing and is capable of circumferential movement rela 
tive thereto between a neutral position and an actuated 
position. There is included means for resisting the cir 
cumferential movement of the inertial ring from the 
neutral position during rotation of the differential casing 
below a predetermined rate of acceleration thereof at 
least when the clutch ring is in the non-engaged posi 
tion. The differential casing would exceed the predeter 
mined rate of acceleration when either of the side gears 
is caused to accelerate under a slipped condition. The 
inertial ring includes sufficient mass resisting the accel 
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2 
eration of the differential casing to overcome the means 
for resisting the circumferential movement when the 
differential casing exceeds the predetermined rate of 
acceleration to be relocated relative thereto at the actu 
ated position. There is means for axially moving the 
clutch ring to the engaged position when the inertial 
ring is relocated at the actuated position. The clutch 
ring in the engaged position produces the braking force 
between the clutch ring and the one side gear to cause 
rotation of the clutch ring with the one side gear. The 
clutch ring and the differential casing have camming 
surfaces thereon which are brought into contact by the 
rotation of the clutch ring with the one side gear so that 
the camming surfaces prevent further relative rotation 
of the clutch ring and the differential casing tend and to 
force the clutch ring toward the engaged position 
against the biasing as long as the thrust on the differen 
tial casing is transmitted to the one side gear through 
the clutch ring. 
BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a sectional top view of the preferred limited 
slip differential including various features of the inven 
tion. 

FIG. 2 is a view as seen along line 2-2 of FIG. 1. 
FIG. 3 is a view as seen along line 3-3 of FIG. 1. 
FIGS. 4-12 are views similar to those shown in 

FIGS. 2 and 3 including the relative positions of the 
preferred elements therein under various operating con 
ditions. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

As seen in FIG. 1, the preferred limited slip differen 
tial 10 is in the form of a drive axle differential although 
it should be clear to those skilled in the art that a similar 
limited slip differential could be provided in an interaxle 
differential configuration. In the preferred differential 
10, an input shaft 12 includes a drive pinion 14 which is 
in driving engagement with a ring gear 16. The ring 
gear 16 is joined to a rotatably mounted differential 
casing 18 which includes a pair of side gears 20 and 22 
rotatably mounted therein and a plurality of pinions 24 
which are in meshing engagement with the side gears 
20, 22. The side gears 20, 22 are capable of providing 
differential power respectively to a pair of axle shafts 26 
and 28 in a manner which is well known in the vehicular 
drive art. 
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Including only the features of the invention as de 
scribed thus far, the differential 10 would receive input 
power from the shaft 12 and provide an output power to 
the axle shafts 26, 28 for efficient operation as the vehi 
cle travels in a curved path. For example, if the vehicle 
were turning to the right, the wheel at the left on the 
axle shaft 26 would experience a higher r.p.m. than the 
right wheel on axle shaft 28. However, as mentioned 
hereinabove, while this differentiation is basically at 
tractive, it can produce problems with properly propel 
ling the vehicle if either wheel is under a no traction, 
slipped condition. In this situation, for example, if the 
left wheel on axle shaft 26 lost traction on ice or mud, 
the power to the input shaft 12 would not be capable of 
being applied to a better road surface at the right wheel 
to propel the vehicle. The slipping, rapidly spinning 
axle shaft 26 would effectively prevent any power from 
being applied to the axle shaft 28 even though it might 
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be under a traction condition and would otherwise be 
able to propel the vehicle. 

Accordingly, it is the purpose of the limited slip dif 
ferential 10 to prevent such a condition by including a 
means for preventing differential action when either 
wheel experiences a critical loss of traction. Although it 
is well known that a limited slip differential can be 
provided by including means for preventing relative 
rotation between the differential casing and one of the 
side gears, the means for sensing such a condition and 
the particular means for preventing the relative rotation 
have varied in the prior art with various results. 

In the preferred limited slip differential 10, the side 
gear 22 is provided an extension 30 having a splined 
outer region for the receipt of a clutch plate 32 thereon. 
The clutch plate 32 is therefore capable of rotating with 
the side gear 22 and includes a frusto-conical clutch 
surface 34 capable of being frictionally engaged to pro 
duce a braking force on the side gear 22. The differen 
tial casing 18 includes an extended portion 36 having an 
interior sleeve portion 38 which is coaxially aligned 
with and encircles the axle shaft 28. A clutch ring 40 is 
generally mounted on the sleeve 38 for rotation with the 
differential casing 18 and is capable of axial movement 
between an engaged position toward the side gear 22 
and a non-engaged position away from the side gear 22. 
In the engaged position, the clutch ring 40 will produce 
frictional engagement with the clutch plate 32 of the 
side gear 22 as a mating surface 42 is brought into 
contact with the frusto-conical clutch surface 34. How 
ever, as seen in FIG. 1, the clutch ring 40 is in the non 
engaged position which is axially separated from the 
clutch plate 32. There is included means for biasing the 
clutch ring 40 to the non-engaged position in the form 
of a spring 44 anchored to the sleeve 38 acting thereon. 
The differential casing 18 also includes on the sleeve 

38 thereof a cam ring 46 which is axially adjacent the 
clutch ring 40. The cam ring 46 includes a splined inte 
rior cylindrical surface which is rigidly received on a 
splined area 48 of the sleeve 38. Consequently, the cam 
ring 46 will rotate with the remainder of the differential 
casing 18 without any relative axial movement while 
the clutch ring 40 is only closely received about the 
splined area 48 to be capable of some relative rotation 
and axial movement thereon. It will be seen that the 
cam ring 46 could be integrally formed with the remain 
der of the differential casing 18 but is formed separately 
to facilitate assembly. 
Also received about the sleeve 38 of the differential 

casing 18 is an inertial ring 50. The inertial ring 50 in 
cludes an interior cylindrical surface which is closely 
received about an exterior cylindrical surface of the 
sleeve 38 to allow some circumferential movement of 
the inertial ring 50 relative to the differential casing 18. 
Although some circumferential movement is possible, 
the mounting of the inertial ring 50 between the rigidly 
mounted cam ring and the remainder of the extended 
portion 36 prevents any axial movement of the inertial 
ring 50. 

For a better understanding of the physical relation 
ships among the clutch ring 40, the cam ring 46 and the 
inertial ring 50, the views shown in FIGS. 2 and 3 are 
provided. Specifically, the view shown in FIG. 2 in 
cludes the clutch ring 40 in the non-engaged position to 
be closely received against the can ring 46. The clutch 
ring 40 includes, in the limited portion shown in FIG. 2, 
a pair of camming surfaces 52, 54 which are closely 
received against matching camming surfaces 56, 58 of 
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4 
the cam ring 46. It can now be seen why the clutch ring 
40 has been described as being "generally' mounted for 
rotation with the differential casing 18. As seen in FIG. 
2, with the clutch ring 40 being held by the biasing of 
spring 44 against the cam ring 46, the clutch ring 40 will 
directly rotate with the differential casing 18. However, 
if the clutch ring 40 is caused to be moved axially from 
the non-engaged position of FIG. 2 to an engaged posi 
tion at the left, the camming surfaces 52, 56 and 54, 58 
will be sufficiently separated to allow some relative 
rotational movement between the clutch ring 40 and the 
cam ring 46. However, as will be made clear in the 
detailed discussion hereinbelow, the axial separation of 
the clutch ring 40 from the can ring 46 at the engaged 
position will be insufficient to allow free rotation of the 
clutch ring 40 relative the cam ring 46 because subse 
quent contact between the camming surfaces 52, 56 or 
the camming surfaces 54, 58 will limit the relative rota 
tion therebetween. 
As seen in FIG. 3, another circumferential section of 

the clutch ring 40, cam ring 56 and the inertial ring 50 
is seen to include a thrust pin 60. The thrust pin 60 is 
received within an axially extending hole 62 in the cam 
ring 46 and is, therefore, mounted to rotate with the 
differential casing 18. However, the thrust pin 60 is 
capable of axial movement within the hole 62 and in 
cludes a first end 64 in contact with the inertial ring 50 
and a second end 66 in contact with the clutch ring 40. 
Specifically, the inertial pin 60 is shown to be located in 
a position axially to the right within a can notch 68 in 
the radial surface of the inertial ring 50. The can notch 
68 includes a pair of cam surfaces 70 and 72 which are 
capable of acting on the first end 64 of the thrust pin 60 
if there is any circumferential movement of the inertial 
ring 50 relative to the cam ring 46. However, as shown 
in FIG. 3, the biasing on the clutch ring 40 causes the 
clutch ring 40 to act on the second end 66 of the thrust 
pin 60 to locate the thrust pin 60 in the cam notch 68 at 
the base thereof to generally restrict circumferential 
movement of the inertial ring 50 relative to the cam ring 
46. 
As thus described, the portions of the clutch ring 40, 

cam ring 46 and the inertial ring 50 which are shown in 
FIGS. 2 and 3 are in fact only one of three such portions 
which are provided to the preferred clutch ring 40, cam 
ring 46 and inertial ring 50. In other words, in the pre 
ferred limited slip differential 10 there are three evenly 
spaced pairs of camming surfaces 52, 54 for the clutch 
ring 40 and three evenly spaced camming surfaces 56, 
58 for the cam ring 56. Similarly, between each of the 
three portions shown in FIG. 2 are three identical por 
tions as shown in FIG. 3. Accordingly, there are in the 
preferred limited slip differential 10 three such thrust 
pins 60 which are capable of acting on three cam 
notches 68 in the inertial ring 50. 

Having explained the general physical relationships 
among the various components of the limited slip differ 
ential 10, it is appropriate to demonstrate the operation 
of the various components when the limited slip differ 
ential 10 is subjected to an operating condition which 
exists when one of the wheels is in a no traction or 
slipping condition. For this purpose, FIGS. 4-12 are 
provided and basically include a reproduction of the 
portions shown in FIGS. 2 and 3 with the addition of 
the clutch plate 32 of the side gear 22. To provide a 
better understanding of the relative rotation of the vari 
ous components, the Figures will include direction ar 
rows at the upper portion to show the relative rota 
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tional speed of each component. Although the relative 
rotational speed is shown in this manner, it should be 
understood that frequent reference will be made to the 
acceleration of one or another of the components and 
that, in fact, the acceleration is a significant feature 
determining the overall operation of the limited slip 
differential 10. 
As seen in FIG. 4, the differential is operating in a 

forward direction and the components shown therein 
are all rotating at approximately the same rotational 
speed. The biasing provided by the spring 44 as indi 
cated by the arrow B is acting on the clutch ring 40 to 
keep it in the non-engaged position separated from the 
clutch plate 32. With the clutch ring 40 held in the 
non-engaged position by the biasing of the spring 44, the 
thrust pin 60 is also moved to the right and is fully 
received within the can notch 68 of the inertial ring 50 
so that the inertial ring 50 is being carried with the cam 
ring 46 with no relative rotational movement therebe 
tween. The side gear 22 and the clutch plate 32 (as well 
as the side gear 20) would be expected to frequently 
rotate at speeds different from the common rotational 
speed experienced by the clutch ring 40, cam ring 46 
and inertial ring 50 as long as normal differentiation 
occurred without either wheel being operated under a 
loss of traction condition. 
However, in FIG. 5, excessive slippage of the left 

wheel would cause rapid acceleration of the side gear 
20. As a result, the differential casing 18will also experi 
ence a rapid acceleration even as the loss of power to 
the side gear 22 causes it to rapidly decelerate. When 
the acceleration of the cam ring 46 exceeds a predeter 
mined rate of acceleration, the mass of the inertial ring 
50 is sufficient to resist the acceleration of the differen 
tial casing 18. With the inertial ring 50 tending to remain 
at the same rotational speed rather than the greater 
speed experienced by the cam ring 46, the inertial ring 
will tend to move circumferentially relative thereto to 
produce an inertial force I at the cam surface 72 to cause 
axial movement of the thrust pin 60. The thrust pin 60 
will then apply an engaging force E to the clutch ring 
40 which is sufficient to overcome the biasing force B to 
initiate movement of the clutch ring 40 from the non 
engaged position toward the engaged position. With the 
clutch ring 40 no longer having its camming surfaces 52, 
54 in direct contact with the camming surfaces 56, 58 of 
the cam ring, there is the possibility that its inertia may 
allow some difference in relative rotational speed be 
tween the clutch ring 40 and the cam ring 46. However, 
this difference in rotational speed will be instantaneous 
and, of course, as mentioned hereinabove, will be lim 
ited by the possibility of contact being re-established 
between the camming surfaces 52, 56 or the camming 
surfaces 54, 58. 
As seen in FIG. 6, the circumferential movement of 

the inertial ring 50 has been sufficient to cause axial 
movement of the thrust pin 60 to the left sufficiently to 
cause the clutch ring 40 to be located at the engaged 
position. At the engaged position, frictional contact is 
produced between themating surface 42 thereof and the 
frusto-concial clutch surface 34 of the clutch plate 32. 
As frictional contact, in the form of a resistive force 
indicated by the arrow R1, is produced between the 
clutch plate 32 and the clutch ring 40, the relative rota 
tion therebetween will cease and the clutch ring 40 will 
be caused to move circumferentially relative to the cam 
ring 46 to bring the camming surface 52 into direct 
contact with the camming surface 56. When the cam 
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6 
ming surface 52 and the camming surface. 56 are in 
contact, the differential casing 18 will apply a thrust 
force, as indicated by the arrow T1, to the clutch ring 
40 in opposition to the resistive force R1. The thrust 
being applied to the clutch ring 40 will cause the clutch 
plate 32 and thus the side gear 22 to be brought up to 
speed with the differential casing 18. 
The limited slip differential 10 will operate in this 

manner with both side gears 20 and 22 being rotated at 
the same rate as the differential casing 18 until there is a 
relaxation of the torque on the clutch ring 40 as either 
or both of the forces R1 and T1 are reduced to zero. 
Obviously, there would be a relaxation of the torque on 
the clutch ring 40 if the left wheel were to regain trac 
tion and receive more of the power than the right 
wheel; if the righ wheel were to lose traction to a 
greater degree than the left wheel; or if the torque being 
applied to the differential casing were eliminated as 
might occur if the vehicle is stopped or operating in a 
reverse direction. However, the torque may also be 
sufficiently relaxed by releasing the throttle or utilizing 
the clutch during the shifting of gears. 

It should be noted that when the limited slip differen 
tial 10 is operating in a condition as shown in FIG. 6, the 
actual location of the inertial ring 50 relative to the cam 
ring 46 is not important. It would be possible for the 
inertial ring 50 to be brought up to speed with the cam 
ring 46 or even to be circumferentially advanced of the 
cam ring 46 if, for example, the vehicle is slowing down 
but still maintaining torque on the clutch ring 40. Once 
the clutch ring 40 is in the engaged position and torque 
is being maintained thereon, theinertial ring 50 is free to 
circumferentially move relative to the cam ring 46 
within the limits imposed by the inclusion of the thrust 
pin 60 within the cam notch 68. Similarly, the thrust pin 
60 would be free to axially move if allowed by the 
particular position of the inertial ring since a biasing 
force is no longer being applied thereto. 

However, once thrust is no longer being applied to 
the cam ring 46, the biasing force B will again be effec 
tively applied to the clutch ring 40 to cause it to be 
returned to its non-engaged position as shown in FIG. 
7. Additionally, the biasing on the clutch ring 40 will 
cause the clutch ring 40 to act on the thrust pin 60 to 
circumferentially orient the inertial ring 50 for corre 
sponding rotation with the cam ring 46 as the first end 
64 is fully inserted into the cam notch 68. Therefore, as 
shown in FIG. 7, the limited slip differential 10 will 
return to normal rotation in a forward direction in the 
same manner as was demonstrated in FIG. 4. 
However, as seen in FIG. 8, if the right wheel were to 

experience a non-traction, slipped condition, the side 
gear 22 would be caused to rapidly accelerate to again 
cause sufficient acceleration of the differential casing 18 
above the predetermined rate to cause the circumferen 
tial movement of the inertial ring 50 relative thereto. 
Accordingly, the thrust pin 60 will again supply an 
engaging force E to the clutch ring 40 to cause it to be 
moved against the biasing force B from the non 
engaged position toward the clutch plate 32. 
However, when there is contact produced between 

the clutch ring 40 and the clutch plate 32, the frictional 
engagement therebetween will now cause the clutch 
ring 40 to be advanced relative to the cam ring 46 as 
shown in FIG. 9. The operation of the differential will 
be such that the thrust T2 created by the friction force 
of the clutch plate 32 on the clutch ring 40 will be re 
sisted by the slower moving cam ring 46. The cam ring 
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46 will apply a resistive force R2 to the clutch ring 40 as 
the camming surfaces 54 and 58 are brought into lock 
ing engagement. As was the case for the operation 
shown in FIG. 6, the side gears and the differential 
casing will continue to rotate at the same rate until the 
torque applied to the clutch ring 40 is released. Simi 
larly, as long as the torque is being applied to the clutch 
ring 40, the inertial ring 50 and the thrust pin 60 will be 
capable of limited movement relative to the cam ring 
46. 
As seen in FIGS. 10-12, the limited slip differential 10 

will also function in a similar manner if the differential 
casing 18 is being rotated in the opposite direction as 
when the vehicle is being moved in reverse. Again, in 
FIG. 10, the biasing force B will maintain the clutch 
ring 40 in a non-engaged position as long as the differen 
tial casing does not exceed the predetermined rate of 
acceleration. As seen in FIG. 11, the left wheel, that 
associated with the side gear 20, is in a non-traction 
condition and has rapidly accelerated causing the cam 
ring 46 to rapidly accelerate even though there is rapid 
deceleration of the side gear 22. As before, the inertial 
ring 50 has sufficient mass to resist the rapid accelera 
tion of the can ring 46 and causes an intertial force I to 
be applied to the thrust pin 60 as the cam surface 70 acts 
thereon. The thrust pin 60 again applies sufficient en 
gaging force E to resist the biasing force B on the clutch 
ring 40. As seen in FIG. 12, the clutch ring 40 is brought 
into contact with the slower moving clutch plate 32 of 
the side gear 22 so that a resisting force R3 is applied 
thereto. As the force R3 is applied to the clutch ring 40, 
the camming surface 54 is brought into locking engage 
ment with the camming surface 58 to cause the differen 
tial casing 18 to apply a force T3 thereto tending to 
produce an equal rotational speed for the two side gears 
and the differential casing. 
As thus explained, the preferred limited slip differen 

tial 10 will properly function in either direction of rota 
tion, whether the vehicle is moving in a forward direc 
tion or a reverse direction, and when either of the 
wheels associated with the axle shafts thereof is found 
to be in a slipped condition to cause acceleration of the 
differential casing 18 above a predetermined rate. When 
the clutch ring 40 is moved to the engaged position, the 
preferred differential 10 includes the clutch plate 32 
having a frusto-conical clutch surface 34 which will 
tend to be in locking engagement with the mating sur 
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face 42 and the clutch ring 40 whenever there is suffi 
cient axial force applied therebetween. Accordingly, 
the biasing created by the spring 44 will not prema 
turely disengage the clutch ring 40 from the clutch plate 
32 as long as the locking taper of the matching cams 52, 
56 and 54, 58 between the clutch ring 40 and the cam 
ring 46 exists. 
To provide this locking type of taper to insure the 

operation of the limited slip differential 10 as described 
hereinabove, the coefficient of friction of the materials 
to be utilized in the clutch plate, clutch ring and cam 
ring must be considered along with the interference 
angles selected for the surfaces therebetween. It has 
been found that for various steels of the type frequently 
used in differentials the conical angle of the frusto-coni 
cal surface 34 should be selected to be about of 24 de 
grees so that the surface would intersect the axis of the 
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differential casing and the axle shafts at an angle of 65 
about 12 degrees for such a locking condition to occur. 
Similarly, the value of 12 degrees is utilized for the 
camming surfaces 52, 56 and 54, 58 as the angle is mea 

8 
sured from a plane which is perpendicular to the axis of 
rotation of the differential casing 18. When these angles 
are selected, the force being created at either side of the 
clutch ring 40 will tend to increase the frictional resis 
tance at the other side of the clutch ring 40 so that once 
there is a proper thrust applied to the clutch ring 40 the 
frictional contact at either side will be maintained until 
the thrust thereon is totally relaxed. 

However, the means for creating a braking force 
between one of the side gears and the differential casing 
need not be limited to a frusto-conical clutch configura 
tion. It would be possible to include in the invention a 
different type of braking contact between the side gear 
and the differential casing, such as might occur through 
the use of a plurality of alternating friction discs as is 
well known in the prior art. However, such a configura 
tion would not result in locking contact between the 
clutch plate 40 and the side gear 22 and would not 
automatically prevent relative rotation therebetween 
under axial loading. Nevertheless, it would be possible 
for sufficient braking force to be created therebetween 
which would significantly reduce the relative rotation 
of the elements to still effectively prevent the undesired 
slipped condition. 
Although a thrust pin configuration is utilized to 

transfer force created by the inertial ring 50 to the 
clutch ring 40, there might be any number of physical 
configurations which could be utilized to produce simi 
lar results while still falling within the scope of the 
invention as claimed. For example, although the pre 
ferred inertial ring 50 is prevented from moving axially, 
it would be possible to allow axial movement thereof 
toward the clutch ring 40 by there being provided a 
notch in the radial surface at the opposite side from the 
location of the present notch 68. The new notch would 
normally receive therein axially extending camming 
surfaces on the extension 36 of the differential casing 18. 
If the inertial ring were to be biased in a direction away 
from the clutch ring, rapid acceleration of the differen 
tial casing could again cause circumferential movement 
of the inertial ring and would, because of the camming 
between the inertial ring and the extension of the differ 
ential casing created by the new notch, cause axial 
movement of the inertial ring toward the clutch ring 40. 
An axially extending extension of the inertial ring 
toward a radial face of the clutch ring would then be 
capable of making contact with the clutch ring to cause 
it to be moved against biasing into the engaged position. 
In this manner, the thrust pin could be eliminated. It 
should also be clear that in this or another alternative 
configuration, it would be possible to provide a differ 
ent form of biasing to resist the circumferential move 
ment of the inertial ring which would be independent of 
the biasing force created on the clutch ring 40 by the 
spring 44. Consequently, it can be seen that there may 
be any number of alternative means for providing the 
limited slip differential of the present invention without 
departing from the invention as claimed. 

I claim: 
1. A limited slip differential comprising: 
a rotatably mounted differential casing; 
a pair of side gears rotatably mounted in said differen 

tial casing; 
a plurality of planetary pinions rotatably mounted on 

said differential casing an in meshing engagement 
with said side gears; 

a clutch ring being generally mounted for rotation 
with said differential casing and capable of axial 



4,462,272 
movement between an engaged position toward 
one of said side gears to produce a braking force 
therebetween and a non-engaged position; 

means for biasing said clutch ring toward said non 
engaged position; 

an inertial ring mounted for rotation with said differ 
ential casing and capable of circumferential move 
ment relative thereto between a neutral position 
and a first actuated position; 

means for resisting said circumferential movement of 10 
said inertial ring from said neutral position during 
rotation of said differential casing in a first direc 
tion below a predetermined rate of acceleration 
thereof at least when said clutch ring is in said 
non-engaged position; 

said differential casing exceeding said predetermined 
rate of acceleration when either of said side gears is 
caused to accelerate under a slipped condition; 

said inertial ring having sufficient mass resisting said 
acceleration of said differential casing to overcome 
said means for resisting said circumferential move 
ment when said differential casing exceeds said 
predetermined rate of acceleration to be relocated 
relative thereto at said first actuated position; 

means for axially moving said clutch ring to said 
engaged position when said inertial ring is relo 
cated at said first actuated position; 

said clutch ring being in said engaged position pro 
ducing said braking force between said clutch ring 
and said one side gear to cause rotation of said 
clutch ring with said one side gear; 
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10 
said clutch ring and said differential casing having 
camming surfaces thereon which are brought into 
contact by said rotation of said clutch ring with 
said one side gear, said camming surfaces prevent 
ing further relative rotation of said clutch ring and 
said differential casing and forcing said clutch ring 
toward said engaged positionagainst said biasing as 
long as thrust on said differential casing is transmit 
ted to said one side gear through said clutch ring; 
and 

said means for axially moving said clutch ring to said 
engaged position including an axially aligned thrust 
pin means which is carried by said differential cas 
ing between said clutch ring and said inertial ring 
and is capable of axial movement, said thrust pin 
means having a first end in alignment with a cam 
surface of said inertial ring and a second end con 
tacting said clutch ring, said first end being moved 
axially toward said clutch ring by said cam surface 
as said inertial ring moves from said neutral posi 
tion to said first actuated position to cause said 
second end to move said clutch ring from said 
non-engaged position to said engaged position. 

2. The limited slip differential as set forth in claim 1, 
wherein said means for resisting said circumferential 
movement of said inertial ring relative to said differen 
tial casing includes said means for biasing said clutch 
ring causing said clutch ring to act on said second end of 
said thrust pin means as said first end of said thrust pin 
means acts on said cam surface of said inertial ring. 

sk it is k a 


