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1
25,500
DIFFERENTIAL GEARING
Loren J. O'Brien, Grabill, Ind., assigror to Dana
Corporation, Teoledo, Ohio, a corporation of
Virginia
Original No. 2,966,076, dated Dec. 27, 1560, Ser. No.
6,779, Feb. 4, 196¢. Application for reissue Dec. 19,
1962, Ser. No. 247,457
22 Claims. (ClL 74—710.5)

Matier enclosed in heavy brackets [} appears in the
original patent but forms no part of this reissue speciii-
cation; matter printed in italics jndicates the addiiions
made by reissue.

This invention relates to differential gearing and more
particularly to limited slip differentials or semi-locking
differentials wherein the compensating action of the pear-
ing is retarded.

As is well known to motorists and to others skilled in
the art, when one of the driving wheels of a motor ve-
hicle loses traction and begins Lo spin, the other driving
wheel remains stationary, if it has traction, and doss not
operate to move the vehicle. Because of this condition,
a motor vehicle is completely immobilized if one of the
driving wheels loses traction, as so fregquently occurs
when driving on wet, slippery or muddy surfaces.

To provide the best possible performance there should
be at leasi a minimum amount of resistance torque avail-
able in the differential when one wheel is subject o very
low resistance so that wheel slippage can be eliminated
on low traction surfaces. In addition to this, it is de-
sirable to provide a [braking or] resistance torque in the
differential which is variable in proportion to the amount
of differential input torgue being transmitted to the axles.

Many prior art constructions have been provided in an
attempt to satisfactorily incorperate the above feaiures.
Generally, these prior constructions have utilized the axial
thrust of the differential side gears to load a friciion clutch
Tor brakingd means. Resilient means in the form of
coil springs has been provided between the side gears
1o bias the side gears outwardly to provide a minimum
load on the friction clutch for braking] means. How-
ever, this minimum bias has adversely affected the normal
operation and backlash of the side gears. Furthermore,
the mounting of the coil springs between the side gears
has subjected the springs to forces which have caused
excessive faifures due to buckling.

Prior constructions, such as Wildhaber Patent No.
1,750,981, have also utilized a minimur bias on a differen-
tial to retard differentiation, the bias being independent
of the side gears; however, such consiructions have not
provided means for increasing the retarding effect.

Therefore, an object of this invention is to provide a
minimum retarding action independent of the side gears
which retarding action is increased by axial thrust of the
side gears upon increase of input torgue.

Another object of this invention is to utilize an inde-
pendent spring thrust and the axial thrust of the differ-
ential side gears to provide a simple and scif-ndjusting
braking means on the differcntial action to conirol slip-
page at varying load conditions, at the same time allow-
ing differentiation for turning.

Yet another object of this invention is to provide in a
differential having a clutch for retarding the differentia-
tion thereof, a plurality of means for imposing an engag-
ing forece to the clutch, which means separately loadingly
engage the clutch.

A still further object of this invention is to provide a
differential which is of simple construction, being com-
posed of a minimum of parts, which are not only easy
to fabricate and install but also very economical to manu-
facture.

In the preferred embodiment of this invention, a power
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{ransmission gear train is operatively disposed within a
gear case. Resilient means independent of af least a side
gear of the gear train Fand the gear casc biases a cluich
means to oppose relative roative movement of members
of the gear train, The gears of the gear train are meshed
in a relationship to provide a component of tooth pres-
sure for urging gears of the gear train axially outward
to increase the loading of the cluich means in proporiion
to the input torque to the transmission.

These and other objects and advantages of this inven-
tion will become apparent from the following detailed
description when taken in connection with the accom-
panying drawings wherein:

FIG. 1 is an end elevation view of the differential em-
bodying this invention;

FIG. 2 is a sectional view taken on line 2—2 of FIG.
1;and

FIG. 3 is a partial sectional view taken on lines 3—3
of FIG. 2.

Referring more particularly to the drawings a casing
19 is provided with opposed hubs 12, 14 extcnding out-
wardly from the ends thereof. Axle shafis 16, 18 have
their adjacent or inner ends projecting in rotatable rela-
tion into the hubs 12 and 14. The axle shafts 16, 18 at
their cuter ends are connected to the driving wheels of a
vehicle equipped with this invention. A conveniional
ring gear (not shown) is attached by means of bolts which
are secured through aperiures 20 to a circumferential
flange 22 of the case 10 for the reception of the power
drive from a propeller shaft (not shown). As is very
well known, the case 18 is enclosed in the conventional
manner within a differential housing (not shown), which
carries the usual supply of lubricant for the differential.

Positioned within the case 10 are axially aligned side
gears 24 and 2% arranged in spaced apart facing relation.
The side gears 24 and 26 are provided with hubs 28 and
30 extending outwardly and splined to receive mating
splines of the axle shafts 16 and 18.

Extending diametrically through the case 10 and cen-
trally between the side gears 24 and 26 is a spider member
or pin 32. The spider member 32 is of elongated cylin-
drical confipuration and carries compensating or pinion
gears 34 and 36 adjacent its ends. A spacer block 38 of
annular configuration is disposed centrally on the spider
member 32 and is engaged by the opposed side gears
24 and 26. The compensating gears 34 and 3§ inter-
mesh with the side gears 24 and 26 and are held in spaced
apart relation on the spider 32 by the Ebearing® spacer
block 38. It is now apparent that the Tbearingg spacer
block 38 prevents inward movement of the side gears 24
and 286 to eliminate possible bottoming of the teeth there-
of with the compensating gears 34 and 36. Thrust
washers 48 of suitable bearing material are insct in the
casing 10 and having a contour conforming to the outer
facing of the pinion or compensating gears 34 and 36 to
limit outward thrust thereof upon rotation of the gears.

Clutch means is disposed between each side gear 24
and 26 and the case 10 to retard relative rotative move-
ment of the gears and thus retard the compensating action.
The clutch means takes the form of sets of interleaved
friction plates or discs 42 and 44 interposed betwecn
surfaces 46 and 48 of the side gears 24 and 26, respec-
tively, and the opposing side walls 50 and 52 of the cas-
ing 10. More specifically, the hub of each side gear is
formed with external spur gear teeth 54, and the casing
18 is provided with internal annular spur gear teeth 56
opposed to and concentric with each set of spur gear
teeth 54. Each of the friction plates 44 is formed with
internal spur gear teeth 58 interlocked with spur gear
tecth 54 of the contiguous side gear. Each friction plate
plate 42 is provided with external gear teeth 60 inter-
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locked with the contiguous internal annular gear teeth
§6 of the case. While the friction plates 42 and 44 are
mounted for rotation with the Eside gearsd case and the
Ecasc} side gears respectively, it is readily apparent that
the discs are slidable in an axial direction. It is also
apparent from a consideration of FIG. 2, that a friction
plate 42 is positioned at the axially inner and outer end
of each cluteh means,

To maintain a predetermined preload or bias on the
clutch means, a pair of truncated annular pressure plates
62 and 64 are positioned within the case 10 in spaced
relationship.  As clearly shown in FIG. 3, the truncated
portions of the pressure plates 62 and 64 abuttingly en-
gage the bore of the case 10 so that no relative rotation
may take place rherebetween. The pressure plates are
arranged concentrically with the side gears 24 and 26
and each has an inner rim portion 66, 68 engageable with
the clutch means; the engagement being continuous cir-
ciunferentially with a friction plate 42 of the clutch means
and being radially outwardly from the respective side gear
24 or 26. Each of the pressure plates 62 and 64 is also
provided with a plurality, four in this instance, of op-
posed cup shaped notches 70. Coil springs 72 are seated
in the oppcsed notches 70 and urge the pressure plates
62, 64 axially outward against the inner friction plates 42
to compress the friction plates 42 and 44 into frictional
engagement and the outer plates 42 of the clutch means
against the surfaces 50 and ‘52 of the case. The coil
springs 72 are disposed intermediate the compensating
gears 34 and 36 and, being positioned outside the side
gears 24 and 26, exert a force outwardly toward the case
completely independent of the gears of the power trans-
mission gear train. Hence, it is apparent that no inter-
ference exists on the mesh between the side gears and
the compensating gears. Further, since the pressure
plates 62 and 64 are mounted for unitary rotation in the
case 10, the coil springs 72 are not subjected to rotary
twisting tending to buckle the same.

To increase the frictional resistance to compensating
action of the differential in proportion to the input torque
thereto, the angle of the pitch cone of the compensating
or pinion gears 34 and 36 is less than that of the side
gears 24, 26 and owing to the abnormally large pressure
angles of the gear teeth 74 and 76 of the compensating
gears and side gears, the side gears which are larger than
the compensating gears and hence have a greater brake
surface, tend to move axially outward during rotation of
the gears. During this outward movement the back faces
46 and 48 of the side gears, which now serve as a second
pressiire plate for each clutch means, move into engage-
ment with the friction plates 42 of the clutch means. This
engagement is at a position radially inward from the
pressure plates 62 and 64 and increases the frictional en-
gagement of the clutch means. With the engagement of
the pressure plates 62 and 64 disposed at a radially out-
ward position and due to the radial mechanical advan-
tage and higher rotational speeds at the peripiery of the
friction plates 42 and 44, maximum initial retardation is
obtained with a minimum biasing effect from the springs
72,

Since the friction plates 42 of the clutch means are en-
gaged by the side gears 24 and 26 and the pressure plates
62 and 64 engage the friction plates 42 separate from the
engagement of the side gears, a double engagement is pro-
vided on the friction plates. This double engagenment pro-
duces more desirable and more uniform plate loading
than a single pressure plate engaging the plates. Such
is the case even though the total forces applying the load
in hoth instunces are equal.

The friction between the discs 42 and 44 is not suffi-
cient to lock the side gears 24 and 26 to the case 10 under
normal operating torques but is sufficient to retard rela-
tive rotation of the gears and thus reduce the compensat-
ing acticn.

From the foregoing it is apparent that a differential
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transmission has been provided wherein an initial bias
or preload independent of the side gears of the differentia
resists differential action and upon Kincreaseld cormmence-
ment of fthe] input torque to the differential the side
gears thereof are moved axially cutwardly by the positive
pressure angled teeth of the side and compensating gears
to increase the resistance to differential action.

While only a single embodiment of this invention has
been shown and described, it is apparent that there may
te many changes in structure as well as operation with-
out departing from the scope of this invention as defined
by the appended claims,

What is claimed is:

1. In a differential transmission unit the combination
comprising a gear case, a power transmission gear train
operatively positioned within said case and driven there-
by and including at least a pair of gears, clutch means
operatively connected to said gear train and said case for
opposing relative rotative movement of said gears Emem-
bers of said gear train], and resilient means independent
of said gear train and said case [for loadingF and opera-
tively connected to said clutch means for loading the
same, the gears of said gear train being meshed in a rela-
tionship to provide a component of tooth pressure for
urging at least one gear of said gear train axially outward
to increase the loading of said clutch means in prepor-
tion to input torque to the transmission.

2. In a differential transmission unit the combination
comprising a rotatable gear case, a power tramsmission
gear train operatively positioned within said case and
including at least a pair of gears, and clutch means opera-
tively disposed between said gear train and said gear case
for opposing relative rotative movement of said gears
Emembers of said gear trainJ said clutch means includ-
ing a pair of friction surfaces at least one of which is
associated with said gear train for rotation therewith and
another of which is associated with said gear case for
rotation therewith, and resilient means independent of
said gear train and said gear case and operatively con-
nected to said clutch means for causing engagement of
said friction surfaces, the gears of said gear train being
meshed in a relationship to provide a component of
tooth pressure for urging at least one gear of said gear
train axially outward to increase the force applied to said
friction surfaces in proportion to input torque to the
transmission.

3. In a differential transmission unit, the combina-
tion comprising a rotatable gear case, a power trans-
mission gear train operatively positioned within said
case and including a pair of side gears, clutch means op-
eratively connected to and disposed beiween each of
said side gear and said case for opposing relative rotative
movement of said side gears Emembers of said gear
trainj, said clutch means comprising at least a pair of
cooperating friction surfaces, and resilient means in-
dependent of said side gear and said case and operatively
counected to said cluteh means for loading said friction
surfaces, the gears of said gear train having positive
pressure angled teeth biasing said side gears axially
outward to increase the loading of said frictional sur-
faces and resist differential action by an amount pro-
portional to the input torque,

4. In a differential transmission unit, the combinaticn
comprising a rotatable gear case, a power transmission
gear train operatively positioned within said case and
including a compensating gear and a pair of side gears
intermeshng therewith, cluich means operatively con-
nected to and disposed between cach of said side oears
and said gear case for opposing relative rotative move-
ment of members of said gear train, said clutch means
including at least a pair of cooperating friction surfaces,
and resilient means independent of said side gears, and
operatively connected 1o said cletch means for apniving
a force on said friction surfaces acting outwardly toward
said case for loading said friction surfaces, the compen:




25,500

5

sating gear and the side gears being meshed in a rela-
tionship to provide a component of tooth pressure for
urging said side gears axially outward to increase the
force applied to said friction surfaces in proportion to
input torque to the transmission.

5. In a differential transmission unit the combination
comprising a rotatable gear case, a powar transmission
gear train operatively positioned within said case and
including a plurality of cempensating gears and side
gears, clutch means operatively connected to and dis-
posed between each of said side gears and said gear case
for opposing relative rotative movement of members of
said gear train, said clutch means including a plurality of
interleaved friction plates, some of which are Esecured
toq carried by said side gear Ttraind for rotation there-
with and others of which are Esecured toJ carried by
said gear case for rolation therewith, and spring mean
independent of said gear train and operatively connected
to said clutch means for biasing said interleaved friction
plates axially outward against said case, the pitch line
of said side and compensating gears being disposed at
an angle to utilize the axial thrust of the meshing teeth
of said gears to supplement said spring means and in-
crease the force applied to said friction plates in propor-
tion to the torque input to the transmission,

6. In a differential transmission unit the combination
comprising a rotatable gear case, a power transmission
gear train operatively positioned within said case and
including compensating gears and side gears, clutch
means opcratively conuected fo and disposed between
each of said side gears and said gear case for opposing
relative rotative movement of members of said gear train,
said clutch means including at least a pair of cooperating
friction surfaces, a pair of pressure plates movably
mounted in said casing each adapted to load said fric-
tion surfaces, and spring means independent of said
side gears and compressed between said pressure plates
for zpplying a force to said friction surfaces, the pinion
gears and side gears bzing meshed in a relationship to
provide a component of tooth pressure for urging said
side gears axially cutward to increase the force applied
to said friction surfaces in proportion to input torque
to the transmission.

7. In a differential transmission unit the combination
comprising a rotatable gear case, a power transmission
gcar train operatively positioned within said case and
including compensating gears and side gears, said side
gears being adapted for receiving axle shaflis and each
having a plurality of friction plates axially movable
thercon, axially shiftable friction plates interleaved with
the friction plates of each side gear and mounted in
caid case to rotate thorewith, a pair of prossure plates
axially movable in said casing and each adapted to en-
gass said friction plates, and resilient means independent
of said side gears compressed between said pressure plates
for biasing the friction plates against said case to oppose
relative rotative movement of members of said gear
train, the pitch line of said side and compensating gears
being disposed at an angle to utilize the axial thrust of
the meshing teeth of said gears to supplement said re-
silient means to increase the force applisd to said fric-
tion surfaces in proportion to the input torque to the
transmission.

8. In a differential transmission unit, the combination
comprising a rotatable gear case, a power transmission
gear train operatively positioned within said case and
including a pair of opposed side gears each adapted for
connection to an axle shaft, a plurality of friction plates
positioned between each of said side gears and said case,
some of said friction plates being rotatable with and axial-
ly movable reiative to each side gear, and other of said
friction plates being roiatable with and axially movablz
in said case, a pair of pressure plates axially shiftable
within said case and each adapted to engage the fric-
tion plates between one side gear and the case, and re-
silient means independent of said side gears compressed
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between said pressure plates and biasing the friction
plates against said casing to oppose rclative movement
of members of said gear train, the member of said gear
train having positive pressure angled intermeshing tezth
for moving said side gears axially outwardly into en-
pagement with said friction plates to increase the load-
ing thereof and resist differential action by an amount
proportional to the input torgue.

9. In a differential transmission unit the combination

comprising

(a) a gear case,

(b) a power transmission gear train operafively po-
sitioned within said case and driven thereby and in-
cluding a pair of gears,

(¢) clutch means operatively connected to said power
transmission gear train and said case for opposing
relative rotative miovement of said gears of said
gear train,

(e) and resitient means independent of said gear trafit
and operatively connected to said clutch means for
loading said clutch means,

(f) the gears of said gear train being meshed in a
relationship to provide a component of tooth pres-
sure for urging at least one gear of said gear frain
axially outward to increase the louding of said
clietch mieans in proportion to [nput torgue to the
transmission.

10. In a differential transmission unit the combina-

nation comprising

{a) a gear case,

(b)Y a power transmission gear train operatively po-
sitioned within sald case

(1Y and including ut least a side gear,

{¢) clutch means operatively connected to said gear
train for opposing rotative niovement of said side
gear relative to another gear of said gear train,

(d) and resilient means operatively connected to satd
cluteh means and independent of said side gear for
loading said clutch means,

(e) the gears of said gear train being meshed in a
relationship to provide a component of tooih pres-
sure for urging at least suaid side gear axially ouward
fo increase the loading of said clutch means in pro-
portion to input torgue to the transmission.

11. In a differential transmission unit the combination

coinprising

(«) a gear case,

(b) a power transmission gear train drivenly positioned
within said case

(1) and including at least a pair of side gears,

(¢) a cluteh nicans operatively connected to said gear
train and seid case and

(1) including a pressure plate for opposing rela-
tive rotative inovenient of said gears of said gear
train,

(2) said pressure plate being monnted for axial
meoventent relative to and unitary rotative move-
ment with said gear case,

(d) and resilient means operatively connected to said
clutch means and independent of said side gear for
loading said pressure plate of said clurch means,

(e) the gears of said gear traiin being meshed in a
relationship to provide a comporent of tooth pres-
sure for urging at least one of said side gears axially
outward to increase the loading of said clutcl means
in proporfion to fuput lorque to the transmission.

12. In a difJerential traismiission vait the combination

comprising

{a) a gear case,

(D) a power transmission gear train drivenly posi-
tioned within said case

(1) and including a pair of side gears,

(¢) clutel means operatively conpecting and opposing
relative rotative movement of said side gears,

(¢) and resilient means operatively connected to said
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cleteds means and indepeadent of said side gears for
inng said cliech means,

(f) ilie gears of said gear prain being meshed in re-
fationship to provide a component of taoth pressure
for wrging at least said side gear axially cutward to
increase the loading of said clutch means in propor-
et to input torguee.

13, In a differential transmission unit the combination

comprising

(a) a rotatalile gear cose,

(h) a power treasntission gear train operatively posi-
tioned within said case

(1) and including compensating gearing and a
pair of side gears,

(¢} cluteh means operatively connected to and dis-
posed between one of safd side gears and said gear
case for opposing relative rotative movement of
members of scid gear train,

(1) said cluieh means including a plurality of
friction plates, some of which are carried by said
oue side gear for rotation therewith and others
of which are carried by said gear case for ro-
tation therewith,

() and spring means operatively connected to said
clutch means end independent of said one side gear
for biasing said friction plutes axially outward against
said case,

(eY the pitch line of said side and compensating gear-
ing being disposed at an angle to utilize the axial
thrust of the meshing tecth of said gears to supple-
mens suid spring means and increase the force ap-
plizd 1o suid friction plates in proportion to the
1ergie input to the transmission.

14, I a differeitial transmission unit the combination

comprising

(e} @ gear casce,

(b)Y a power transmission gear train operatively posi-
voned within said case and driven thereby and in-
cluding at least a pair of gears,

(¢) clutch means operatively connected to said gear
trafn and said case including ot least a pair of co-
operating Triction surfaces for opposing relative ro-
tative moventent of said gears,

(d) «a first means including a pressure plate opera-
ifvely connected to said clutch for urging said pair
of friction surfaces into frictional engagement, and

(e) a second means operatively connected to said
clutch for urging said pair of friction surfaces into
frictional engagement,

(f) suaid first and sccond means operatively engaging
said clutch at separate locations and urging the same
from substantially the same direction.

15. In a differential transmision the combination com-

prising

(a) a gear case,

(0)Y a power trunsmission gear train operatively posi-
tioned within said case,

(1) including a pair of side gears and compensat-
ing gearing,

(c) clutch wmeans operatively connected to said gear
train and said case for opposing relative rotative
movement of members of said gear train,

() « first means including a first pressure plate and
being independent of said side gear and operatively
comnected to said cluteh means for operatively en-
gaging the same,

(¢} und a second ineans including a second pressure
plate mieais and being operatively connected to said
clureh means for operatively engaging the same
separately from the operative engagement of said
first pressure plate with said clutch means whereby
a double engagement is provided on said clutch
nieans.

16. In a differensial transmission unit the combination
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() a gear cuce,

(6) a power transosission gear trafn drivenly posi-
tioned within said case and

(1) including a pair of side
ing gearing,

(¢} cluieh means positioned between at least one of
salid side gears vnd soid case for opposing relative
rotaiive movement of members of suid gear train,

(d) firet micans eperatively connected to said clutch
means ncluding a first pressure plate rotatable with
and axiclly movable relative to said gear case and
being independent of said side gear for engaging said
clutch means,

() and second means operatively connected to said
clutch means including a second pressure plate
means for engaging said clutch means separately
from the engageniens of said first pressure plate with
said cliich means whereby a double engagement is
provided on said cluich means.

17, In a differenticl transmission unit the combination

COMPrising

(«) « gear case,

(b) a power transinitting means drivenly positioned
within said case and including a plurality of mem-
bers,

(¢} clutch means operatively connected to said power
transmitting means and said case including at least
¢ pair of coopeiating friction surfaces for opposing
relative rotative movement of said members,

(d) a resilicintly biased means operatively connected
to said clutch and urging said pair of friction sur-
faces into initial frictional engagement, and

(e) a second means constituting a portion of said
power transiitting means cperatively comnected to
said clutch and additionally urging said friction sur-
faces into frictional engagement,

(f) the urging of said second nreans being in response
to and proportional to the torque transferred by
sald differential transmission unit, and

(g) said resiliently biased means and said second
means operatively engaging said clutch at separate
locations and urging the same from substantially
the same direction.

18. In a differential transmission unit the combination

comprising

(a) a gear cuse,

(b) a power transmission gear train drivenly posi-
tioned within said case

(1} and including a pair of side gears and com-
pensating gearing,

(¢} clutch means operatively connected to said gear
train and said case for opposing relative rotative
movement of gears of said gear train,

(d) and resifient means operatively connccted to said
clutch means independent of at least one of said side
gears for engaging said clutch means,

(e) the gears of said gear train being meshed in a re-
lationship to provide a component of tooth pres-
sure for urping at least one gear of said gear train
to engage said cluich rmeans separately from the en-
gagement of the resifient means with said clutch
means whereby a double engagement is provided on
said clutch means.

19. In a differential transmission unit the combination

COMprising

(a) a gear case,

() a power transmission gear train drivenly positioned
within said case

(1) and including a pair of side gears and com-
pensating gearing,

(¢) clutch means operatively connected to and dis-
posed between at least one of said side gears and
said case for opposing relative rotative movement of
members of said gear train,

(d) «a pressure plate mounted for unitary rotary move-

qedrs and compensat-
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ment with and exial movement relative to said gear
case and adapted to cause engagement of said clutch
mearns,

(e) and resilient means independent of said side gear
and engaging said pressure plate to apply « load ot
said cluteh means,

(f) the gears of said gear train being meshed in a
relationship to provide a component of tooth pres-
sure for urging said one side gear outwardly to
engage suid clutch means separately from the en-
gagement of soid pressure plate with said clutch
means whereby a double engagement is provided on
said clutch means.

20. In a differential transmission unit the combination

comprising

(a) a rotatable gear case,

{b) a power transiission gear train operatively posi-
tioned within said case

(1) and incliding a pair of opposed side gears
each adapied for connection to an axle shaft,

(¢) a plurality of friction plates positioned between at
least one of said side gears and said case,

(1) soine of said friction plates being rotatable
with end axially movable relative to said one
side gear,

(2) and other of said friction plates bheing roiat-
able with and axially movable in said case,

(d) a pressure plate axially shiftable within said case
and adapied to engage the friction plates between
said one side gear and the case,

(¢) and resilient means independent of said side gears
compressed against said pressure plate and biasing
the friction plates against said casing to oppose rela-
tive movement of members of said gear train,

(f) the members of said gear train having positive
pressure angled intermeshing teeth for moving at
least said one side gear axially outwardly into en-
pagement with said friction plates to increase the
loading thereof and resist differential action by an
amount proportional to the input forque.

21. In a differential transmission unit the combination

comprising

(a) a rotatable gear case,

(b) a power transmission gear frain operatively posi-
tioned within said gear case

(1) and including comipensating gears and side
gears,

(2) each side gear being adapted for receiving an
axle shaft and one of said side gears having a
plurality of friction plates axially movable
thereon,

(3) a plurality of friction plates carried by said
gear case for unitary rotation and axial move-
ment relative thereto and being interleaved with
the friction plates of said side gear,

(4) one of said friction plates carried by said gear
case being disposed axially inward relative to
said friction plates carried by said side gear,
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(c) «a pressure plate mounted foi unitary rotary move-
ment with and axial movement relative to suid gear
case and positioned co-axial with satd one side gear,

(1) said pressuve plate and said side gear being
adapted to engage said one friction plate with
the engugement of said pressure plate being at
a greater radial distance than said one side
gear,

(d) and resilient means fndependent of said one side
gear and compressed against said pressure plate for
biasing the friction plates against said case 1o oppose
relative rotary movement of the members of said
gear case,

(e) the pitch line of said side and compensating gears
being disposed at an angle to utilize the axial thrust
of the meshing teeth of said gears 1o supplement said
resilient means to increase the force supplicd to said
friction surfaces in proportion to the inpui torqgue to
the transmission.

22. In a differcntial transmission unit the combinarion

comprising

(a) a rotatable gear case,

(0) a power transmission gear train operatively posi-
tioned within said case

(1Y and including compensating gears and side
gears,

(2) each side gear being adapted for receiving an
axle shaft and one of said side gears having a
plurality of friction plates axially movable
thereon,

(3) a plurality of friction plates carried by said
gear case for unitary rotation and axial move-
ment relative thereto and being interleaved with
the friction plates of said side gear,

(¢) a substantially annular pressure plate mounted for
urnitary rotary movement with an axial movenient
relative to said gear case and positioned co-axial
with and surrounding a portion of said side gear,

(1) said pressure plate and said side gear being
adapted to engage one of said friction plates
with the engagement of said pressure plate at a
greater radial distance than said side gear,

(d) and resifiens means independent of said side gear
and compressed against said pressure plate for bias-
ing the friction plates against said case to oppose
relative rotative movement of members of said gear
train,

(e) the pitch line of said side and compensating gears
being disposed at an angle to utilize the axial thrust
of the meshing teeth of said gears and supplement
said resilient means to increase the force supplied to
to said friction surface in proportion to the input
torque to the transmission.
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