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A differential apparatus (10) for transmitting a driv-
ing force from a pinion gear (12) supported on an input
shaft (14) to a pair of axle output shafts (18, 20) includes
a differential case (22), a ring gear (16), and a spider gear
assembly (32). The differential case (22) is made from a
single piece and includes a longitudinally extending cen-
tral bore (24) that defines a longitudinal axis (26). The
differential case (22) includes a plurality of longitudinal
slots (28) extending along an inner surface of the central
bore (24). A ring gear (16) is supported by the differential
casing (22) and is rotatable about the longitudinal axis (26)
by the pinion gear (12) connected to the input shaft (14),
The ring gear (16) is preferably welded to the differential
casing (22). The differential apparatus (10) also includes
a spider member (34) that has a central body portion (38)
with a plurality of legs (40) extending radially outwardly
from the body portion (38). A spider gear (36) is supported
on each of the legs (40). The differential case (22) can be
used with either a standard differential or a limited slip dif-
ferential. In the standard differential, the spider legs (40)
are received and retained within the logitudinal slots (28)
without the use of fasteners. In the limited slip differen-
tial, an actuator housing assembly (76) includes tabs (82)
that are received in the longitudinal slots (28) and the spi-
der legs (40) react against the actuator housing assembly
(76). In both configurations, the spider gears (36) drive
side gears (42, 44) that are mounted to each of the axle
shafts (18, 20), which drive the vehicle’s wheels.

Y




AL
AM
AT
AU
AZ
BA
BB
BE
BF
BG
BJ
BR
BY
CA
CF
CG
CH
CI
CM
CN
CU
Ccz
DE
DK
EE

Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT.

Albania
Armenia
Austria
Australia
Azerbaijan
Bosnia and Herzegovina
Barbados
Belgium
Burkina Faso
Bulgaria

Benin

Brazil

Belarus

Canada

Central African Republic
Congo
Switzerland
Cote d’Tvoire
Cameroon
China

Cuba

Czech Republic
Germany
Denmark
Estonia

ES
FI
FR
GA
GB
GE
GH
GN
GR
HU
IE
IL
IS
IT
JP
KE
KG
KP

KR
KZ
LC
LI

LK
LR

FOR THE PURPOSES OF INFORMATION ONLY

Spain

Finland

France

Gabon

United Kingdom
Georgia

Ghana

Guinea

Greece

Hungary

Treland

Israel

Tceland

Italy

Japan

Kenya
Kyrgyzstan
Democratic People’s
Republic of Korea
Republic of Korea
Kazakstan

Saint Lucia
Liechtenstein

Sri Lanka

Liberia

LS
LT
LU
LV
MC
MD
MG
MK

ML
MN
MR
MW
MX
NE
NL
NO
NZ
PL
PT
RO
RU
Sb
SE
SG

Lesotho

Lithuania
Luxembourg

Latvia

Monaco

Republic of Moldova
Madagascar

The former Yugoslav
Republic of Macedonia
Mali

Mongolia

Mauritania

Malawi

Mexico

Niger

Netherlands

Norway

New Zealand

Poland

Portugal

Romania

Russian Federation
Sudan

Sweden

Singapore

SI
SK
SN
Sz
TD
TG
TJ
™
TR
TT
UA
UG
us
vz
YN
YU
W

Slovenia

Slovakia

Senegal

Swaziland

Chad

Togo

Tajikistan
Turkmenistan
Turkey

Trinidad and Tobago
Ukraine

Uganda

United States of America
Uzbekistan

Viet Nam
Yugoslavia
Zimbabwe




WO 00/37830 PCT/US99/29391

Description

VEHICLE DIFFERENTIAL

Technical Field

The present invention relates generally to a
differential assembly with a single piece differential
casing that can accommodate a standard or limited slip
configuration and which eliminates the use of
fasteners for mounting the ring gear to the

differential casing.

Background Art

Vehicle differential assemblies are used to
transmit driving torque from a vehicle engine to the
wheels. A pinion gear is mounted to a vehicle
driveshaft which is driven by the vehicle engine. The
pinion gear is used to drive a ring gear in the
differential assembly. Torque is transmitted from the
ring and pinion, through the differential assembly, to
a pair of transversely extending axles shafts. The
torque supplied to the axles shafts is used to drive
the vehicle wheels. |

Traditionally, vehicle differential
assemblies have been designed with a bolted joint
configuration. The ring gear has a central bore that
is located on the differential case by a pilot or
press fit. The ring gear is attached to the
differential case by a number of bolts or other
fasteners. Additionally, dowels can be inserted
through the ring gear and pressed into holes in the

differential case to strengthen the bolted joint. It
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is difficult to accurately locate the holes for the
fasteners and/or dowels such that the holes in the
ring gear are aligned with the holes in the
differential case.

Another difficulty with such a configuration
is the strength and reliability of the bolted joint.
During vehicle operation, vibrations and shock loads
can loosen or weaken a bolted joint, which can
eventually lead to failure of the joint.

Some differential assemblies also have two
or more spider pinion gears located within the
differential to accommodate situations where the axle
shafts are turning at different speeds or in different
directions. The spider pinion gears are supported on
a single piece spider shaft having legs that
correspond in number to the number of spider pinion
gears. In other words, the spider shaft has a spider
pinion gear supported on each of its legs.

Assembling a spider shaft that has more than
two legs into the differential case requires the case
to be made in two halves with a split along the
centerline of the spider legs. Typically, these two
halves are joined together by a number of bolts or
other fasteners. 1In most instances, this is done
using the same bolts that attach the ring gear to the
differential case. This increases the difficulty in
accurately locating the holes for the fasteners such
that the holes in the ring gear are aligned with the
holes in both halves of the differential case. Also,
long bolts are required, which increases the cost for

the differential assembly.
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There are also various types of differential
assemblies. There are standard differential
assemblies and limited slip differential assemblies.

A limited slip differential includes components for
developing more traction at a wheel opposite from the
wheel experiencing slip conditions. Different
differential cases are required to accommodate the
different components for the standard versus limited
slip configurations. This proliferates the number of
parts required for the differential assemblies.

Thus, it is desirable to have a differential
assembly that can be used with either a standard or
limited slip configuration and which does not require
a bolted joint configuration so that the use of
fasteners and dowels to mount the ring gear to the
differential case can be eliminated. Also, it would
be desirable to have a single piece differential case
such that the fasteners used to connect the case
halves could be eliminated. This would improve
overall strength and reliability of the differential
due to the elimination of the bolted joint and would

also reduce cost and assembly time.

Disclosure of the Invention

According to one embodiment of the present
invention, a differential apparatus for transmitting a
driving force from an input shaft to a pair of output
shafts comprises a single piece differential casing
having a central bore and defining a longitudinal
axis. The differential casing includes a plurality of

longitudinal slots extending along an inner surface of
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the central bore. The apparatus further includes a
ring gear and a spider. The ring gear is supported by
the differential casing and is rotatable about the
longitudinal axis by a pinion gear connected to the
input shaft. The spider has a central body portion
with a plurality of legs extending radially outwardly
therefrom. The legs are received in the longitudinal
slots. A spider gear assembly has a spider gear
member supported on each of the legs. The
differential casing, ring gear, and spider assembly
rotate together about the longitudinal axis as the
driving force is transmitted from the input to the
output shafts.

According to another embodiment of the
invention, a differential apparatus for transmitting a
driving force from an input shaft to a pair of output
shafts includes a single piece differential casing
having a central bore and defining a longitudinal
axis. The differential casing includes a plurality of
longitudinal slots extending along an inner surface of
the central bore. A ring gear is supported by the
differential casing and is rotated about the
longitudinal axis by a pinion gear connected to the
input shaft. The apparatus includes an actuator
member having extensions received in the longitudinal
slots. The actuator receives rotational input from
the ring gear and differential housing. A spider gear
assembly has a plurality of spider gear members and
transmits driving input from the actuator member to
the pair of output shafts. 1In a standard differential

configuration, the actuator member is a spider having
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a central body portion with a plurality of legs
extending radially outwardly therefrom with each of
the legs supporting one of the spider gear members.
The extensions are the legs which are received in the
longitudinal slots. 1In a limited slip differential
configuration, the actuator member is an actuator
housing assembly having a cylindrical body with a
plurality of tabs extending outwardly from and spaced
circumferentially about an exterior surface. The
extensions are the tabs which are received in said
longitudinal slots.

In one alternate embodiment, the ring gear
is integrally formed with the differential casing. In
another alternate embodiment, the ring gear includes a

plurality of slots for receiving the spider legs.

Brief Description of the Drawings

Figure 1 is a partial cross-sectional view
of a standard differential assembly incorporating the
subject invention;

Figure 2 is a cross-sectional view of the
differential casing;

Figure 3 is a partial cross-sectional view
of a limited slip differential assembly incorporating
the subject invention;

Figure 4 is a cross-sectional view of an
alternate embodiment of the subject invention;

Figure 5 is a partial cross-sectional view

of an alternate embodiment using only a single cover;
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Figure 6 is a cross-sectional view of an
alternate embodiment Having an integral ring gear and
differential casing;

iFigure 7A is a partial cross-sectional view
of an alternate embodiment of a differential assembly;
and,

Figure 7B is a perspective cross-sectional

view of the differential assembly shown in Figure 7A.

Best Mode for Carrying Out the Invention

Referring to the Figures, wherein like
numerals indicate like or corresponding parts
throughout the several views, a standard differential
assembly 10 is generally shown in Figure 1. The
vehicle differential assembly 10 transmits a driving
force or torque from a vehicle engine to the wheels.
A pinion gear 12 is mounted to a vehicle driveshaft 14
which is driven by the vehicle engine (not shown).
The pinion gear 12 is used to drive a ring gear 16 in
the differential assembly 10. Torgue is transmitted
from the ring 16 and pinion 12, through the
differential assembly 10, to a pair of transversely
extending axles shafts 18, 20. The first axle shaft
18 is used to drive one wheel of an axle and the
second axle shaft 20 is used to drive the opposite
wheel on the axle. Thus, driving torque is supplied
by the engine through the driveshaft 14 to the pinion
12, the pinion 12 drives the ring gear 16 and
differential assembly 10, and the differential 10
drives the axle shafts 18, 20 and ultimately the

wheels.
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The differential apparatus 10 includes a
single piece differential casing 22 made as a hollow
sfeel casting. The differential casing 22 has a
central bore 24 and which defines a longitudinal axis
26 (see Fig. 2). The differential casing 22 includes
a plurality of longitudinal slots 28 extending along
an inner surface 30 of the differential casing 22
which is defined by central bore 24, seen more clearly
in Figure 2.

The ring gear 16 is supported by the
differential casing 22 and is rotatable about the
longitudinal axis 26 by the pinion gear 12 connected
to the input shaft 14.

A spider assembly, shown generally at 32,
includes a spider member 34 and a plurality of spider
pinion gears 36. The spider member 34 has a central
body portion 38 with a plurality of legs 40 extending
radially outwardly therefrom, seen more clearly in
Figure 7B. Each of the legs 40 supports one of the
spider gears 36. Preferably, the longitudinal slots
28 are radially spaced about the longitudinal axis 26
at an equal distance from each other to accommodate
the legs 40 of the spider member 40 which extend
radially out from the center body 38 at equal
distances from each other.

In the preferred embodiment, the spider
member 34 has four (4) legs 40, however, other numbers
of legs 40 could be used. Thus, in the preferred
embodiment there are four (4) spider pinion gears 36,
one supported on each of the spider legs 40. The legs

40 are received in the longitudinal slots 28 such that
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the differential casing 22, the ring gear 16, and the
spider assembly 32 rotate about the longitudinal axis
26 as the driving force is transmitted from the input
14 to the output shafts 18, 20. The shafts 18, 20 are
generally collinear and also rotate about the
longitudinal axis 26. Spacers, shims, or seals 88 are
mounted on each leg 40 between the casing and the
spider gears 36.

When the vehicle is driving forward under
normal operating conditions, the pinion 12 is driving
the ring gear 16 causing the differential case 22,
spider assembly 32, and axle shafts 18, 20 to rotate
together. In this situation, the axle shafts will
generally be turning at the same speed, and the spider
gears 36 will not be individually rotating with
respect to each other. However, when the axle shafts
18, 20 are under conditions where they will be turning
at different speeds, such as when the vehicle is
turning, the spider gears 36 in the spider assembly 32
rotate to accommodate the different rotational speeds
of the axle shafts 18, 20.

The differential assembly 10 includes a
first side gear 42 supported on the first axle shaft
18 for rotation therewith and a second side gear 44
supported on the second axle shaft 20 for rotation
therewith such that the first 42 and second 44 side
gears are rotated by the driving force received from
the ring gear 16 and differential casing 22. The
first 42 and second 44 side gears are preferably
splined to their respective axle shafts 18, 20. As

discussed above, under normal operating conditions
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when the vehicle is driving straight, the side gears
42, 44 are driven by the rotational supplied by the
rotating ring gear 16, differential casing 22, and
spider assembly 32.

The differential assembly 10 includes at
least a first cover 46 for retaining the legs 40 in
the longitudinal slots 28. The cover 46 also
partially encloses one end 48 of the differential
casing 22. In one embodiment, a retaining ring 50 is
used to secure the first cover 46 to the differential
casing 22, shown in Figure 2. In another embodiment,
shown in Figure 4, the cover 46 is welded at 52 to the
casing. The weld is preferably made by a laser,
however, other welding methods known in the art, such
as an electron beam weld process, could also be used.
The preferred welding method is a method that produces
a very concentrated weld with minimal heat input.

In the preferred embodiment, a second cover
54 is used to partially enclose an opposite end 56 of
the differential casing 22. The first 46 and second
54 covers retain the spider legs 40 and spider
assembly 32 within the central bore 24. Having an
open bore 24 on both ends 48, 56 of the casing 22 is
preferred because all four slots in the bore 24 can be
broached at once before the covers 46, 54 are attached
to the casing 54.

The covers 46, 54 are pressed into the bore
24 at either end and are held in place either by a
retaining ring 50, welding, or other joining method.
The covers 46, 54 include openings for the respective

axle shaft 18, 20 to extend through. The covers 46,
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54 each include a 1lip 70 for reacting against the
respective side gear 42, 44. A seal or spacers 72 can
be placed between the lip 70 and the side gears 42,

44 . When the covers 46, 54 are pressed into the bore
24, the lip 70 presses against the side gears 42, 44
which press against the spider gears 36. One cover 46
applies a force in one direction and the other cover
54 applies a force in an opposing direction. The
opposing forces properly locate the spider assembly 32
in the bore 24 and retain the legs 40 of the spider
member 34 in their respective slots 28.

In an alternate embodiment, shown in Figure
5, the single piece differential casing 22 is
substantially enclosed at one end such that it forms a
cup shape 58. This configuration only requires a
single cover piece 46 to retain the legs 40 within the
slots 28 at an opposite end of the casing 22. Thus,
this configuration eliminates the second cover 54, but
requires the slots 28 to be broached individually by
pulling the broach bar through cast openings in one
end of the casing 22.

In either configuration, the advantage is
that no fasteners are required to connect the ring
gear 16 to the casing 22 and the fasteners that were
required to connect two casing halves in prior art
assemblies are eliminated. Thus, the differential
assembly 10 of the subject invention has reduced the
overall number of parts, reduced assembly time, and
has simplified manufacturing of parts, from known

differential assemblies.
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The casing 22 preferably includes a flange
60 at one end 48 for partially supporting the ring
gear 16. The casing 22 includes a support portion 62
located on an exterior surface of the casing 22
adjacent to the flange 60. The support portion 62 is
preferably a turned diameter on the casing 22. The
ring gear 16 includes a center aperture 64 that is
pressed on to the support portion 62. The ring gear
16 could also be attached to the casing 22 by
shrinking the finish machined and heat treated gear 16
over the turned diameter on the case. The ring gear
16 is subsequently welded to the casing 22.

In the preferred embodiment, the flange 60
includes a base portion 66 extending out to a rim 68
where the rim 68 is thinner than the base portion 66.
This allows the ring gear 16 to be welded to the
casing 22 to a shallow depth around the perimeter of
the flange 60. As discussed above, the weld is
preferably made by a laser, however, other welding
methods known in the art, such as an electron beam
weld process, could also be used. The preferred
welding method is a method that produces a very
concentrated weld with minimal heat input. The outer
rim 68 should be thin enough to allow that part of the
casing 22 to absorb the shrinkage and distortion
caused by welding, and prevent changes to the gear
geometry.

One advantage that the subject differential
casing 22 offers is that it can be used with either a
standard differential or a limited slip differential.

In the limited slip differential configuration, shown
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in Figure 3, the differential assembly 10 includes an
actuator housing assembly 76. The actuator housing
assembly 76 preferably includes a first housing
portion 78 and a second housing portion 80. The
actuator housing portions 78, 80 have a cylindrical
body with a plurality of tabs 82 extending outwardly
from and spaced circumferentially about an exterior
surface 84. The tabs 82 are received in the
longitudinal slots 28. The differential assembly 10
also includes the spider gear assembly 32, which
transmits torque from the actuator housing assembly 76
to the pair of output shafts 18, 20.

The legs 40 of the spider member 40 are
shorter than the legs 40 for the spider 34 used in a
standard differential assembly in order to accommodate
the actuator housing assembly 76. The legs 40 react
against the actuator housing portions 78, 80 when the
driving force is transmitted from the differential
casing 22 to the spider gear assembly 32 under poor
traction conditions.

The first housing portion 78 has a plurality
of recesses 86 and the second housing portion 80 has a
plurality of corresponding recesses 86. The recesses
86 correspond in number to the number of legs 40. The
recesses 86 are preferably V-shaped notches that
extend into the housing portions 78, 80. The recesses
86 of the first housing portion 78 correspond in
position to the recesses 86 in the second housing
portion 80 such that when the recesses 86 are aligned
they form a square. Each of the legs 40 is received

partly in one of the recesses 86 of the first housing
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portion 78 and partly in one of the recesses 86 of the
second housing portion 80. The limited slip
differential also includes a plurality of friction
discs 90 and 92 located adjacent to one of the first
78 or second 80 housing portions. The friction discs
90 are splined to one of the side gears 44 and have a
plurality of tabs 92 that are received in the
longitudinal slots 28. The friction discs 90 are
splined to one of the side gears 44. The friction
discs having a plurality of tabs 92, while not splined
to one of the side gears 44, have its tabs received in
the longitudinal slots 28. The covers 46, 54 hold the
actuator housing assembly 76, the spider assembly 32,
and the friction discs 90 and 92 in proper position
within the differential casing 22.

If the limited slip differential experiences
resistance to turning, such as in poor traction
conditions, the housing members 78, 80 spread apart,
i.e. move in opposing directions, which applies a face
load to the friction discs 90 and 92. 1In this
instance, because the friction discs 90 and side gear
44 rotate relative to the friction discs having a
plurality of tabs 92 and the casing, the relative
rotation between side gear 44 and the casing is
limited due to increased friction between the friction
discs 90 and 92. Thus, if there is poor traction at
one wheel, the housing portions 78, 80 will spread
apart to apply a face load to the discs 90 and 92,
which causes more traction to develop at the opposite

wheel.
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The subject differential casing 22 offers
several advantages over prior art differentials. The
bolted joint is eliminated by using a single piece
casing to replace the typical two-piece casing, which
additionally eliminates the fasteners. The casing
also can be used with either a standard or limited
slip differential.

In an alternate embodiment, shown in Figure
6, the differential assembly 210 is comprised of a
single piece differential casing 222 has a central
bore 24 and defines a longitudinal axis of rotation
26. The differential casing 222 has a ring gear
portion 216 that is integrally formed on the exterior
surface of the casing 222. The ring gear portion 216
receives input from the pinion gear 14. Thus, the
pinion gear 14 rotates the differential casing 222 via
the ring gear portion 216. The differential assembly
210 includes a spider assembly 32 and operates in the
same manner as the differential assembly 10 discussed
above.

In another alternate embodiment, shown in
Figures 7A and 7B, the differential assembly 310
eliminates the differential casing 22 and instead
provides longitudinal slots 328 in the ring gear 316.
The ring gear 316 includes a central bore 364 from
which the slots 328 extend radially outwardly
therefrom. The slots 328 preferably extend along the
length of the bore 364.

Each of the legs 40 of the spider member 34
have an end portion 74 that is partially received in

one of the slots 328. Preferably a pair of covers
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346, 354 are mounted to either side of the ring gear
316 to hold the spider 34 in place and retain the legs
40 in the slots 328. The covers 346, 354 are
preferably fastened to the ring gear 316 with
fasteners, however, other joining methods known in the
art could also be used. 1In this configuration, the
differential casing is eliminated and the spider 34 is
assembled directly to the ring gear 316. While this
configuration uses fasteners to retain the covers to
the ring gear 316, the gear torque is being
transmitted directly from the gear 316 into the spider
34 so that the bolted joint is no longer carrying the
torgue. The fasteners are only supporting the gear
and can be fewer in number and smaller in diameter and
length. The differential assembly 310 operates in the
same manner as the differential assembly 10 discussed

above.

Industrial Applicability

The present invention relates generally to a
differential assembly with a single piece differential
casing that can accommodate a standard or limited slip
configuration and which eliminates the use of
fasteners for mounting the ring gear to the
differential casing.

The invention has been described in an
illustrative manner, and it is to be understood that
the terminology which has been used is intended to be
in the nature of words of description rather than of

limitation.
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Obviously, many modifications and variations
of the present invention are possible in light of the
above teachings. It is, therefore, to be understood
that within the scope of the appended claims, wherein
reference numerals are merely for convenience and are
not to be in any way limiting, the invention may be

practiced otherwise than as specifically described.
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Claims

1. A differential apparatus (10) for
transmitting a driving force from an input shaft (14)
to a pair of output shafts (18, 20) comprising:

a single piece differential casing (22)
having a central bore (24) and defining a longitudinal
axis (26), said differential casing (22) including a
plurality of longitudinal slots (28) extending along
an inner surface of said differential casing (22);

a ring gear (16) supported by said
differential casing (22) and rotatable about said
longitudinal axis (26) by a pinion gear (12) connected
to said input shaft (14);

a spider assembly (32) including a spider
member (34) and a plurality of spider gears (36), said
spider member (34) having a central body portion (38)
with a plurality of legs (40) extending radially
outwardly therefrom wherein each of said legs (40)
supports one of said spider gears (36), said legs (40)
being received in said longitudinal slots (28) such
that said differential casing (22), said ring gear
(16), and said spider assembly (32) rotate about said
longitudinal axis (26) as the driving force is
transmitted from said input shaft (14) to said output

shafts (18,20).

2. An apparatus as set forth in claim 1
wherein said pair of output shafts (18, 20) are
comprised of a first axle shaft (18) and a second axle

shaft (18, 20), said first (18) and second (20) axle
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shafts being collinear and rotatable about said

longitudinal axis of rotation (26).

3. An apparatus as set forth in claim 2
including a first side gear (42) supported on said
first axle shaft (18) for rotation therewith and a
second side gear (44) supported on said second axle
shaft (20) for rotation therewith such that said first
(42) and second (44) side gears are rotated by the
driving force received from said ring gear (16) and

differential casing (22).

4. An apparatus as set forth in claim 1
including a first cover (46) for retaining said legs
(40) in said longitudinal slots (28) and partially
enclosing one end (48) of said differential casing

(22).

5. An apparatus as set forth in claim 4
including a retaining ring (50) for securing said

first cover (46) to said differential casing (22).

6. An apparatus as set forth in claim 4
including a second cover (54) for partially enclosing
an opposite end (56) of said differential casing (22)
wherein said first (46) and second (54) covers retain
said spider (34) and spider gear assembly (32) within

sald central bore (24).

7. An apparatus as set forth in claim 1

wherein said single piece differential casing (22) is
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substantially enclosed at one end (58) and wherein a
single cover piece (46) is used to retain said legs
(40) within said slots (2é) at an opposite end (56) of

said casing (22).

8. An apparatus as set forth in claim 1
including a cover (46) welded to one end (48) of said
differential casing (22) for retaining said legs (40)

in said longitudinal slots (28).

9. An apparatus as set forth in claim 1
wherein said casing (22) includes a flange (60) at one

end (48) for partially supporting said ring gear (16).

10. An apparatus as set forth in claim 9
wherein said casing (22) includes a support portion
(62) located on an exterior surface of said casing
adjacent to said flange (60) and wherein said ring
gear (16) includes a center aperture (64) that is

pressed on to said support portion (62).

11. An apparatus as set forth in claim 10
wherein said ring gear (16) is welded to said flange

(60) .

12. An apparatus as set forth in claim 9
wherein said flange (60) includes a base potion (66)
extending out to a rim (68), said rim (68) having a
smaller cross sectional area than said base portion

(66) .
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13. An apparatus as set forth in claim 12
wherein said ring gear (16) is welded to said

differential casing (22) about said rim (68).

14. A differential apparatus (16) for
transmitting a driving force from an input to an
output without the use of fasteners comprising:

a single piece differential casing (22)
having a central bore (24) and defining a longitudinal
axis (26), said differential casing (22) including a
plurality of longitudinal slots (28) extending along
an inner surface of said differential casing (24);

a ring gear (16) for receiving rotational
input, said ring gear (16) being fixed to said
differential casing (22) for rotation therewith about
said longitudinal axis (26);

a spider assembly (32) including a spider
member (34) having a plurality of legs (40) and a
spider gear (36) supported on each of said legs (40),
said legs (40) being received in said slots (28); and

at least one cover (46) for retaining said

spider assembly (32) within said central bore (24).

15. An apparatus as set forth in claim 14
including a retaining ring (50) for securing said

cover (46) to said differential casing (22).

16. An apparatus as set forth in claim 15
wherein said ring gear (16) is welded to said

differential casing (22).
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17. An apparatus as set forth in claim 14
wherein said at least one cover is comprised of a
first cover (46) partially enclosing one end (48) of
said differential casing (22) and a second cover (54)
partially enclosing an opposite end (56) of said
differential casing (22), said first (46) and second
(54) covers retaining said legs (40) in said

longitudinal slots (28).

18. A differential apparatus (10) for
transmitting a driving force from an input shaft (14)
to first (18) and second (20) axle shafts comprising:

a single piece differential casing (222)
having a central bore (24) and defining a longitudinal
axis of rotation (26), said differential casing (222)
having a ring gear portion (216) unitarily formed on
an exterior surface, said ring gear portion (216)
receiving input from a pinion gear (12) mounted to
said input shaft (14);

a first side gear (42) supported on said
first axle shaft (18) for rotation therewith and a
second side gear (44) supported on said second axle
shaft (20) for rotation therewith, said first (42) and
second (44) side gears receiving rotational input as
said differential casing (222) and said ring gear
(216) rotate about said longitudinal axis (26); and

a spider assembly (32) including a spider
member (34) having a plurality of legs (40) and a
spider gear (36) supported on each of said legs (40),

said spider gears (36) rotating when said first (18)
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and second (20) axle shafts rotate at different

speeds.

15. An apparatus as set forth in claim 18
wherein said differential casing (222) includes a
plurality of longitudinal slots (28) extending along
an inner surface of said central bore (24), said legs
(40) of said spider member (34) being received in said

longitudinal slots (28).

20. An apparatus as set forth in claim 19
wherein said longitudinal slots (28) are radially
spaced about said longitudinal axis (26) at an equal

distance from each other.

21. An apparatus as set forth in claim 19
including at least one cover (46) attached to one end
(48) of said differential casing (222) for retaining

said legs (40) in said longitudinal slots (28).

22. A differential apparatus (10) for
transmitting a driving force from an input shaft (14)
to a pair of output shafts (18, 20) comprising:

a single piece differential casing (22)
having a central bore (24) and defining a longitudinal
axis of rotation (26), said differential casing (22)
having a flange portion (60) extending outwardly from
an exterior surface adjacent to one end, said flange
including a base portion (66) extending out to a rim

portion (68);
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a ring gear (16) having a central aperture
(64) received on said exterior surface and positioned
against said flange (60) such that said ring gear (16)
and differential casing (22) rotate together about
said longitudinal axis (26); and

a pair of side gears (42, 44) for
transmitting rotational input from said ring gear

portion (16) to said output shafts (18, 20).

23. A system as set forth in claim 22
wherein said ring gear (16) is welded to said
differential casing (22) about a periphery of said

flange (60).

24. A system as set forth in claim 23
including a spider assembly (32) having a spider
member (34) with a plurality of legs (40) and a spider
gear (36) supported on each of said legs (40) and
wherein said differential casing (22) includes a
plurality of longitudinal slots (28) extending along
an inner surface of said differential casing (22),
said legs (40) of said spider member (34) being

received in said longitudinal slots (28).

25. An apparatus as set forth in claim 24
including a retaining member (46) for retaining said

legs (40) in said slots (28).

26. A differential apparatus for
transmitting a driving force from an input shaft (10)

to a pair of output shafts (18, 20) comprising:
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a single piece differential casing (22)
having a central bore (24) and defining a longitudinal
axis (26), said differential casing (22) including a
plurality of longitudinal slots (28) extending along
an inner surface of said differential casing (22);

a ring gear (16) supported by said
differential casing (22) and rotatable about said
longitudinal axis (26) by a pinion gear (12) connected
to said input shaft (14);

an actuator member having extensions
received in said longitudinal slots (28), said
actuator for receiving rotational input from said ring
gear (16) and differential housing (22); and

a spider assembly (32) including a spider
member (34) and a plurality of spider gears (36), said
spider member (34) having a central body portion (38)
with a plurality of legs (40) extending radially
outwardly therefrom wherein each of said legs (40)
supports one of said spider gears (36), said legs (40)
being received in said longitudinal slots (28) such
that said differential casing (22), said ring gear
(16), and said spider assembly (32) rotate about said
longitudinal axis (26) as the driving force is
transmitted from said input shaft (14) to said output

shafts (18, 20).

27. An apparatus as set forth in claim 26
wherein said actuator member is a spider (34) having a
central body portion (38) with a plurality of legs
(40) extending radially outwardly therefrom, each of

said legs (40) supporting one of said spider gear
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members (36), and wherein said extensions are
said legs (40) which are received in said

longitudinal slots (28).

28. An apparatus as set forth in claim 26
wherein said actuator member is an actuator housing
assembly (76) having é cylindrical body with a
plurality of tabs (82) extending outwardly from and
spaced circumferentially about an exterior surface
(84) and wherein said extensions are said tabs (82)

which are received in said longitudinal slots (28).

29. An apparatus as set forth in claim 28
including a spider (34) having a central body portion
(38) with a plurality of legs (40) extending radially
outwardly therefrom, said legs (40) reacting against
said actuator housing (76) when said driving force is
transmitted from said differential casing (22) to said

spider gear assembly (32).

30. An apparatus as set forth in claim 29
wherein said actuator housing assembly (76) is
comprised of a first housing portion (78) having a
plurality of first recesses (86) and a second housing
portion (80) ‘having a plurality of second recesses
(86), said first recesses (86) corresponding in
position to said second recesses (86) such that each
of said legs (40) is received partly in one of said
first recesses (86) and partly in one of said second

recesses (86).
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31. An apparatus as set forth in claim 30
wherein said first (78) and second (80) housing
portions move in opposing directions under limited

slip conditions.

32. An apparatus as set forth in claim 31
including a side gear (42, 44) fixed for rotation with
each of the output shafts (18, 20), said side gears
(42, 44) receiving input from said spider gear

assembly (32).

33. An apparatus as set forth in claim 32
including a plurality of friction discs (90) located
adjacent to one of said first (78) or second (80)
housing portions, said first set of friction discs
(90) being splined to one of said side gears (42, 44)
and second set of friction discs having a plurality of

tabs (92) received in said longitudinal slots (28).

34. A differential apparatus (310) for
transmitting a driving force from said input shaft
(14) to a pair of output shafts (18, 20) comprising:

a drive gear (12) for receiving rotational
input from an input shaft (14);

a driven gear (316) defining an axis of
rotation (26) and driven by said drive gear (12), said
driven gear (316) having a centrally located bore
(364) with a plurality of slots (328) radially spaced
about said axis of rotation (26) along the length of

said bore (364);
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a spider (34) having a central body portion
(38) with a plurality of legs (40) extending radially
outwardly therefrom, said legs (40) each having an end
portion (74) that is partially received in one of said
slots (328); and

at least one cover (346) mounted to said
driven gear (316) for retaining said legs (40) in said

slots (328).

35. An apparatus as set forth in claim 34
wherein said at least one cover is a first cover (346)
mounted to one side of said driven gear (316) and a
second cover (354) mounted to an opposite side of said
driven gear (316), said first (346) and second (354)
covers for retaining said legs (40) in said slots

(28) .
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