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United States Patent Office Re. 25,500 
Reissues Dec. 24, 1963 

25,500 
OFFERENTAL GEARING 

Loren J. O'Brien, Grabi: , lad, assignor to Dan Corporation, Toledo, Ohio, a corporation of 
Wirginia 

Original No. 2,966,076, dated Dec. 27, 1960, Ser. No. 
6,779, Feb. 4, 1960. Apication for reissue Dec. 19, 
1962, Ser. No. 247,457 

22 Clins. (C. 74-7 10.5) 
Matter enclosed in heavy brackets appears in the 

original patent but for as no part of this reissue specin 
cation; in atter printed in italics indicates the additions 
Iaade 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 gear 
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 to spin, the other driving 
wheel remains stationary, if it has traction, and does not 
operate to move the vehicle. Because of this condition, 
a notor vehicle is completely immobilized if one of the 
driving wheels loses traction, as so frequently occurs 
when driving on wet, slippery or muddy Surfaces. 
To provide the best possible performance there should 

be at least a minimum amount of resistance torque avail 
abie in the differential when one wheel is subject to 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 torque being transnitted to the axles. 
Many prior art constructions have been provided in an 

attempt to satisfactorily incorporate the above features. 
Generally, these prior constructions have utilized the axial 
thrust of the differential side gears to load a friction clutch 
or braking means. Resilient means in the form of 

coil springs has been provided between the side gears 
to bias the side gears outwardly to provide a minimum 
load on the friction clutch or 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 failures due to buckling. 

Prior constructions, such as Wildhaber Patent No. 
1,750,981, have also utilized a minimum bias on a difiercil 
tial to retard differentiation, the bias being independent 
of thc side gears; however, such constructions 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 thiust of the 
side gears upon increase of input torque, 

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 siniple and Self-adjusting 
braking means on the differential action to control 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 
differenitial having a clutch for retarding the differentia 
tion thereof, a plurality of means for in posing an engag 
ing force 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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transmission gear train is operatively disposed within a 
gear case. Resilient means independent of at least a side 
gear of the gear train and the gear case biases a clutch 
means to oppose relative rotative 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 clutch means in proportion 
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: 

F.G. 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 

10 is provided with opposed hubs 2, 4 extending out 
wardly from the ends thereof. Axle shafts 16, 13 have 
their adjacent or inner ends projecting in rotatable rela 
tion into the hubs 12 and 14. The axle shafts i6, 18 at 
their outer ends are connected to the driving wheels of a 
vehicle equipped with this invention. A conventional 
ring gear (not shown) is attached by means of bolts which 
are secured through aperiures 28 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 () 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 25 arranged in spaced apart facing relation. 
The side gears 24 and 26 are provided with hubs 28 and 
3) extending outwardly and splined to receive nating 
splines of the axle shafts 6 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 configuration 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 36 inter 
mesh with the side gears 24 and 26 and are held in spaced 
apart relation on the spider 32 by the bearing spacer 
block 38. It is now apparent that the bearing spacer 
block 38 prevents inward movement of the side gears 24 
and 26 to eliminate possible bottoming of the teeth there 
of with the compensating gears 34 and 36. Thrust 
washers 49 of suitable bearing material are inset 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 between 
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 
19 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 
teeth 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 
56 of the case. While the friction plates 42 and 44 are 
nontcd for rotation with the side gears case and the 
Scase sile gcars 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 otter end 
of each clutch nicans. 
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 
micry take place there between. 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 heing continuous cir 
citriferenitially with a friction plate 42 of the clutch nea is 
(ind being radially out I'ardly froin 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 opposed 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 
ty'isting 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. Diiring this outward movement the back faces 
46 and 48 of the side gears, which now serve as a second 
pressitre plate for each clutch means, move into engage 
ment 'ith the friction plates 42 of the clutch means. This 
engagement is at a position radially in ward from the 
pressitre plates 62 and 64 and increases the frictional en 
gagement of the clitch means. With the engagement of 
the pressure plates 62 and 64 disposed at a radially out 
s'arid position and due to the radial mechanical advan 
tage and higher rotational speeds at the peripiery of the 
frictioit plates 42 and 44, maximitin initial retardation is 
obtained with a minin in biasing effect front 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 engagement pro 
dices more desirable and more uniforni plate loading 
than a single pressure plate engaging the plates. Such 
is the case even though the total forces applying the load 
in hoth instances 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 action. 

From the foregoing it is apparent that a differential 
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transmission has been provided whercin an initial bias 
or preload independent of the side gears of the differential 
resists differential action and upon increase contactice 
tient of the input torque to the differential the side 
gears thereof are moved axially outwardly 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 
be 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 the re 
by aid 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 mem 
bers of said gear train, and resilient means independent 
of said gear train and said case for loading and opcra 
tively connected to said clutch means for loading the 
sanc, 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 propor 
tion to input torque to the transmission. 

2. In a differential transmission unit the combination 
comprising a rotatable gear case, a power transmission 
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 
members of said gear train 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 coil 
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 between each of 
said side gear and said case for opposing relative rotative 
movement of said side gears members of said gear 
train, 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 
coalilected to said clitch Fieais for loading said frictio) 
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 combinatic: 
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 
intermeshing therewith, clutch means operatively coil 
nected to and disposed between cach of said side gears 
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 coil itected to said clutch nati is for applying 
a force on said friction surfaces acting outwardly towai'i 
Said case for loading said friction surfaces, the compeii 
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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 power transmission 
gear train operatively positioned within said case and 
including a plurality of compensating 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 secured 
to carried by said side gear train for rotation there 
with and others of which are secured to carried by 
said gear case for rotation there with, and spring meals 
independent of said gear train and operatively connected 
to said clitici reais 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 teet 
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 operatively coinected to 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 applying a force to said friction surfaces, the pinion 
gars and side gears b2ing 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 init the contination 
comprising a roia: able gear case, a power transmission 
gear train operatively positioned within said case and 
including compensating gears and side gears, said side 
gears being adapted for receiving axle shafts and each 
having a plurality of friction plates axially movable 
thereon, axially shiftable friction platcs interleavid with 
the friction plates of each side gear and mounted in 
said case to rotate thircwith, a pair of pressure plates 
axially movable in said casing aid each adapted to en 
gage said friction plates, and resilient means independent 
of Sail side gears compressed between said pressure plates 
for biasing the friction plates against said case to oppose 
relative rotative novcment 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 suppleinent said re 
silient means to increase the force applied to said fric 
tion surfaces in proportion to the its torque to tic 
transmission. 

8. In a differential transmission unit, tha combination 
comprising a rotatable gaa case, a power transmission 
gear trail operatively positioned within said case and 
including a pair of opposed sicle gears each adapted for 
connection to an axle shaft, a plurality of friction plates 
positionet between each of Said side gears and said case, 
some of said friction plates being rotatable with and axial 
ly movable relative to each side gear, and other of said 
friction plates being rotatable with and axially movable 
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 sile gear's compressed 

6 
between said pressure plates and biasing the friction 
plates against said casing to oppose relative novelinent 
of members of said gear train, the member of Said gear 
train having positive pressure angled intermeshing teeth 

5 for moving said side gears axially outwardly into en 
gagement with said friction plates to increase the load 
ing thereof and resist differential action by an annoint 
proportional to the input torque. 

9. In a differential transmission unit the combination 
comprising 

O (a) a gear case, 
(b) a power transmission gear train operatively po 

sitioned within said case and driven thereby citid iii 
cluding a pair of gears, 

5 (c) clutch incais operatively connected to said poi'er 
transmission gear train and said case for opposing 
relative rotative iovenient of said gears of Stil 
gear train, 

(e) and resilient Hieans independent of said gear trait 
2O and operatively connected to said clitch yeais for 

loadiiig said clutch means, 
(f) the gears of sail gear train being meshed in a 

relationship to provide a conponent of tooth pres 
sire for urging at least one gear of said gear trait 

25 axially out 'ard to increase the loading of said 
clutch means in proportion to input torque to the 
transnaission. 

16. in a differential transnission unit the coniibiiia 
lation coni prising 

30 (a) a gear case, 
(b) a posi'er trafsissio, gear trail Opetitively (- 

siticiled 'ithin said case 
(l) aid including at least a side gear, 

(c) clutch neans operatively connected to said gear 
35 train for opposing rotative Jiiovenient of said side 

gear relative to another gear of said gear train, 
(d) and resilient nica is operatively coiliiccted to said 

clitch neais and independent of said side gear for 
loading said clutch means, 

4 ) (e) the gears of said gcar train heig asical in a 
relationship to provide a component of tooth pres 
Slire for urging at least satial sicle gear axially Olafs'arid 
to increase the loading of said clutch nica is in pro 
portion to input torque to the transmission. 

i. in a dijere itial trafisii-issioit unit the coilbination 
45 coirprising 

(a) a gear case, 
(ii) a power transii;ission gear train drivenly positioned 

within said case 
(l) and inclitcling at least a pair of side gears, 

(c) a clich in ca 17s operatively coinected to said gcar 
train aid said case and 

(l) including a pressite plate for opposig rela 
tive 'oitative in ovenie it of said gcars (if said gear 
trail, 

(2) said press: the plate being no inted for axial 
in 19 scient relative to and tinitary rotative nove 
ment with said gear case, 

(d) and resilient linea is operati'cly conic cted to said 
Cltitch ineans and independent of said side gear for 
loading said pressitre piate of said citici inleans. 

(e) the getirs of said gear trait being 11 as ited in a 
relationship to protide a coiponent of toath pres 
stire for it gig at least oie of said side gears axially 
oit 15'ard to increase the loading of said clitici n1ctins 
iii pirop: 3rfoil to iii.fi.it is rig tie to tie trait is tission. 

2. In a dije reitill trails iiissil it init the coiliination 
coni rising 

(a) a gcar case, 
(b) a poser transilis.si. It gear train drive inly posi 

5 5 
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r 

ticized 'iiii in said case 
(1) and including a pair of Sicile gears, 

(c) clitch ficans operati 'cly conic citing (ind opposing 
relative rotative non'cment of said side gears, 

5 (e) and resilic at nicans operatively connected to said 
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clif., iii'i is tied iridepeiicient of said side gears for 
it 7:iii!g said clitch means, 

(f) iii. gicai's of scid gear train being ilesied in re 
iii. 1 is iiip to fli's 'icle it coil policini of tooth pressure 
fift it "gig (it is't.'t said side gear axially (it ward to 
increase he is a sing of said citici Fiegli is in propor 
1. it to if jitt tritic. 

13. a dific reiitial transnission it it the coin bination 
coil prising 

(a) a rotcitalie getti case, 
(h) a poser trafisiission gear trait operatively posi 

ticical lithin said case 
(l) aid inciding contpensating gearing and a 

pair of side gears, 
(c) citch fricans operatively connected to and dis 
posed heteen one of scid side gears and said gcar 
('isc for opposing relative raiative novement of 
in criters of scid gear trait, 

(i) said clutch years including a plitiality of 
friction plates, solic of silich are carried by said 
one side gear for rotation there with and others 
of 'hich are carrical hy said gear case for ro 
tation thci'es'iti, 

(d) (iiid spring inieri is operatively connected to said 
clutch tileans arid independent of said one side gear 
for hising said friction plates (t,xially oitts'ard against 
said case, 

(c) tic' pitch lite of said side and compensating gear 
iiig being disposed at at angle to itilize the axial 
tirist of the line shing tectii of said gears to Sipplc 
ii ("it said spring incails and increase the force ap 
pied to said friction plates in proportion to the 
torqi e iiip it to the transmission. 

14. In it difierciitical transniission unit the combination 
coil prising 

(t ) (1 g (if Case, 
(b) a pter trail stylission gear train operatively posi 

tioned iiii in said case aid driven thereby and in 
cit ding at least a pair of gears, 

(c) citicit incans operatively connected to said gear 
trait and said case including at least a pair of CO 
operating friction surfaces for opposing relative ro 
tative novement of said gears, 

(d) a first means including a pressitre plate opera 
tively connected to said clitch for urging Said pair 
of friction surfaces into frictional engagement, and 

(e) a second reais opcratively connected to said 
ciutch for irging said pair of friction strfaces into 
frictional engagement, 

(f) said first and sccord nicans operatively engaging 
said clutch at separate locations and urging the same 
iron substantially the sanc direction, 

15. In a differential transnision the combination con 
prising 

(a) a gear case, 
(b) a posser transnission gear train operatively posi 

tioned within said case, 
(l) inclitting a pair of side gears and compensat 

iiig geariig, 
(c) clutch tiears operatively connected to said gear 

train and said case for opposing relative rotative 
o'clic if of incibers of said gear train, 

(ii) a first ticals including a first pressure plate and 
icing independent of said side gear and operatively 
contiected to said clitch neans for operatively en 
gaging the same, 

(c) aid a second iricans including a second pressure 
plate incais and being operatively connected to said 
citich fricans for operatively engaging the same 
separately from the operative engagement of said 
first press tire plate s'ith said clutch leans whereby 
a double engagement is provided on said clutch 

(S. 

16. In a differential transmission trait the conibination 
co! if rising 

O 
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(a) a gest' ('cisc, 
(i) a po: 'er ti ission gear train dri' citly posi 

tio, iccd 'if; in said case and 
(l) it ciliding a pair" of sicle gcai's aid coijipensat 

iii.; gearing, 
(c) clich ica is positioned het 'een (it least one of 

?aid side gears clijci said case for opposing relative 
rottiye Flygine; it of pleinbei's of said gcar train, 

(d) first Fict its opertiii'cly connected to said clutch 
intertiis il. iiidiig a first press tire piate rotatable with 
(tial Airly lovcible relative to said gear case and 
being independent of said side gear for engaging said 
clutch means, 

(c) and second neas operatively connected to said 
clutch in ea its incliiding a second pressitre plate 
Firea is for engaging said clutch means separately 
fro;: the engage lient of said first pressure plate with 
said clitici Fi cris 14 iterchy a dolible engageinent is 
provided on said clitch injeans. 

17. In a differential transiriission init tie combination 
co; if rising 

(ii) a gear case, 
(b) a power trafisiitting nearls drivenly positioned 

'ithin said case and inclit ding a pligitality of nein 
befs, 

(c) clutch calls operatively coil itected to said power 
trails Hitting incai is and said case including at least 
a pair of coopeiating friction strfaces for opposing 
relative regative no 'eneit of said inleinbers, 

(d) a resilientiy biased in cans operatively connected 
to said cititch and trging said pair of friction sur 
faces into initial frictional engagement, and 

(e) a second inea is constitiiting a portion of said 
pois' cr trail,Siiitiing means operatively connected to 
said clittch and additionally trging said friction stir 
faces into frictional cngagement, 

(f) the irging of said second neans being in response 
to and proportional to the torqile transferred by 
said differenitial transhiission init, and 

(g) said resilientiy biased niecins and said second 
near is operatively engaging said clitich at separate 
locations and tirging the same froin substantially 
tie sanic direction. 

18. In a differential traitsinission unit the combination 
comprising 

(a) a gear case, 
(b) a poli'er transmission gear train drivenly posi 

tioned within said case 
(1) and including a pair of side gears and con 

pensating gearing, 
(c) clutch means operatively connectica to said gear 

train and said case for opposing relative rotative 
in ovenacnt of gears of Said gear train, 

(d) and resilient means operatively connected to said 
citch in eans independent of at least one of said side 
gcai's for cngaging said clutch incans, 

(e) the gcai's of said gear train being meshed in a re 
lationship to provide a component of tooth pres 
sure for urgiiig at least one gear of Said gear train 
to engage said clitich ficans separately from the en 
gageinent of the resilient incans with said clutch 
licans 'hereby a doiible engagenient is provided on 
said clitch incaits. 

19. In a differential transnaission unit the coilbination 
comprising 

(a) a gear case, 
(b) a power transmission gear train drivenly positioned 

within said case 
(l) and including a pair of side gears and com 

pensating gearing, 
(c) clutch neans operatively connected to and dis 
posed between at least one of said side gears and 
said case for opposing relative rotative novement of 
members of said gear train, 

(d) a pressure plate in Ottiited for utilitary rotary nove 
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ment with and civial movement relative to said gear 
case and adapted to cause engagement of Said clutch 
flea 2S, 

(e) and resilient incans independent of said side gear 
and engaging said pressure plate to apply a load Oi! 
said clutch nearts, 

(f) the gears of said gear train being nieshed in a 
relationship to provide a compo; ent of tooth pres 
Slure for Liiging said one side gear out 4'ardly to 
engage said clutch in eans separately froin the en 
gageinent of Said pressure plate l'iii said clutch 
means l'hereby a dolible engagement is provided on 
said clutch means. 

20. In a differential transmission init the combination 
comprising 

(a) a rotatable gear case, 
(b) a power transilission gear train operatively posi 

tioned within said case 
(1) and inclitading a pair of opposed side gears 
each adapted for connection to an axle shaft, 

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

(1) Soine of said friction plates being rotatable 
4'ith Gitl axially novable relative to said one 
side gear, 

(2) and other of said friction plates being rotat 
able with aid axially novable in said case, 

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

(e) 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 novenient of neinbers of said gear train, 

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

2. In a differential transmission unit the combination 
comprising 

(a) a rotatable gear case, 
(b) a power transmission gear train operatively posi 

tioned within said gear case 
() 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 novable 
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 in ward relative to 
said friction plates carried by said side gear, 
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(c) a pressire plate nounted fo; iiiitary rotary nove 

yacht with and axial novenient relative to said gear 
case and positioned co-axial 'ith said Oile side gear, 

(1) said pressure plate anal said side gear' being 
adapted to engage said one friction plate with 
the engageinent of said pressite plite heing at 
a greater radial distance than said osie side 
gcair, 

(d) and resilient ficans indepeiident of said one side 
gear and compressed agtist said pressitic flaic for 
biasing the friction plates against said case to oppose 
relative rotary novenient of the nienbers of said 
gear case, 

(e) the pitch line of said side and contpensating gears 
being disposed at an angle to Ittilize tie axial thrust 
of the neshing teeth of said gears to stipple pient said 
resilient means to increase the force stipplied to said 
friction sitrfaces in proportion to the ilpiti torque to 
the transmission. 

22. In a difierciitial traitsinission itiit the combination 
comprising 

(a) a rotatable gear case, 
(b) a power traitsnaission gear train operati'cly posi 

ting'd :'ithin said case 
(1) and including coinpeiasating gears and side 

gears, 
(2) each side gear being adapted for receihing an 

axle shaft and one of said side gears having a 
plurality of friction plates avially movable 
thereon, 

(3) a plurality of friction plates carried by said 
gear case for initary rotation and axial nove 
nient relatine thereto and being inter lea?ed hi'ith 
the friction plates of said side gear, 

(c) a substantially airvillar pressure plate notinied for 
unitary rotary noverient with an avial triovenient 
relative to said gear case and positionel co-axial 
4'ith and sit"rottiding a portion of said side gear, 
(1) said pressitre plate and said side gear being 
adapted to engage one of said friction plates 
with the engage inent of said pressure plate at a 
greater radial distance than said side gear, 

(d) and resilient incans independent of said side gear 
and coil pressed against said pressure plate for bias 
ing the friction plates against said case to oppose 
relative rotative no 'etaent of neibers of said gear 
train, 

(e) tie 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 strface in proportion to the input 
torque to the transmission. 
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