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Description

BACKGROUND OF THE INVENTION

1. Field of the invention

[0001] The invention relates to a differential device,
and more particularly, to a differential device that effec-
tively allows suppressing damage to a welded portion
between a differential case and a ring gear.

2. Description of the Related Art

[0002] A differential device has ordinarily a differential
case that houses a gear group, and a ring gear that is
disposed fitted to the Differential case. The differential
case and the ring gear are supported rotatably about a
drive shaft. Integral welding of the differential case and
the ring gear is a recent trend. Japanese Patent Appli-
cation Publication No. 2007-192326 (JP 2007 192326 A)
discloses a conventional differential device that relies on
such a configuration.
[0003] Another recent trend is the use of ring gears
that have a helical gear. In such a configuration, a thrust
load (helical gear-specific thrust load), derived from the
helical angle of the helical gear, acts on the ring gear.
Thrust load may damage the welded portion of the dif-
ferential case and the ring gear (for instance, weld de-
tachment).
[0004] JP 2003 021166 A discloses a differential de-
vice having a differential case that houses a gear group,
and a ring gear disposed fitted to the differential case.
The differential case and the ring gear are supported ro-
tatably about a drive shaft which is connected to side
gears of the gear group. The ring gear comprises a helical
gear having a ring-like structure, and the ring gear has a
gear portion on an outer periphery of the ring gear. The
gear portion is disposed completely outside the whole
differential case in the radial direction of the drive shaft.
[0005] Further differential devices are known from JP
2005 081351 A, WO 99/58287 A1, and US 5 557 986 A,
respectively.

SUMMARY OF THE INVENTION

[0006] In the light of the above, therefore, it is an object
of the invention to provide a differential device that allows
effectively suppressing damage of a welded portion be-
tween a differential case and a ring gear.
[0007] The object of the invention is achieved with a
differential device having the features of claim 1. Further
advantageous developments of the invention are sub-
ject-matter of the dependent claims. Specifically, the ob-
ject is achieved with a differential device, comprising a
differential case that houses a gear group, and a ring
gear disposed fitted to the differential case. The differ-
ential case and the ring gear are supported rotatably
about a drive shaft which is connected to side gears of

the gear group. The ring gear comprises a helical gear
having a ring-like structure, the ring gear abuts the dif-
ferential case in an axial direction of the drive shaft, and
the ring gear and the differential case are welded at an
abutting portion between the ring gear and the differential
case from outside in a radial direction of the ring gear.
The ring gear has a gear portion on an outer periphery
of the ring gear and a fitting portion fitted to the differential
case on an inner periphery of the ring gear. The gear
portion is disposed completely outside the whole differ-
ential case in the radial direction of the drive shaft.
[0008] In the differential device according to the inven-
tion, the ring gear abuts the differential case in the axial
direction of the drive shaft, and the ring gear and the
differential case are welded at an abutting portion of the
ring gear and the differential case in the axial direction
of the drive shaft. In such a configuration, thrust bending
stress is less likely to occur at the position of the welded
portion when a thrust load acts on the ring gear, in the
direction towards the abutting portion with the differential
case, in the axial direction of the drive shaft. The strength
of the welded portion is secured as a result, and damage
to the welded portion (for instance, weld detachment) is
suppressed, which is advantageous.
[0009] Preferably, an end side of the fitting portion at
the abutting portion projects in the axial direction of the
drive shaft with respect to the gear portion.
[0010] Preferably, the ring gear is press-fitted to the
differential case at the inner periphery of the abutting
portion.
[0011] In the differential device according to the inven-
tion the ring gear is a helical gear, the ring gear abuts
the differential case in the axial direction of the drive shaft,
and the ring gear and the differential case are welded at
an abutting portion of the ring gear and the differential
case, in the axial direction of the drive shaft. In such a
configuration, thrust bending stress is less likely to occur
at the welded portion when a thrust load acts on the ring
gear in the direction towards the abutting portion with the
Differential case, in the axial direction of the drive shaft.
The strength of the welded portion is secured as a result,
and damage to the welded portion (for instance, weld
detachment) is suppressed, which is advantageous.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] The features, advantages, and technical and in-
dustrial significance of this invention will be described in
the following detailed description of example embodi-
ment of the invention with reference to the accompanying
drawings, in which like numerals denote like elements,
and wherein:

FIG. 1 is a schematic diagram illustrating a differen-
tial device according to an embodiment of the inven-
tion;

FIG. 2 is an enlarged diagram illustrating a welded
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portion in the differential device depicted in FIG. 1;

FIG 3 is an explanatory diagram illustrating the op-
eration of the differential device illustrated in FIG. 1;

FIG. 4 is an explanatory diagram illustrating the op-
eration of the differential device illustrated in FIG. 1;

FIG. 5 is an explanatory diagram illustrating an abut-
ting portion and a welded portion in the differential
device depicted in FIG. 1;

FIG. 6 is an explanatory diagram illustrating the dif-
ferential device illustrated in FIG. 1 during flaw in-
spection, therefore not showing the characterizing
feature of claim 1;

FIG. 7 is an explanatory diagram illustrating a mod-
ification of the differential device illustrated in FIG. 1;

FIG. 8 is an explanatory diagram illustrating a mod-
ification of the differential device illustrated in FIG. 1;

FIG. 9 is a schematic diagram illustrating a differen-
tial device according to an illustrative example which
does not fall under the subject-matter of the claimed
invention, but which is useful for understanding the
invention;

FIG 10 is an explanatory diagram illustrating the op-
eration of the differential device illustrated in FIG. 9;

FIG 11 is an explanatory diagram illustrating the op-
eration of the differential device illustrated in FIG. 9;
and

FIG. 12 is an explanatory diagram illustrating a mod-
ification of the differential device illustrated in FIG. 9.

DETAILED DESCRIPTION OF EMBODIMENT

[0013] An embodiment of the invention is explained
next in detail with reference to accompanying drawings.
The invention, however, is not limited by the embodiment.
The constituent elements include constituent elements
that can be substituted, in obvious ways, while preserving
the identity of the invention. Moreover, the various mod-
ifications set forth in the embodiment can be appropri-
ately combined in ways that would be evident to a person
skilled in the art.
[0014] An embodiment of the invention will be ex-
plained first. FIG 1 is a schematic diagram illustrating a
differential device according to the embodiment of the
invention. FIG 2 is an enlarged diagram illustrating a
welded portion in the differential device depicted in FIG.
1. FIGS. 3 and 4 are explanatory diagrams illustrating
the operation of the differential device illustrated in FIG.
1. FIG. 5 is an explanatory diagram illustrating an abutting

portion and a welded portion in the differential device
depicted in FIG. 1. FIG. 6 is an explanatory diagram il-
lustrating the differential device illustrated in FIG. 1 during
flaw inspection. FIGS. 7 and 8 are explanatory diagrams
illustrating modifications of the differential device illus-
trated in FIG. 1.

Differential device

[0015] A differential device 1, which is used, for in-
stance, in a vehicle such as an automobile, has the func-
tion of transmitting power generated by an engine to a
drive shaft. The differential device 1 is provided with a
differential case 2, a ring gear (differential ring) 3, pinions
4, side gears 5, a pinion shaft 6, and a housing 7 that
holds the foregoing (FIG. 1).
[0016] The differential case 2 is a case that holds a
gear group (pinions 4 and side gears 5). The differential
case 2 is supported at both end portions 22, 23 thereof
in the housing 7, by way of a pair of bearings 81, 82, so
that the differential case 2 can rotate about a drive shaft.
The drive shaft runs through a tubular hole 10, provided
at the inner periphery of both end portions 22, 23 of the
differential case 2. The drive shaft is connected to the
side gears 5. In the embodiment, the bearings 81, 82 are
made up of taper bearings but are not limited thereto,
and may be made up of ball bearings. The ring gear 3 is
assembled with and coupled to the differential case 2,
and rotates together with the differential case 2 about the
drive shaft. The ring gear 3 meshes with an engine-side
drive pinion (not shown). The coupling structure of the
ring gear 3 and the differential case 2 is described further
below. The pinions 4 and the side gears 5 are housed in
the differential case 2 and are disposed meshing with
each other. The pinion shaft 6, which is inserted into a
shaft insertion hole 25 provided in the differential case
2, couples the differential case 2 to the pinions 4. As a
result, the pinions 4 can rotate about the pinion shaft 6
relative to the latter, and the differential case 2 and the
pinions 4 can rotate together about the drive shaft. The
side gears 5 are fitted and fixed to the drive shaft, and
rotate integrally with the latter.
[0017] In the differential device 1, firstly, the power gen-
erated by the engine is transmitted to the ring gear 3, and
the ring gear 3 and the differential case 2 rotate together
about the drive shaft. Thereupon, the pinions 4 rotate
together with the differential case 2. The rotation of the
pinions 4 is transmitted to the drive shaft via the side
gears 5. As a result, the drive shaft rotates on account
of power from the engine that is transmitted to the drive
shaft.
[0018] In the embodiment, the differential case 2 and
the ring gear 3 are coupled by way of the below-described
coupling structure (FIGS. 1 and 2). Firstly, the differential
case 2 has a main body portion 21 that houses a gear
group (pinions 4 and side gears 5), and tubular end por-
tions 22, 23 that extend along the drive shaft from both
ends of the main body portion 21. The ring gear 3 is made
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up of a helical gear having a ring-like structure. The ring
gear 3 has a gear portion 31 on the outer periphery, and
a fitting portion 32 on the inner periphery. The ring gear
3 is assembled onto the differential case 2 through press-
fitting of the fitting portion 32 of the ring gear 3 to one end
portion 22 of the differential case 2. The ring gear 3 is
positioned through abutting of the fitting portion 32 of the
ring gear 3 and the main body portion 21 of the differential
case 2. The gear portion 31 of the ring gear 3 meshes
with the engine-side drive pinion. The bearing 81 is press-
fitted to the end portion 22 of the differential case 2. The
fitting portion 32 of the ring gear 3 is held wedged between
the inner race of the bearing 81 and the main body portion
21 of the differential case 2. The outer race of the bearing
81 is held on the housing 7, whereby the bearing 81 is
fixed.
[0019] The fitting portion 32 of the ring gear 3 and the
main body portion 21 of the differential case 2 are welded
to each other at the abutting portion (FIG. 2). In the em-
bodiment, for instance, the fitting portion 32 of the ring
gear 3 is fitted to the outer periphery of one end portion
22 of the differential case 2, in the axial direction of the
drive shaft. When assembled, the ring gear 3 abuts the
main body portion 21 of the differential case 2, in the axial
direction of the drive shaft. The ring gear 3 and the main
body portion 21 of the differential case 2 are welded to
each other at an abutting portion 33 in the axial direction
of the drive shaft (welded portion W). The ring gear 3 and
the differential case 2 are integrally fixed to each other
as a result. Preferably, the welded portion W is formed
by laser welding, but may be formed by any other welding
method. Welding is carried out in the outer peripheral
direction of the ring gear 3.
[0020] In the differential device 1, a thrust load (helical
gear-specific thrust load), derived from the helical angle
of the helical gear, acts on the ring gear 3 (FIGS. 3 and
4) during engine operation. Herein, damage to the weld-
ed portion W can be suppressed thanks to the above-
described position of the welded portion W between the
ring gear 3 and the differential case 2.
[0021] For instance, (1) when a thrust load Pth acts on
the ring gear 3 in the direction towards the main body
portion 21 of the differential case 2, in the axial direction
of the drive shaft, a reaction force F1 from the bearing
82 on the opposite side acts on the ring gear 3 (FIG. 3).
The main body portion 21 of the differential case 2 sup-
ports here the fitting portion 32 of the ring gear 3 in the
axial direction of the drive shaft, and hence thrust bending
stress is less likely to occur in the abutting portion 33 of
the fitting portion 32 of the ring gear 3 and the main body
portion 21 of the differential case 2. As a result, the weld-
ed portion W is less likely to suffer damage.
[0022] In addition, (2) when a thrust load Pth acts on
the ring gear 3 in the direction towards end portion 22 of
the differential case 2, in the axial direction of the drive
shaft, a reaction force F2 from the bearing 81 on the same
side acts on the ring gear 3 (FIG. 4). The bearing 81
supports herein the fitting portion 32 of the ring gear 3 in

the axial direction of the drive shaft, and hence thrust
bending stress is less likely to occur in the abutting portion
34 between the fitting portion 32 of the ring gear 3 and
the bearing 81. As a result, the welded portion W is less
likely to suffer damage.
[0023] When the ring gear 3 of the differential device
1 has a helical gear, as explained above, the ring gear 3
abuts the differential case 2 in the axial direction of the
drive shaft, and the ring gear 3 and the differential case
2 are welded to each other at the abutting portion 33 of
the ring gear 3 and the differential case 2, in the axial
direction of the drive shaft (FIG. 2). In such a configura-
tion, thrust bending stress is less likely to occur at the
position of the welded portion W when a thrust load Pth
acts on the ring gear 3 in the direction towards the abut-
ting portion 33 with the differential case 2 (direction to-
wards the main body portion 21 of the differential case
2), in the axial direction of the drive shaft, as illustrated
in FIG. 3. As a result, the strength of the welded portion
W is secured, and damage (for instance; weld detach-
ment) of the welded portion W is suppressed, which is
advantageous. This makes it unnecessary to increase
wall thickness (wall thickness of the ring gear and the
differential case) for preserving the strength of the welded
portion W. Therefore, the device can be made lighter,
which is likewise advantageous. In such a configuration,
moreover, the weld penetration depth at the welded por-
tion W can be made shallower, and hence the cost of the
welding equipment can be reduced, which is advanta-
geous.
[0024] In the differential device 1, as described above,
the differential case 2 has a main body portion 21 that
houses the gear group 4, 5, and end portions 22, 23 that
extend from both ends of the main body portion 21 along
the drive shaft (FIGS. 1 and 2). The ring gear 3 is disposed
fitted to the outer periphery of one end portion 22 of the
differential case 2. The ring gear 3 abuts herein the main
body portion 21 of the differential case 2 in the axial di-
rection of the drive shaft. The ring gear 3 and the main
body portion 21 of the differential case 2 are welded to
each other at the abutting portion 33, in the axial direction
of the drive shaft. As a result, the position of the welded
portion W between the ring gear 3 and the differential
case 2 is optimized, and the strength of the welded por-
tion W is secured.
[0025] In the differential device 1, also, the bearing 81
is disposed abutting the ring gear 3 in the axial direction
of the drive shaft, so that the ring gear 3 is wedged be-
tween the bearing 81 and the differential case 2 (FIG. 2).
In such a configuration, thrust bending stress is less likely
to occur at the position of the welded portion W when a
thrust load Pth acts on the ring gear 3, in the direction
towards the abutting portion 34 with the bearing 81 (di-
rection towards the end portion 22 of the differential case
2), in the axial direction of the drive shaft, as illustrated
in FIG. 4. The strength of the welded portion W is secured
as a result, which is advantageous.
[0026] The position in the radial direction of the drive
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shaft is called the radial direction position. Preferably,
the differential device 1 satisfies a relationship Rw < Rx,
wherein Rw is the distance from the shaft center of the
drive shaft up to the radial direction position of the welded
portion W between the ring gear 3 and the differential
case 2, and Rx is the distance from the shaft center of
the drive shaft up to the radial direction position of the
abutting portion 34 of the ring gear 3 and the bearing 81
(FIG. 5). In such a configuration, the radial direction po-
sition Rw of the welded portion W is optimized relative
to the radial direction position Rx of the abutting portion
34 of the ring gear 3 and the bearing 81. Therefore, when
a thrust load Pth acts on the ring gear 3 in a direction
towards the abutting portion with the bearing 81, in the
axial direction of the drive shaft, the thrust load Pth is
supported by the ring gear 3 further outwards in the radial
direction than the radial direction position Rw of the weld-
ed portion W (FIG. 4). Occurrence of thrust bending
stress in the welded portion W is suppressed thereby, so
that the strength of the welded portion W is secured,
which is advantageous.
[0027] In the embodiment, as described above, the fit-
ting portion 32 of the ring gear 3 and the main body portion
21 of the differential case 2 are welded to each other at
the abutting portion 33. The fitting portion 32 of the ring
gear 3 is held wedged between the inner race of the bear-
ing 81 and the main body portion 21 of the differential
case 2, in the axial direction of the drive shaft (FIG. 2).
Herein, the distance Rw from the shaft center of the drive
shaft up to the radial direction position of the welded por-
tion W at the inward end of the welded portion W in the
radial direction is positioned further inward, in the radial
direction of the drive shaft, than the distance Rx from the
shaft center of the drive shaft up to the radial direction
position of the abutting portion 34 of the ring gear 3 and
the bearing 81, at the outward end of the abutting portion
34 in the radial direction. The strength of the welded por-
tion W is secured thereby The relationship between the
distance Rw from the shaft center of the drive shaft to
the radial direction position of the welded portion W and
the distance Rx from the shaft center of the drive shaft
up to the radial direction position of the abutting portion
34 is set in accordance with the thrust bending stress
that acts in the direction in which the welded portion W
is stripped off when under load.

Welded portion testing

[0028] In the differential device 1, preferably, a flat fin-
ishing is applied to the face of the ring gear 3 that is
positioned on the opposite side to the welded portion W
between the ring gear 3 and the differential case 2, from
among both faces (front and rear face) of the ring gear
3 that are positioned in the axial direction of the drive
shaft. That is, the ring gear 3 abuts against and is welded
to the differential case 2 at one of the two faces that are
positioned in the axial direction of the drive shaft, while
the other face is subjected to flattening. The welded por-

tion W between the ring gear 3 and the differential case
2 is tested for faults (for instance, by ultrasonic testing)
using a test probe P, during manufacture of the differen-
tial device 1, or during maintenance later on. An adequate
pressing surface is secured for the test probe P, since
the face of the ring gear 3 that is positioned on the op-
posite side to the welded portion W welded to the differ-
ential case 2, from among the two faces of the ring gear
3, is subjected to flattening. Testing of the welded portion
W is thus carried out appropriately, which is advanta-
geous. When the side face of the differential case 2 has,
for instance, ribs (not shown), the above configuration is
advantageous in that testing of the welded portion W can
be performed easily over the entire circumference of the
ring gear 3, without interference by the ribs.
[0029] In the embodiment, for instance, the ring gear
3 has a ring-like structure in which the fitting portion 32
is formed in the inner periphery of the ring (FIGS. 2 and
6). The fitting portion 32 is positioned by being press-
fitted to the end portion 22 of the differential case 2, and
by abutting the main body portion 21 of the differential
case 2, in the axial direction of the drive shaft. The fitting
portion 32 is welded to the main body portion 21 of the
differential case 2, as a result of which the ring gear 3 is
fixed to the differential case 2. The face of the fitting por-
tion 32 that is positioned on the side opposite the welded
portion W with the differential case 2, from among both
faces of the fitting portion 32 (both faces positioned in
the axial direction of the drive shaft), is subjected to a flat
finishing. The flat finishing is carried out by mechanical
working of the cast ring gear 3. The ring gear 3 and the
differential case 2 are welded together around an entire
circumference of the ring gear 3. The entire circumfer-
ence of the fitting portion 32 is flattened in accordance
with the welded area. The inner race of the bearing 81
abuts the face of the fitting portion 32 that has been flat-
tened, in the axial direction of the drive shaft. The bearing
81 is disposed herein so that the ring gear 3 is wedged
between the differential case 2 and the bearing 81 (FIG
2). Thus, flattening of the fitting portion 32 has the effect
of securing an appropriate abutting face with the inner
race of the bearing 81.
[0030] An explanation follows next on a modification
of the embodiment relating to the positional relationship
between the welded portion and a pin insertion hole. As
described above, the pinion shaft 6 is disposed in the
differential case 2 of the differential device 1, as illustrated
in FIGS. 7 and 8. As described above, the pinion shaft
6, which is inserted into the shaft insertion hole 25 pro-
vided in the differential case 2, couples the differential
case 2 to the pinions 4. The pinions 4 and the differential
case 2 rotate together as a result. The pinion shaft 6 is
fixed to the differential case 2 by way of a fixing pin 9.
The fixing pin 9 is inserted into the pinion shaft 6 through
a pin insertion hole 26 provided in the differential case
2. The pinion shaft 6 is prevented thereby from coming
off the shaft insertion hole 25.
[0031] In this differential device 1, the ring gear 3 is
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disposed so as to obstruct the inlet portion of the pin
insertion hole 26 (FIGS. 7 and 8). The fixing pin 9 is pre-
vented thereby from coming off the pin insertion hole 26,
and thus the reliability of the device is enhanced, which
is advantageous. As a further advantage, the fixing pin
requires no crimping or the like.
[0032] In the embodiment, for instance, the pin inser-
tion hole 26 is opened in the main body portion 21 of the
differential case 2. The pin insertion hole 26 is opened
on the side of the ring gear 3, in the axial direction of the
drive shaft (FIGS. 7 and 8) The far end of the pin insertion
hole 26 is blocked. When the ring gear 3 is in an assem-
bled state, the fitting portion 32 of the ring gear 3 abuts
against, and is welded to, the main body portion 21 of
the Differential case 2, so that the fitting portion 32 of the
ring gear 3 blocks the pin insertion hole 26 at the position
of the welded portion W. That is, the welded portion W
and the inlet portion of the pin insertion hole 26 are dis-
posed at substantially the same position. Such a config-
uration is advantageous in that it allows gases generated
during welding to escape into the pin insertion hole 26.
The likelihood of failure of the welded portion W is re-
duced as a result.
[0033] An illustrative example which which does not
fall under the subject-matter of the claimed invention, but
which is useful for understanding the invention is ex-
plained next. FIG. 9 is a schematic diagram illustrating a
differential device according to the illustrative example.
FIGS. 10 and 11 are explanatory diagrams illustrating
the operation of the differential device illustrated in FIG.
9. FIG. 12 is an explanatory diagram illustrating a mod-
ification of the differential device illustrated in FIG. 9. In
the figure, constituent elements identical to those of the
embodiment are denoted with the same reference nu-
merals, and a recurrent explanation thereof will be omit-
ted.
[0034] The differential device 1 of the illustrative ex-
ample has the following differences vis-à-vis the differ-
ential device 1 of the embodiment (FIG. 9). Firstly, the
differential case 2 has a flange portion 24. The flange
portion 24 extends ring-like around the outer periphery
of the main body portion 21, about the drive shaft. The
outer peripheral edge of the flange portion 24 has a
stepped shape (inlay shape). The ring gear 3 is assem-
bled into the differential case 2 through press fitting of
the fitting portion 32 of the ring gear 3 against the outer
periphery of the flange portion 24 of the differential case
2. The ring gear 3 and the flange portion 24 are welded
together at a fitting face 35 of the ring gear 3 and the
flange portion 24. The ring gear 3 is positioned through
abutting of the fitting portion 32 of the ring gear 3 against
the flange portion 24 of the differential case 2. The bear-
ing 81 is press-fitted against the inner periphery of the
gear portion 31 of the ring gear 3. The ring gear 3 is held
wedged between the outer race of the bearing 81 and
the flange portion 24 of the differential case 2. The inner
race of the bearing 81 is held on the housing 7, whereby
the bearing 81 is fixed. As a result, the ring gear 3 and

the differential case 2 are supported on two sides within
the housing 7, by way of the pair of bearings 81, 82, so
that the ring gear 3 and the differential case 2 are dis-
posed rotatably about the drive shaft.
[0035] During engine operation, a thrust load (helical
gear-specific thrust load), derived from the helical angle
of the helical gear, acts on the ring gear 3 of the differential
device 1 (FIGS. 10 and 11). Herein, the ring gear 3 abuts
the flange portion 24 of the differential case 2, in the axial
direction of the drive shaft, and the ring gear 3 and the
flange portion 24 are welded to each other at the fitting
face 35 between the ring gear 3 and the flange portion
24. Damage to the welded portion W is suppressed there-
by.
[0036] For instance, (1) when a thrust load Pth acts on
the ring gear 3 in the direction towards the main body
portion 21 of the differential case 2, in the axial direction
of the drive shaft, a reaction force F3 from the flange
portion 24 of the differential case 2 acts on the ring gear
3 (FIG. 10). Herein, the flange portion 24 of the differential
case 2 supports the fitting portion 32 of the ring gear 3
in the axial direction of the drive shaft, and hence thrust
bending stress is less likely to occur at that position. As
a result, the welded portion W is less likely to suffer dam-
age.
[0037] In addition, (2) when a thrust load Pth acts on
the ring gear 3 in the direction towards the end portion
22 of the differential case 2, in the axial direction of the
drive shaft, a reaction force F4 from the bearing 81 on
the same side acts on the ring gear 3 (FIG. 11). Herein,
the bearing 81 supports the fitting portion 32 of the ring
gear 3 in the axial direction of the drive shaft, and hence
thrust bending stress is less likely to occur at that position.
As a result, the welded portion W is less likely to suffer
damage.
[0038] In the differential device 1 of the illustrative ex-
ample, as explained above, the ring gear 3 abuts the
differential case 2 in the axial direction of the drive shaft.
The ring gear 3 and the differential case 2 are welded
together at the fitting face 35 (FIG. 9). In such a config-
uration, thrust bending stress (or shear stress) is less
likely to occur at the position of the welded portion W
when a thrust load Pth acts on the ring gear 3 in the
direction towards the abutting portion 33 with the differ-
ential case 2 (direction towards the main body portion 21
of the differential case 2), in the axial direction of the drive
shaft, as illustrated in FIG. 10. The strength of the welded
portion W is secured as a result, so that damage to the
welded portion W (for instance, weld detachment) is sup-
pressed, which is advantageous. As a further advantage,
it is no longer necessary to increase wall thickness to
secure the strength of the welded portion W, and hence
the equipment can be made lighter.
[0039] Specifically, the flange portion 24 of the differ-
ential case 2 has a stepped shape with a large diameter
at the far end in the direction in which the ring gear 3 is
assembled (direction from left to right in FIG 9), as viewed
from the cross section of the differential case 2 in the
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radial direction. When the ring gear 3 is in an assembled
state, the fitting portion 32 of the ring gear 3 abuts the
large-diameter portion of the flange portion 24 in the axial
direction of the drive shaft. The ring gear 3 and the flange
portion 24 of the differential case 2 are welded together
at the fitting face 35. As a result, the position of the welded
portion W between the ring gear 3 and the differential
case 2 is optimized, and the strength of the welded por-
tion W is secured.
[0040] In the differential device 1, the bearing 81 is
disposed abutting the ring gear 3 in the axial direction of
the drive shaft, so that the ring gear 3 is wedged between
the bearing 81 and the differential case 2 (FIG. 9). In such
a configuration, thrust bending stress is less likely to oc-
cur at the position of the welded portion W when a thrust
load Pth acts on the ring gear 3 in the direction towards
the abutting portion 34 with the bearing 81 (direction to-
wards the end portion 22 of the differential case 2), in the
axial direction of the drive shaft, (FIG. 11). The strength
of the welded portion W is secured thereby, which is ad-
vantageous.
[0041] Preferably, the differential device 1 satisfies a
relationship Rw < Rx, wherein Rw is the distance from
the shaft center of the drive shaft up to the radial direction
position of the welded portion W between the ring gear
3 and the differential case 2, and Rx is the distance from
the shaft center of the drive shaft up to the radial direction
position of the abutting portion 34 of the ring gear 3 and
the bearing 81 (FIG. 12). In such a configuration, the
distance Rw from the shaft center of the drive shaft to
the radial direction position of the welded portion W is
optimized relative to the distance Rx from the shaft center
of the drive shaft up to the radial direction position of the
abutting portion 34 of the ring gear 3 and the bearing 81.
Therefore, when a thrust load. Pth acts on the ring gear
3 in a direction towards the abutting portion 34 with the
bearing 81, in the axial direction of the drive shaft, the
thrust load Pth is supported by the ring gear 3 further
outwards in the radial direction than the distance Rw from
the shaft center of the drive shaft up to the radial direction
position of the welded portion W (FIG. 11). Occurrence
of thrust bending stress in the welded portion W is sup-
pressed thereby, so that the strength of the welded por-
tion W is secured, which is advantageous.
[0042] As described above, in the illustrative example
the fitting portion 32 of the ring gear 3 and the flange
portion 24 of the differential case 2 are welded to each
other at the fitting face 35. The fitting portion 32 of the
ring gear 3 is held wedged, in the axial direction of the
drive shaft, between the inner race of the bearing 81 and
the flange portion 24 of the differential case 2 (FIG. 9).
Herein, the distance Rw from the shaft center of the drive
shaft up to the radial direction position, in the radial di-
rection, at the central portion of the welded portion W is
positioned further inward, in the radial direction of the
drive shaft, than the distance Rx from the shaft center of
the drive shaft up to the radial direction position at the
outward end of the abutting portion 34 of the ring gear 3

and the bearing 81 in the radial direction. The strength
of the welded portion W is secured thereby. The relation-
ship between the distance Rw from the shaft center of
the drive shaft up to the radial direction position of the
welded portion W and the distance Rx from the shaft
center of the drive shaft up to the radial direction position
of the abutting portion 34 is set in accordance with the
thrust bending stress or shear stress that acts in the di-
rection in which the welded portion W is stripped off when
under load.
[0043] Thus, the differential device according to the
invention is useful as it allows effectively suppressing
damage of the welded portion between the differential
case and the ring gear.

Claims

1. A differential device (1), comprising

a differential case (2) that houses a gear group
(4, 5) including pinions (4) and side gears (5),
and
a ring gear (3) disposed fitted to the differential
case (2), wherein
the differential case (2) and the ring gear (3) are
supported rotatably about a drive shaft to which
the side gears (5) are fitted and fixed,
the ring gear (3) comprises a helical gear having
a ring-like structure, the ring gear (3) abuts the
differential case (2) in an axial direction of the
drive shaft,
the ring gear (3) has a gear portion (31) on an
outer periphery of the ring gear (3) and a fitting
portion (32) fitted to the differential case (2) on
an inner periphery of the ring gear (3), and
the gear portion (31) is disposed completely out-
side the whole differential case (2) in the radial
direction of the drive shaft,
the ring gear (3) and the differential case (2) are
welded at an abutting portion (33) between the
ring gear (3) and the differential case (2) from
outside in a radial direction of the ring gear (3),
the differential device (1) being characterized
in that a bearing (81) abuts the ring gear (3) in
the axial direction of the drive shaft.

2. Differential device (1) according to claim 1, wherein,
when a helical gear-specific thrust load being a thrust
load derived from a helical angle of the helical gear
acts on the ring gear (3) and the thrust load acts on
the ring gear (3) in the axial direction of the drive
shaft and in the direction towards the end portion
(22) of the differential case (2), a reaction force from
the bearing (81) on the same side acts on the ring
gear (3).

3. Differential device (1) according to claim 2, wherein
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the bearing (81) is made up of a taper bearing.

4. Differential device (1) according to any one of claims
1 to 4, wherein an end side of the fitting portion (32)
at the abutting portion (33) projects in the axial di-
rection of the drive shaft with respect to the gear
portion (31).

5. Differential device (1) according to any one of claims
1 to 5, wherein the ring gear (3) is press-fitted to the
differential case (2) at the inner periphery of the abut-
ting portion (33).

Patentansprüche

1. Differenzialvorrichtung (1) mit

einem Differenzialgehäuse (2), das eine Zahn-
radgruppe (4, 5), die Ritzel (4) und Seitenräder
(5) umfasst, beherbergt, und
einem Tellerrad (3), das angeordnet ist, um an
das Differenzialgehäuse (2) gepasst zu sein,
wobei
das Differenzialgehäuse (2) und das Tellerrad
(3) drehbar um eine Antriebswelle gestützt sind,
mit der die Seitenräder (5) gepasst sind und an
der die Seitenräder (5) fixiert sind,
das Tellerrad (3) ein Schrägzahnrad aufweist,
das eine ringartige Struktur hat, wobei das Tel-
lerrad (3) an dem Differenzialgehäuse (2) in ei-
ner Axialrichtung der Antriebswelle anliegt,
das Tellerrad (3) einen Zahnradabschnitt (31)
an einem Außenumfang des Tellerrads (3) und
einen Passabschnitt (32), der mit dem Differen-
zialgehäuse (2) gepasst ist, an einem Innenum-
fang des Tellerrads (3) hat, und
der Zahnradabschnitt (31) vollständig außer-
halb des gesamten Differenzialgehäuses (2) in
der Radialrichtung der Antriebswelle angeord-
net ist,
das Tellerrad (3) und das Differenzialgehäuse
(2) an einem anliegenden Abschnitt (33) zwi-
schen dem Tellerrad (3) und dem Differenzial-
gehäuse (2) von einer Außenseite in einer Ra-
dialrichtung des Tellerrads (3) geschweißt sind,
wobei die Differenzialvorrichtung (1) dadurch
gekennzeichnet ist, dass
ein Lager (81) an dem Tellerrad (3) in der Axi-
alrichtung der Antriebswelle anliegt.

2. Differenzialvorrichtung (1) nach Anspruch 1, wobei,
wenn eine schrägzahnradspezifische Drucklast, die
eine Drucklast ist, die von einem Schrägungswinkel
des Schrägzahnrads abgeleitet ist, auf das Tellerrad
(3) wirkt und die Drucklast auf das Tellerrad (3) in
der Axialrichtung der Antriebswelle und in der Rich-
tung zu dem Endabschnitt (22) des Differenzialge-

häuses (2) wirkt, eine Reaktionskraft von dem Lager
(81) an der gleichen Seite auf das Tellerrad (3) wirkt.

3. Differenzialvorrichtung (1) nach Anspruch 2, wobei
das Lager (81) aus einem Kegellager gebildet ist.

4. Differenzialvorrichtung (1) nach einem der Ansprü-
che 1 bis 3, wobei eine Endseite des Passabschnitts
(32) an dem anliegenden Abschnitt (33) in der Axi-
alrichtung der Antriebswelle mit Bezug zu dem Zahn-
radabschnitt (31) vorsteht.

5. Differenzialvorrichtung (1) nach einem der Ansprü-
che 1 bis 4, wobei das Tellerrad (3) mit dem Diffe-
renzialgehäuse (2) an dem Innenumfang des anlie-
genden Abschnitts (33) pressgepasst ist.

Revendications

1. Dispositif différentiel (1) comprenant :

un carter de différentiel (2) qui comporte un
groupe d’engrenages (4, 5) comprenant des pi-
gnons (4) et des planétaires de différentiel (5), et
une couronne (3) montée sur le carter de diffé-
rentiel (2), dans lequel :

le carter de différentiel (2) et la couronne (3)
sont supportés en rotation autour d’un arbre
d’entraînement sur lequel les planétaires de
différentiel (5) sont montés et fixés,
la couronne (3) comprend un engrenage
hélicoïdal ayant une structure de forme an-
nulaire, la couronne (3) vient en butée con-
tre le carter de différentiel (2) dans une di-
rection axiale de l’arbre d’entraînement,
la couronne (3) a une partie d’engrenage
(31) sur une périphérie externe de la cou-
ronne (3) et une partie de montage (32)
montée sur le carter de différentiel (2) sur
une périphérie interne de la couronne (3), et
la partie d’engrenage (31) est disposée
complètement à l’extérieur de tout le carter
de différentiel (2) dans la direction axiale de
l’arbre d’entraînement,
la couronne (3) et le carter de différentiel (2)
sont soudés au niveau d’une partie de butée
(33) entre la couronne (3) et le carter de
différentiel (2) depuis l’extérieur dans une
direction radiale de la couronne (3),
le dispositif de différentiel (1) étant carac-
térisé en ce que :
un palier (81) vient en butée contre la cou-
ronne (3) dans la direction axiale de l’arbre
d’entraînement.

2. Dispositif différentiel (1) selon la revendication 1,
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dans lequel, lorsqu’une charge de poussée spécifi-
que à l’engrenage hélicoïdal qui est une charge de
poussée dérivée d’un angle hélicoïdal de l’engrena-
ge hélicoïdal agit sur la couronne (3) et que la charge
de poussée agit sur la couronne (3) dans la direction
axiale de l’arbre d’entraînement et dans la direction
vers la partie d’extrémité (22) du carter de différentiel
(2), une force de réaction du palier (81) du même
côté agit sur la couronne (3).

3. Dispositif différentiel (1) selon la revendication 2,
dans lequel le palier (81) est réalisé avec un palier
conique.

4. Dispositif différentiel (1) selon l’une quelconque des
revendications 1 à 4, dans lequel un côté d’extrémité
de la partie de montage (32) au niveau de la partie
de butée (33) fait saillie dans la direction axiale de
l’arbre d’entraînement par rapport à la partie d’en-
grenage (31).

5. Dispositif différentiel (1) selon l’une quelconque des
revendications 1 à 5, dans lequel la couronne (3) est
montée à la presse sur le carter de différentiel (2) au
niveau de la périphérie interne de la partie de butée
(33).
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