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(57) Abstract

A differential (1) has a housing (2) made in
one piece with two side openings (10) via which
parts can be introduced into and removed from the
housing. The pinion gears and side gears rest
against the inside of the housing via respective sup-
port members (17-20). At least for the pinion gears
(13, 14) there is in the support member (17, 18) a
bearing member (22) of the roller bearing type and
a support plate (21), where the bearing member is 7
intended to cooperate with, on the one hand, a first
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bearing surface (25) on the support plate and, on
the other hand, a second bearing surface (26) on

the actual pinion gear. Assembly of the support
member is made possible by means of the fact that

the side (24) of the support plate which is to rest
against the inside (16) of the housing is convex.

* See back of page
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Differential

The invention relates to a differential, particularly for motor vehicles, with a
differential housing made in one piece which has two side openings via
which pinion gears and side gears can be introduced into and removed from
the differential housing, and in which the pinion gears and side gears in the
assembied position bear rotatably against the inside of the differential
housing via respective support members.

Differentials of this type have preferably been used in motor vehicles of the
passenger car type, where differentials with two pinion gears are required.
The fact that the differential housing cannot be divided affords the
advantage that the differential is compact and can be given a lower weight
than a divisible differential with the same force stress, and it is simple to
assemble. The support members which are used have consisted of wear
plates, as a result of which bearings of the slide bearing type have been
obtained. However, this has entailed the disadvantage that the internal
friction in the differential can in some cases be so great that a differential
gear can be prevented from rotating at fully developed friction. Thisisa
problem primarily in powerful-engined cars in which the pinion gears are
subjected to high forces in the axial direction. The result can then be that the
car becomes unwieldy and runs off at an angle on acceleration, with the

accident risk which this involves.

It is previously known per se to use roller bearings in differentials for the
purpose of reducing friction, but in those cases where this has been carried
out, the differential housing has been divisible in order to permit assembly

of the roller bearings.

The aim of the invention is to improve a differential of the type mentioned
in the introduction, in such a way that it acquires reduced friction, while at
the same time retaining a simple and compact construction and a design

which is easy to assemble.

This is achieved according to the invention in a differential of the type
mentioned in the introduction by virtue of the fact that in each of two
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opposite support members there is, on the one hand, a bearing member in
which bearing elements are intended to perform a rolling movement and,
on the other hand, a support plate which is provided with a central shaft
hole and whose one side has a convex shape adapted for application against
the inside of the differential housing, and whose other side has a first
bearing surface for the bearing member, that one end of the side gear or
pinion gear resting against the support member has a second bearing

surfac for the bearing member, and that the support plate forms a guide in
the radial direction for the bearing member.

According to an advantageous embodiment of such a differential, the
support plate has a collar projecting in the axial direction for guiding the
bearing member in the radial direction. This collar can be situated either
radially to the inside or radially to the outside of the bearing member.

The one convex side of the support plate can advantageously be spherical.

A design according to the invention makes it possible to give the differential
improved properties in respect of friction, while at the same time retaining a
differential housing of standard type. A further advantage is that the
components forming part of the differential are easy to manufacture and

assemble.

The invention is described in greater detail below with reference to an
exemplary embodiment shown in the attached drawing, in which:

Fig. 1 shows a side view of a differential housing for a differential according
to the invention, provided with a crown wheel,

Fig. 2 shows a longitudinal section through a differential according to the
invention,

Fig. 3 shows a first type of support member for the differential in Fig. 2, and

Fig. 4 shows a second type of support member for the differential in Fig. 2.
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A differential 1 according to the invention has a differential housing 2 made
in one piece which is provided with a round flange 3 on which a crown wheel
4 is secured with the aid of a number of bolts 5. The crown wheel 4 is
intended to be rotated together with the differential housing 2 in a
conventional manner about the axis of rotation 6 of the differential housing.
Two output shafts 7 and 8 mounted rotatably in the differential housing 2
can in this way be made to rotate, if appropriate at different speeds.

Given that the general construction of the differential is well known, only
those parts of the differential which are essential for an understanding of
the invention will be described herein below.

The differential housing 2 has in its wall 9 two relatively large, opposite side
openings 10, via which components to be accommodated in the differential
housing can be introduced into and removed from the differential housing.
This type of differential housing constitutes a standard type, for example in
the motor industry. In a conventional manner the output shafts 7 and 8 are
connected fixed in terms of rotation to respective side gears 11 and 12 which
are mounted rotatably in the differential housing 2 and which in turn are in
engagement with two pinion gears 13 and 14, which are rotatably arranged
on a differential shaft 15. The pinion gears 13 and 14 rest against the inside
16 of the differential housing via respective support members 17 and 18.
Corresponding support members 19 and 20 are provided on the side gears 11

and 12.

The more detailed design of a support member is illustrated in Fig. 3, which
shows one support member 17. In this support member 17 there is a support
plate 21 and a bearing member 22 cooperating with the latter. The support
plate 21 is provided with a central shaft hole 23, in this case for the
differential shaft 15, and has on its one side a convex surface 24 for
application against the inside 16 of the differential housing. The other side
of the support plate has a first bearing surface 25 for the bearing member
22, which is intended to rest with its opposite side directly against one end of
the pinion gear 13, which for this purpose has asecond bearing surface 26
intended for the bearing member 22 (see Figure 2). The support plate 21
forms a guide in the radial direction for the bearing member 22 and is for
this purpose provided with an axially projecting collar 27. According to Fig. 3,
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this collar 27 can be situated radially to the inside of the bearing member 22,
as is the case for support members 17 and 18, but it can also be situated,
according to Fig. 4, radially to the outside of the bearing member 22, as is
the case for support members 19 and 20. In order to facilitate the relative
turn between the support plate 21 and the bearing member 22, there is
expediently a certain play between the collar 27 and the bearing member 22.

The be ring member 22 is a roller bearing member in which a number of
bearing elements 28 are intended to perform a rolling movement and are
held in a desired relative position with the aid of a bearing element holder
29.In the case shown, each bearing element 28 consists of an elongate
cylindrical body, which has its longitudinal axis oriented radially relative to
the support plate 21. The bearing formed can thus be said to be of the
needle bearing type. The bearing surfaces, for example 25 and 26, with
which the bearing elements are in contact, are in this case oriented at right
angles to the axis of rotation of the differential gears or differential wheels
which are supported by the support members. However, it is of course
possible to choose another design in which the bearing elements 28 have
another shape and in which the bearing surfaces have another design and
orientation.

The convex surface 24 of the support plate 21, which is intended to rest
against the inside 16 of the differential housing, can advantageously have a
spherical shape like the corresponding section of the inside 16, but it is also
possible, for example, for the convex surface 24 to be made up of two or
more adjacent cone surface sections. However, it is important that the shape
should be such that assembly of at least the pinion gears 13 and 14 can be
carried out via the side openings 10 in the differential housing. These pinion
gears 13, 14 with associated support members must, on assembly via each
side opening 10, be brought into simultaneous engagement with the side
gears 11 and 12 mounted in the differential housing, after which the pinion
gears 13, 14 and side gears 11, 12 are rotated as a unit in the circumferential
direction of the differential housing while the support members arranged on
the rear side of the pinion gears 13, 14 slide against the inside of the
differential housing. The inside of the differential housing must therefore
have a shape which is rotationally symmetrical relative to the axis of rotation
6 in order to make it possible for the pinion gears, during simultaneous
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engagement with the side gears, to be rotated to the correct position in the
differential housing.

The support plates 21 can be produced by machining of solid material pieces,
but they can also be formed in another way, for example by powder forging.

The necessary bearing surface to the rear of the side gears and pinion gears
can be ‘roduced, for example, by modifying side gears and pinion gears
previously used normally but having a convex end face, so that a bearing
surface of the desired shape is obtained. Inexpensive standard parts can be
used in this way. However, it is also possible to use instead specially
manufactured parts.

The differential shown is provided with only two pinion gears, but where
required the number of pinion gears can be doubled, for example according
to the embodiment described in Swedish patent application No.8801608-4,
in which support members of the type described above can expediently be
used, at least for the pinion gears which, with the associated support
members, must be rotated into position in the differential housing while
sliding against the inside of the housing.

In those cases where the pinion gears 13 and 14 are so small that surface
machining of the rear side of the pinion gears results in these becoming too
weak in terms of stability, a modified solution must be chosen. In this
alternative solution, the contact surface of the pinion gear in the housing is
also machined to a plane surface, and the machining of the rear side of the
pinion gear is reduced to a corresponding extent, which results in a stronger
pinion gear. In such a differential housing with machined contact surfaces
for the rear sides of the pinion gears 13 and 14, the pinion gears are
mounted with a plane support plate and bearing member, while the side
gears are mounted with the support plates and bearing members according
to the invention. Upon assembly, the pinion gears 13, 14 are first introduced
into the differential housing via the respective side opening 10, after which
the side gears 11 and 12 are brought into simultaneous engagement with
the pinion gears 13 and 14 mounted in the differential housing, after which
the side gears 11, 12 and the pinion gears 13, 14 are rotated as a unitin the
differential housing about an axis parallel to the differential shaft 15 while
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the support members arranged on the rear side of the side gears 11, 12 slide
against the inside of the differential housing. The inside of the differential
housing must therefore have a shape which is rotationally symmetrical
relative to the differential shaft 15 in order to make it possible for the side
gears, during simultaneous engagement with the pinion gears, to be rotated
to the correct position in the differential housing.

The inv: 1tion is therefore not limited to comprising only a bearing according
to the invention of both pinion gears 13, 14 and side gears 11 and 12.
Combinations in which only the side gears 11, 12 or only the pinion gears 13,
14 or only one pinion gear pair in a four-pinion differential use the bearing
according to the invention are also embraced by the bearing according to
the invention in accordance with Patent Claim 1.



WO 91/04425 ' PCT/SE90/00581

10

15

20

25

30

35

Patent Claims

1. Differential, particularly for motor vehicles, with a differential housing (2)
made in one piece which has two side openings (10) via which pinion gears
(13, 14) and side gears (11, 12) can be introduced into and removed from the
differential housing, and in which the pinion gears and side gears in the
assembled position rest rotatably against the inside (16) of the differential
housinr “ria respective support members (17-20),

characterised in

that in each of two opposite support members (17, 18; 19,20) there is, on the
one hand, a bearing member (22) in which bearing elements (28) are
intended to perform a rolling movement and, on the other hand, a support
plate (21) which is provided with a central shaft hole (23) and whose one side
(24) has a convex shape adapted for application against the inside (16) of the
differential housing, and whose other side has a first bearing surface (25) for
the bearing member (22), in that one end of the side gear or pinion gear
resting against the support member has a second bearing surface (26) for the
bearing member, and in that the support plate (21) forms a guide in the
radial direction for the bearing member (22).

2. Differential accordingto Claim 1,characterised inthatthesupport
plate (21) has a collar (27) projecting in the axial direction for guiding the
bearing member (22) in the radial direction.

3. Differential accordingto Claim2,characterised inthatthe collar
(27) is situated radially to the inside of the bearing member (22).

4. Differential accordingto Claim2,characterised inthatthecollar
(27) is situated radially to the outside of the bearing member (22).

5. Differential according to any one of Claims 1-4,characterised in
that the one convex side (24) of the support plate (21) is spherical.

6. Differential according to any one of Claims 1-4,characterised in
that the one convex side (24) of the support plate (21) consists of adjacent

cone surface sections.
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7. Differential according to any one of Claims 1-6, characterised in
that the support plate (21) is formed by powder forging.
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