R

PCT

WORLD INTELLECTUAL PROPERTY ORGANIZATION
International Bureau

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(51) International Patent Classification 6 :

F16H 48/22 Al

(11) International Publication Number:

(43) International Publication Date:

WO 96/41089

19 December 1996 (19.12.96)

(21) International Application Number: PCT/US95/11968

(22) International Filing Date: 28 September 1995 (28.09.95)

(30) Priority Data:
08/482,846 7 June 1995 (07.06.95) us
(71) Applicant: TITAN WHEEL INTERNATIONAL, INC.

[US/US}; 2701 Spruce Street, Quincy, IL 62302 (US).

(72) Inventor: DISSETT, Walter, L.; 30767 Misty Pines Drive,
Farmington Hills, MI 48336 (US).

(74) Agent: LAUBSCHER, Lawrence, E., Sr.; Laubscher & Laub-
" scher, 745 South 23rd Street, Arlington, VA 22202 (US).

(81) Designated States: CA, CZ, DE, GB, SK, European patent
(AT, BE, CH, DE, DK, ES, FR, GB, GR, IE, IT, LU, MC,
NL, PT, SE).

Published
With international search report.
With amended claims and statement.

(54) Title: HYDRAULICALLY-OPERABLE LOCKING DIFFERENTIAL WITH IN-LINE PISTON MEANS

(57) Abstract

A hydraulically-operable locking differential includes a friction-
pack arrangement (160) for locking an output shaft (104) and
associated side gear (120) with the differential housing (134), use
being made of a piston-cylinder motor (140) the axis of which is
collinear with the output shaft (104). The advantage is afforded that
the locking operation may be affected while the drive and output
shafts are rotating without stopping the vehicle.
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HYDRAULICALLY-OPERABLE LOCKING DIFFERENTIAL
WITH IN-ILINE PISTON MEANS

Specification
Statement of the Invention

An improved locking differential is provided
including hydraulically-operable annular friction pack
means arranged concentrically about a given output
shaft for selectively connecting the output shaft and
its associate side gear to the differential housing
that is rotatably driven by the drive shaft, use being
made of a hydraulic piston and cylinder motor the axis
of which is colinear with that of the given output
shaft.

Brief Description of the Prior Art

Limited slip differentials including
hydraulically-operable friction pack means are known
in the art, as evidenced by the patents to Breed et al
No. 3,974,717, Naito Nos. 4,790,404, and 5,152,362 and
Haupt et al No. 5,161,636, among others.

It is also known to provide locking differentials
in which hydraulically-operable clutch dog means are
utilized to effect locking of an output shaft to the
differential currently housing, as indicated by the
locking differential currently produced by Fiat Motor

- Co. Since this type of locking differential-reqﬁires'. S

that the various drive and driven shafts of the
differential be stationary during the shifting of the

clutch dog means, it is desirable to provide an
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improved hydraulically-operable locking arrangement
for converting the known differentials to
differentials that can be operated while the vehicle
is in operation, and which require fewer parts and are
thus less costly. |

Summary of the Invention

Accordingly, a primary object of the present
invention is to provide an improved hydraulically-
operable locking differential in which an annular
friction pack assembly is mounted concentrically about
an output shaft for locking the output shaft and the
side gear splined thereto to the differential housing
by means of a piston and cylinder motor the axis of
operation of which is colinear with the axis of
rotation of the output shaft and the differential
housing. ‘

According to a more specific object of the
invention, the friction pack assembly is arranged
outside of the differential housing and includes
friction disks that are splined for axial displacement
relative to the housing. Reaction disks arranged
alternately between the friction disks are splined to
the inner surface of a cup-shaped piston which in turn
is splined to the output shaft, so that when the
friction pack assembly is axially compressed, the.

~output shaft and its associated side gear are locked

to the differential housing.



WO 96/41089 PCT/US95/11968

10

15

20

25

-3=-

A further object of the invention is to provide a
locking differential of the type described above
wherein the cylinder is also cup-shaped and is
removably connected with the differential casing for
substitution for the known mechanical clutch dog
arrangement. The cup-shaped piston includes an
annular end wall projecting portion that is splined to
the output shaft and that extends axially within a

~corresponding opening contained in the cylinder end

wall. Seal means are provided for sealing the sliding
connection between the piston side wall and the
cylinder side wall, thereby to seal the working
chamber of the in-line hydraulic motor means.

Brief Description of theiDrawings

Other objects and advantages of the invention
will become apparent from a study of the following
specification, when viewed in the light of the
accompanying drawings, in which:

Fig. 1 is a sectional view of a locking
differential of the prior art;

Fig. 2 is a sectional view of a first embodiment
of the improved locking differential of the present
invention; .

Fig 3 is a sectional view taken along iine 3-3 of
Fig. 2; : ,

Fig. 4 is an end view of one of the friction
disks of Fig. 2;

Fig. 5 is a sectional view of the preferred
embodiment of the invention;
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Fig. 6 is an end view of the annular roller
bearing means of Fig. 5; and

Figs. 7 and 8 are sectional views taken along
lines 7-7 and 8-8 of Fig. &6, respectively.

Detailed Description
Referring first more particularly to Fig. 1, the

illustrated locking differential is known in the prior
art and is typical of the differential use by Fiat
Motor Co. As is conventional, the output shafts 2 and
4 are driven from drive shaft 6 via drive pinion 8,
ring gear 10 which is bolted to the rotatably mounted
housing 12, intermediate bevel pinion 14 that is
rotatably connected with housing 12 by spider shaft
16, and a pair of side gears 18 and 20 that are non-
rotatably splined to the output shafts 2 and 4,
respectively. 'In accordance with a characterizing
feature of this differential, clutch dog means 22 are
provided for locking the output shaft 4 to the
differential housing 12. To this end, first clutch
dog member 24 is splined for non-rotatable connection
with the axially projecting housing end portion 12a,
and a cooperating second clutch dog member 26 is
provided that is splined for axial sliding
displacement relative to annular sleeve member 28

which in turn is splined to the output shaft 4. The .

clutch dog members 24 and 26 are normally biased apart
toward the illustrated disengaged position by helical
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compression spring means 30 that reacts between wall
portion 34a of the differential casing 34 and the end
wall of cup-shaped piston 36 that reciprocates within
a similar cup-shaped cylinder 38 of hydraulic motor
means 40. The cylinder 38 is removably bolted to
casing wall portion 38 by bolt means 42. Output
shafts 2 and 4, and the side gears 18 and 20 splined
thereto, normally rotate freely relative to housing
12.

In this prior art differential embodiment, in
order to connect output shaft 4 and side gear 20 to
the differential housing 12, hydraulic fluid from
source 50 is supplied via valve 52 to the working
chamber 54 of hydraulic motor 40, which working
chamber is defined between the end walls of the piston
and cylinder. Thus, when the differential gearing
arrangement is at rest and hydraulic fluid is supplied
to working chamber 54 from source 50 via control valve
52, piston 36 is displaced to the left against the
biasing force of spring 30, thereby to shift movable
clutch dog member 26 into engagement with the clutch
dog member 24 that is splined to the differential
housing 12. Housing 12 is now connected with side
gear 20 via the cooperating teeth of clutch dog
members 24 and 26, éplined sleeve 28, and Spiined
output shaft 4 which is freely rotatable within the
end opening contained in housing 12. Since the side
gears and intermediate gears are locked to the housing
12, the output shafts 2 and 4 are driven at the same
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speed from drive shaft 6. Upon closing valve 52 and
opening valve 53 to vent working chamber 54, spring 30
expands to shift clutch dog 36 to the right toward the
illustrated disengaged condition.

Referring now to Figs. 2-4, the improved
differential of the present invention includes an
annular friction pack assembly 160 arranged
concentrically about the end portion 112a of housing
112 that extends beyond the bearing support means 113.

The friction pack assembly includes a stack of
alternately arranged annular friction disks 162 and
reaction disks 164, the friction disks 162 being
splined at their inner circumference in non-rotatable
axially-slidable relation with the housing end portion
112a, and the reaction disks 164 being in non-
rotatable axially-slidable splined relation relative
to the inner surface of the annular wall portion 136b
of piston 136.

First annular spacer washer 166 is arranged
concentrically about the output shaft 104 intermediate
the friction pack means 160 and the piston bottom wall
136a. Arranged between the other end of the friction
pack means 160 and the casing wall surface 134a is an
annular disk spring 168 and a second annular washer
170.

The cup-shaped piston 136 is arranged for axial

sliding displacement within a corresponding cup-shaped

cylinder 138 having an end wall portion 138a extending



WO 96/41089 PCT/US95/11968

10

15

20

25

-7 =

normal to the output shaft 104, and an annular side
wall portion 138b the free extremity of which is
maintained in tight engagement with the casing wall
surface 134a, as effected by the tight pressure
produced by the bolt fastening means 142.

The piston end wall 136a contains a central
opening and an annular projecting portion 136c that is
splined for axial sliding connection relative to the
output shaft 104, the sliding connection between the
outer surface of the annular projecting portion 136c
and the corresponding wall of the central opening
contained in the cylinder 138 being sealed by a first
quad-ring 174. A second quad-ring 176 provides a seal
between the outer surface and the piston 136 and the
inner wall surface of the cylinder 138, thereby
defining between the end walls 136 and 138 a hydraulic
working chamber 154.

Operation

In operation, assume that the vehicle is in
operation, that the output shafts 102 and 104 and the
drive shaft 106 are rotating, and it is desired to

~lock the differential by connecting the output shaft

104 and side gear 102 to the differential housing 112.
Pressure fluid is supplied to working chamber 154 from
source 150 via control valve 152, and piston 136 is
shifted to the left toward caéing wall surface 134a
against the biasing force of disk spring 168, thereby
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to press the friction plates 162 and reaction plates
164 axially together, whereby the piston 136, output
shaft 104, and side gear 120 are locked to the
differential housing 112. The housing 112 is
rotatably driven from drive shaft 106 via ring gear
110, whereupon the output shafts 102 and 104 are then
driven at the same rotational velocity.

When it is desired to remove the locking
condition, the supply of fluid to working chamber 154
via valve 152 is interrupted, and the working chamber
is vented to sump via second control valve 153. Disk
spring 168 expands to bias the friction pack 160 and
washer 166 to the right, and the pressure on the
alternately arranged pressure plates and reaction
plates is relieved, whereupon output shaft 104, piston
136, reaction plates 164, and side gear 120 are free
for rotation relative to the housing 112. The
unlocked differential then operates in its normal
manner.

The present invention offers the advantage that
it permits sﬁifting "on the fly" while the vehicle is
moving, and furthermore requires fewer complex.
components. It is also easy to automatically control
the activation of the system by conventional
electronic speed sensor means 180 that control the
operation of the control valves 152 and 154 as a N
function of wheel or shaft rotational velocity. The
use of the friction pack means permits the adjustment
of the friction pressure, thereby to determine the
torque bias of a limited slip differential.
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Referring now to the preferred embodiment of Fig.
5, in order to axially compress the reaction disks 264
that rotate with the output shaft 204, and the
friction disks 262 that are splined to the stationary
housing portion 212, thereby to lock the driver shaft
204 to the housing 212, an auxiliary annular piston
237 of generally planar configuration is mounted for
sliding movement within an annular groove contained in
the end wall of the cylinder 239 in response to the
supply of pressure fluid from source 250 to working
chamber 254 via valve 252. The planarvleft-hand face
237a of piston 237 is in constant engagement with a
plurality of cylindrical roller bearings 239 that are
radially mounted in annular bearing cage support 241.
At one end, the friction pack 260 is engaged by
annular washer 266, and at its other end the friction
pack engages disk spring 268 which in turn is in
engagement with annular washer 270. The working
chamber 254 is sealed by the annular resilient guad-
rings 275 and 277 that are mounted in annular grooves
contained in the cylinder walls for sliding engagement
with the inner and outer circumferential walls of
auxiliary piston member 237, respectively.
Alternatively, the quad-ring seals could be arranged
in corresponding grooves contained in thé outer and
inner circumferential surfaces of the piston.

In this embodiment, a tighter seal of the chamber

254 is maintained since the piston 237 is not
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rotatably driven relative to cylinder 238, as in the
embodiment of Fig. 2. Otherwise, the operation of the
two differentials is substantially the same.
While in accordance with the provisions of the

5 Patent Statutes the preferred forms and embodiments of
the invention have been illustrated and described, it
will be apparent to those skilled in the art that
various modifications may be made without deviating
from the inventive concepts set forth above.
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What Is Claimed Is:

1.

A locking differential apparatus for driving

a pair of aligned axially spaced output shafts from a
rotatably driven drive shaft, comprising:

(a)

(b)

(c)

(d)

a hollow differential casing (134, 234)
containing openings for receiving the output
and drive shafts, respectively;

a hollow differential housing (112, 212)

containing a pair of opposed aligned shaft

openings for rotatably receiving the
adjacent ends of the output shafts,
respectively;

journal means (113, 213) rotatably

supporting said housing within said casing

for rotation about the axis of said housing
openings;

differential gearing means connected with

said housing for driving the output shafts

from the drive shaft, including:

(1) ring gear means driven by the drive
shaft for rotating said housing about
said rotational axis;

(2) a pair of side gears rotatably mounted
in said housing openings for splined
non-rotatable connection with the
output shafts, respectively; and

(3) intermediate pinion gears rotatably
connected with said housing and in
enmeshing engagement with said side
gears; and
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normally-deactivated locking means operable

to lock one of said side gears (120, 220)

and the associated output shaft (104, 204)

with said housing, including:

(1)

(2)

(3)

annular friction pack means (160, 260)
arranged concentrically about said
housing axis of rotation, said friction
pack means including a stack of
alternately arranged friction disks
(162,262) and reaction disks (164,
264), said reaction disks being
connected for non-rotatable axial

sliding displacement relative to said

housing;

means connecting said friction disks
for non-rotatable axial sliding
displacement relative to the output
shaft associated with said one side
gear; and |
hydraulic motor means (136, 138; 236,
238) for pressing said stack of
friction and reaction disks together,
said hydraulic motor means having an
axis of operation colinear with said
housing axis of rotation.

Apparatus as defined in claim 1, wherein said

housing has a pair of opposed end portions containing
said shaft openings, respectively, said housing end
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portions being journalled in said casing by said
journal means, the one housing end portion associated
with said one side gear extending through and
projedting beyond the associated journal means; and
further wherein said friction pack means is arranged
concentrically about said one projecting housing end
portion, said friction disks being splined for axial
sliding displacement relative to said one housing end
portion.

3. Apparatus as defined in claim 2, wherein said
hydraulic motor means includes a cylinder and a
piston, said piston being generally cup-shaped and
having an end wall (136a, 236a) extending normal to
said housing axis of rotation, and an annular side
wall (136b, 236b) extending concentrically around said
friction pack means, said piston end wall containing a
splined opening for non-rotatable connection with the
associated output shaft, said piston side wall having
a splined inner wall surface, said reaction disks
having a splined external circumference in sliding
connection with said splined piston inner wall
surface.

4. Apparatus as defined in claim 3, wherein said
cylinder (138, 238) is generally cup-shaped and has
the same orientation as said piston, said cylinder
including an annular side wall (138b, 238b) extending

concentrically around said piston annular side wall,
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and an end wall (138a, 238a) extending normal to and
containing an opening receiving the associated output
shaft.

5. Apparatus as defined in claim 4, wherein said
cylinder annular side wall (138b, 238b) has a free
extremity in abutting engagement with a corresponding
wall surface (134a, 234a) of said casing, and further
including means removably connecting said cylinder
with said casing.

6. Apparatus as defined in claim 5, and further
including annular disk spring means (168, 268)
compressed between said friction pack means and said
casing wall surface to bias said friction and reaction
disks together, thereby to afford limited slip
operation of the differential.

7. Apparatus as defined in claim 6, and further
including a first annular reaction washer (166, 266)
arranged between said friction pack means and said
piston end wall, and a second annular reaction washer
(170, 270) arranged between said disk spring and said
casing wall surface.

8. Apparatus as defined in claim 5, and further
including means defining a hydraulic motor working
chamber (154, 254) between said piston and cylinder
end walls.
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9. Apparatus as defined in claim 8, wherein said
cylinder (138, 238) includes a cylindrical inner wall
surface, and wherein said piston (136, 236) includes a
cylindrical outer surface in sliding engagement with
said cylinder inner wall surface.

10. Apparatus as defined in claim 9, wherein
said piston includes on its end wall an integral
annular projecting portion (136c, 2560) arranged
concentrically about said piston end wall opening,
said piston projecting portion extending in sliding
engagement concentrically within said cylinder end

wall opening.

11. Apparatus as defined in claim 9, and further
including first seal means (176) affording a seal
between said piston cylindrical outer surface and said
cylinder inner wall surface.

12. Apparatus as defined in claim 11, and
further including second seal means (174) affording a
seal between said piston annular projecting portion
and said cylinder opening.

13. Apparatus as defined in claim 9, wherein

said means defining said hydraulic motor working

chamber (254) includes an annular groove contained in

said cylinder end wall adjacent said piston, and an
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auxiliary annular piston (237) mounted for sliding
movement in said annular groove; and further including
annular bearing means (239, 241) arranged between said
auxiliary piston and said piston end wall, whereby
upon the application of pressure to said working
chamber, said auxiliary piston activates said piston
to axially compress said reaction disks and said
friction disks, respectively.

14. Apparatus as defined in claim 13, and
further including seal means (275, 277) sealing the
inner and outer peripheral walls of said auxiliary
piston relative to the walls of said groove.
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[received by the International Bureau on 11 June 1996 (11.06.96);
original claims 1-14 replaced by amended claims 1-8 (4 pages)]

1. A locking differential apparatus for driving a pair of aligned

axially spaced output shafts from a rotatably driven drive shaft, comprising:

(2)

(b)

(c)

a hollow differential casing (134; 234) containing a
chamber and including an input shaft wall opening for
receiving said input shaft, and a pair of opposed casing
walls containing output shaft wall openings;
a hollow differential housing (112; 212) rotatably
mounted within said casing chamber, said housing
including a pair of axially aligned end portions journalled
in said casing output shaft openings, respectively,
thereby to define the axis of rotation of said housing,
said housing end portions containing aligned through
bores for receiving said output shafts, respectively, at
least one of said housing end portions (112a, 212a)
extending axially outwardly through of said casing wall
opening;
differential gearing means connected with said housing
for driving the output shafts from the drive shaft,
including:
(1)  ring gear means (110) driven by the drive shaft
for rotating said housing about said rotational
axis, - o S .
(2)  apair of side gears (118, 120) rotatably mounted
in said housing through bores for splined non-
rotatable connection with the output shafts,
respectively, and A
(3)  intermediate pinion gears (114) rotatably
connected with said housing and in enmeshing

engagement with said side gears; and

AMENDED SHEET (ARTICLE 19)
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normally-deactivated locking means operable to lock

one of said side gears (120, 220) and the associated

output shaft (104, 204) with said housing, including:

(1

@

annular friction pack means (160; 260) arranged

concentrically about said one housing end

portion, said friction pack means including a

stack of alternately arranged relatively axially
displaceable friction disks (162; 262) and

reaction disks (164; 266) adapted for connection

with said housing and with the associated output

shaft, respectively; and

hydraulic motor means for axially compressing

said friction pack means, including;

(a)

(b)

a pair of nested outer and inner cup-
shaped members (138, 136; 238, 236)
having concentrically arranged annular
side walls (136b; 236b) extending
concentrically about said friction pack
means, and end walls (136a; 236a) at
adjacent first ends of said side walls
remote from said housing, respectively,
said end walls each containing aligned
central openings for receiving said
associated dutput shaft;

means (142; 242) connecting the other
end of said outer cup-shaped member
with the adjacent casing wall, said inner
cup-shaped member being axially
displaceable relative to said outer cup-

shaped member, said friction discs being

AMENDED SHEET (ARTICLE 19)
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axially splined to the outer circumference
of said one housing end portion, said
reaction disks being axially splined to the
inner circumference of said inner cup-
shaped member side wall, and said inner
cup shaped member end wall being
adapted for axially splined connection
with the associated output shaft; and

(c)  means defining a hydraulic motor
working chamber (154; 254) between
said inner and outer cup-shaped member -
end walls, whereby upon the introduction
of pressure fluid into said working
chamber, said inner cup-shaped member
is axially displaced toward said casing to

compress said friction pack means.

2. Apparatus as defined in claim 1, and further including annular disk
spring means (168, 268) compressed between said friction pack means and said
adjacent casing wall to bias said friction and reaction disks together, thereby to

afford limited slip operation of the differential.

3. Apparatus as defined in claim 2, and further including a first annular
reaction washer (166; 266) arranged between said friction pack means and said B
inner cup-shaped member end wall, and a second annular reaction washer (170;

270) arranged between said disk spring and said adjacent casing wall.

4. Apparatus as defined in claim 1, wherein the surface of said outer
cup-shaped member end wall adjacent said inner cup-shaped member end wall
contains an annvlar groove defining said working chamber: and further wherein
said side walls of said inner and outer cup-shaped members are in sliding

engagement.

AMENDED SHEET (ARTICLE 19)
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5. Apparatus as defined in claim 4, wherein said inner cup-shaped
member includes on its end wall an integral annular projecting portion (136c;
236c) arranged concentrically about said inner cup-shaped member end wall
opening, said projecting portion extending in sliding engagement within said

outer cup-shaped member end wall opening.

6. Apparafus as defined in claim 5, and further including first seal
means (176) affording a seal between said inner and outer cup-shaped member
side walls, and second seal means (174) affording a seal between said inner
cup-shaped member annular projecting portion and said outer cup-shaped

member end wall opening.

7. Apparatus as defined in claim 5, and further including an auxiliary
annular pistoﬁ (237) mounted for sliding movement in said end wall annular
groove; and further including annular bearing means (239,241) arranged
between said auxiliary piston and said inner cup-shaped member end wall,
whereby upon the application of pressure to said working chamber, said
auxiliary piston activates said inner cup-shape member to axially compress said

friction pack means.
8. Apparatus as defined in claim 7, and further including seal means

(275, 277) for sealing the inner and outer peripheral walls of said annular

auxiliary piston relative to the walls of said annular groove.

AMENDED SHEET (ARTICLE 19)
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STATEMENT UNDER ARTICLE 19

An improved locking differential includes a rotary differential housing (112:
212) having an end portion (112a; 212a) that extends axially externally of the
bearings that support the housing for rotation within the differential casing. An
annular friction pack (160;260) is arranged concentrically about the housing
extending end portion for selectively locking the housing to the associated output
shaft. In accordance with a characterizing feature of the invention, the friction pack
is compressed by hydraulic motor means including a pair of nested cup-shaped
members (136, 138: 236, 238) the outer one of which is bolted to the differential
casing. The annular working chamber (154; 254) of the hydraulic motor means is
defined by a groove formed in the end wall of the outer cup-shaped member,
thereby affording a large pressure surface area on the associated piston for

compressing the friction pack means.
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