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57 ABSTRACT

A lubricating structure for a speed reducer includes: a case; a
first reduction gear pair provided inside the case; a second
reduction gear pair provided inside the case; a first catch tank
arranged inside the case; a second catch tank arranged inside
the case; a partition member that includes a partition wall that
partitions an inside of the case into a first accommodation
space in which the first reduction gear pair is accommodated
and a second accommodation space in which the second
reduction gear pair is accommodated; a first oil passage com-
municating with the first accommodation space and config-
ured to guide lubricating oil to the first catch tank; a second oil
passage communicating with the second accommodation
space and configured to guide lubricating oil to the second
catch tank; and a communication port provided in the parti-
tion member and communicating the first oil passage with the
second oil passage.
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LUBRICATING STRUCTURE FOR SPEED
REDUCER

INCORPORATION BY REFERENCE

[0001] The disclosure of Japanese Patent Application No.
2014-221107 filed on Oct. 30, 2014 including the specifica-
tion, drawings and abstract is incorporated herein by refer-
ence in its entirety.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The invention relates to a lubricating structure for a
speed reducer and, more particularly, to a lubricating struc-
ture for a speed reducer, which includes, inside a case, a first
reduction gear pair that rotates interlocking with an output
shaft of a drive source and a second reduction gear pair that is
arranged in a rotation axis direction of the first reduction gear
pair with respect to the first reduction gear pair and that is
lower in rotation speed than the first reduction gear pair, and
which is able to reduce a stirring loss in a high speed range of
the drive source by increasing lubricating oil to be stored in
catch tanks as a result of providing two catch tanks such that
lubricating oil that is stored at a bottom inside the case is
guided to the first catch tank by scooping up the lubricating oil
with the use of the first reduction gear pair and the lubricating
oil is also guided to the second catch tank by scooping up the
lubricating oil with the use of the second reduction gear pair.
[0004] 2. Description of Related Art

[0005] There is known a structure that lubricating oil that is
stored at a bottom inside a case is divided by a partition wall
provided inthe case and the divided parts of lubricating oil are
respectively guided to a first catch tank and a second catch
tank (see, for example, Japanese Patent Application Publica-
tion No. 2010-223376 (JP 2010-223376 A)).

SUMMARY OF THE INVENTION

[0006] However, because a first oil passage that guides
lubricating oil to the first catch tank and a second oil passage
that guides lubricating oil to the second catch tank are sepa-
rated from each other by the partition wall provided in the
case as described above, when any one of the first catch tank
and the second catch tank becomes full of lubricating oil in
capacity and has no room to contain lubricating oil, scooped-
up lubricating oil flows back and returns to the bottom in the
case. Thus, the efficiency of scooping up lubricating oil may
decrease.

[0007] The invention provides a lubricating structure for a
speed reducer, which is able to, even when any one of two
catch tanks to which scooped-up lubricating oil is guided and
stored becomes full of lubricating oil and has no room to
contain lubricating oil, guide excess lubricating oil to the
other one of the catch tanks, which still has room to store
lubricating oil.

[0008] An aspect of the invention provides a lubricating
structure for a speed reducer. The lubricating structure
includes: a case; a first reduction gear pair provided inside the
case, the first reduction gear pair being configured to rotate
interlocking with an output shaft of a drive source, the first
reduction gear pair including a first drive gear and a first
driven gear that is in mesh with the first drive gear; a second
reduction gear pair provided inside the case and arranged so
as to be displaced in a rotation axis direction of the first
reduction gear pair with respect to the first reduction gear pair,
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the second reduction gear pair including a second drive gear
and a second driven gear that is in mesh with the second drive
gear and that is lower in rotation speed than the first driven
gear; afirst catch tank arranged inside the case; a second catch
tank arranged inside the case; a partition member that is a
component of the case, the partition member including a
partition wall that partitions an inside of the case into a first
accommodation space in which the first reduction gear pair is
accommodated and a second accommodation space in which
the second reduction gear pair is accommodated; a first oil
passage communicating with the first accommodation space,
the first oil passage being configured to guide lubricating oil,
stored at a bottom in the case and scooped up by the first
driven gear, to the first catch tank; a second oil passage com-
municating with the second accommodation space, the sec-
ond oil passage being configured to guide lubricating oil,
stored at the bottom in the case and scooped up by the second
driven gear, to the second catch tank; and a communication
port provided in the partition member and communicating the
first oil passage with the second oil passage.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] Features, advantages, and technical and industrial
significance of exemplary embodiments of the invention will
be described below with reference to the accompanying
drawings, in which like numerals denote like elements, and
wherein:

[0010] FIG. 1 is a skeletal view that illustrates the sche-
matic configuration of a rear transaxle of a vehicle to which
the invention is applied;

[0011] FIG. 2 is a front view that shows an opening side of
a first split case portion of a transaxle case according to an
embodiment of the invention;

[0012] FIG. 3 is a front view that shows an opening side of
a second split case portion of the transaxle case according to
the embodiment of the invention;

[0013] FIG. 4 is a front view that shows a side of a partition
member, facing the second split case portion, in the transaxle
case according to the embodiment of the invention;

[0014] FIG. 5 is a front view that shows the opening side of
the second split case portion alone according to the embodi-
ment of the invention; and

[0015] FIG. 6 is a longitudinal sectional view of the rear
transaxle of the vehicle to which the invention is applied with
part cut away.

DETAILED DESCRIPTION OF EMBODIMENTS

[0016] Anembodiment ofthe invention will be described in
detail with reference to the accompanying drawings. In the
following embodiment, the drawings are modified or simpli-
fied where appropriate, and the scale ratio, shape, and the like,
of each portion are not always drawn accurately. Like refer-
ence numerals denote the same or corresponding members in
the drawings referenced below.

[0017] FIG.1is askeletal view that shows the configuration
ofarear transaxle 10 in an electric four-wheel-drive vehicle to
which the invention is applied. The rear transaxle 10 is a
dual-axis electric drive system for a vehicle. The rear tran-
saxle 10 includes an electric motor 11 as a drive source, a first
reduction gear pair 14, a second reduction gear pair 16 and a
differential gear unit 19 inside a transaxle case 20 (which is an
example ofacase). The first reduction gear pair 14 is provided
between an output shaft 12 of the electric motor 11 and a
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counter shaft 13 parallel to the output shaft 12. The second
reduction gear pair 16 is provided between the counter shaft
13 and a differential case 15 parallel to the counter shaft 13
and concentric with the electric motor 11. The differential
gear unit 19 includes the differential mechanism 17 provided
inside the differential case 15. The differential gear unit 19
drives a pair of rear axles 18 to rotate by the use of torque
transmitted from the electric motor 11 via the first reduction
gear pair 14 and the second reduction gear pair 16.

[0018] A rotor 11a of the electric motor 11 is coupled to the
center portion of the output shaft 12. A pair of bearings 21 are
fitted to both ends of the output shaft 12. Thus, the output shaft
12 is rotatably supported by the transaxle case 20 via the pair
of bearings 21.

[0019] The first reduction gear pair 14 consists of a small-
diameter counter drive gear 22 (which is an example of a first
drive gear) and a large-diameter counter driven gear 23
(which is an example of a first driven gear). The counter drive
gear 22 is integrally fixed to the distal end side of one end of
the output shaft 12. The counter driven gear 23 is integrally
fixed to one end side of the counter shaft 13 in a state where
the counter driven gear 23 is in mesh with the counter drive
gear 22. The output shaft 12 and the counter shaft 13 parallel
to the output shaft 12 correspond to the rotary shafts of the
first reduction gear pair 14. Therefore, the rotation axis direc-
tion of the first reduction gear pair 14 means the axial direc-
tion of the output shaft 12 or counter shaft 13, and the hori-
zontal direction in FIG. 1 corresponds to the rotation axis
direction of the first reduction gear pair 14.

[0020] The counter shaft 13 is provided on the vehicle front
side with respect to the concentric output shaft 12 and differ-
ential case 15 and the counter drive gear 22 and a final driven
gear 26 respectively fixed to the output shaft 12 and the
differential case 15. Thus, the counter driven gear 23 is
arranged at the frontmost side inside the transaxle case 20. A
pair of bearings 24 are respectively fitted to both ends of the
counter shaft 13. The counter shaft 13 is rotatably supported
by the transaxle case 20 via these pair of bearings 24.
[0021] As shown in FIG. 1, the second reduction gear pair
16 is arranged so as to be displaced in the rotation axis
direction of the first reduction gear pair 14. The second reduc-
tion gear pair 16 consists of a small-diameter final drive gear
25 (which is an example of a second drive gear) and the
large-diameter final driven gear 26 (which is an example of a
second driven gear). The final drive gear 25 is integrally fixed
to the other end of the counter shaft 13. The final driven gear
26 is arranged so as to be displaced from the counter drive
gear 22 in the axial direction of the output shaft 12. The final
driven gear 26 is fitted to the outer peripheral portion of the
differential case 15 and integrally fixed in a state where the
final driven gear 26 is in mesh with the final drive gear 25.
[0022] A pair of bearings 27 are respectively fitted to the
outer peripheries of both axial ends of the differential case 15.
Therefore, the final driven gear 26 integrally fixed to the
differential case 15 and the differential case 15 is rotatably
supported by the transaxle case 20 via these pair of bearings
27.

[0023] The differential mechanism 17 is of a generally
known so-called bevel gear type. The differential mechanism
17 includes a pair of side gears 28 and a pair of pinion gears
30. The pair of side gears 28 are opposed to each other along
the rotation axis inside the differential case 15. The pair of
pinion gears 30 are rotatably supported by a pinion shaft 29
between these pair of side gears 28, and each are in mesh with
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the pair of side gears 28. The pinion shaft 29 is fixed to the
differential case 15 in a state where the pinion shaft 29 is
perpendicular to the rotation axis of the differential case 15.
[0024] The pair of rear axles 18 are respectively integrally
coupled to the pair of side gears 28. The differential gear unit
19 that includes the differential case 15 and the differential
mechanism 17 drives the pair of rear axles 18 to rotate by the
use of torque transmitted from the electric motor 11 via the
first reduction gear pair 14 and the second reduction gear pair
16 while allowing a rotation speed difference between the
pair of rear axles 18. One of the pair of rear axles 18 is inserted
through the hollow cylindrical output shaft 12 and is coupled
to a vehicle left-side one of a pair of rear wheels 31.

[0025] As shown in FIG. 1, the transaxle case 20 is formed
of four split portions in the axial direction of the rear axles 18.
A partition member 20d that is a component of the transaxle
case 20 is cylindrical in shape, and includes a partition wall
2041 (see FIG. 4) that partitions the inside of the transaxle
case 20 into a first accommodation space 20A and a second
accommodation space 20B. The first reduction gear pair 14 is
accommodated in the first accommodation space 20A. The
second reduction gear pair 16 is accommodated in the second
accommodation space 20B. The transaxle case 20 further
includes a cylindrical first split case portion 20a, a lid-shaped
second split case portion 205 and a lid-shaped third split case
portion 20c. The first split case portion 20a is fixed to one side
(left side in FIG. 1) of the partition member 204, and includes
a first side wall 2041 (see FIG. 2) that defines the first accom-
modation space 20A. The second split case portion 205 is
fixed to the other side (right side in FIG. 1) of the partition
member 204, and includes a second side wall 2051 (see FIG.
1, FIG. 3 and FIG. 5) that defines the second accommodation
space 20B. The third split case portion 20c mainly accommo-
dates the electric motor 11. The first split case portion 20a, the
second split case portion 205, the third split case portion 20¢
and the partition member 20d, which are the components of
the transaxle case 20, are fastened to one another by bolts (not
shown) in an oil-tight manner as shown in FIG. 1. These split
case portions 20a, 205, 20c¢ and partition member 204 are
made of a cast light alloy, for example, by aluminum die-
casting, or the like. One of the above-described pair of bear-
ings 21 and one of the above-described pair of bearings 27 are
supported by the partition member 20d.

[0026] The counter driven gear 23 and the final driven gear
26 are configured to rotate to supply lubricating oil to lubri-
cated portions by scooping up lubricating oil stored at the
bottom in the transaxle case 20. That is, scoop-up lubrication
is employed in the rear transaxle 10 according to the present
embodiment. The scoop-up lubrication is to supply lubricat-
ing oil to the lubricated portions by scooping up lubricating
oil that is stored at the bottom inside the transaxle case 20. The
lubricated portions are, for example, meshing portions of the
first reduction gear pair 14 and second reduction gear pair 16,
gear meshing portions and rotational sliding portions of the
differential mechanism 17, the bearings 21, 24, 27, and the
like.

[0027] Thetransaxle case 20 include a first catch tank 32 for
storing part of scooped-up lubricating oil in order to lower the
oil level position of lubricating oil that is stored at the bottom
inside the transaxle case 20 for the purpose of reducing the
stirring resistance of lubricating oil against the counter driven
gear 23, which increases with an increase in vehicle speed V.
As shown in FIG. 2 and FIG. 3, the first catch tank 32 is
provided over the split case portions 20a, 205, 20¢ and the
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partition member 204 such that lubricating oil is stored at a
position higher than the level H1 of oil at the bottom in the
transaxle case 20. The level H1 of oil is the height of lubri-
cating oil that is stored at the bottom in the transaxle case 20
when the vehicle is stopped.

[0028] In order to reserve the upper side of the transaxle
case 20 as a space for mounting a spare tire or an in-vehicle
storage battery, in the present embodiment, the first catch tank
32 is arranged at the rearmost side of the transaxle case 20 (on
the vehicle rear side with respect to the first reduction gear
pair 14 and the second reduction gear pair 16, including the
counter shaft 13, that is, the lower side in FIG. 1, the left side
in FIG. 2 and FIG. 4, and the right side in FIG. 3 and FIG. 5)
as an example of a position at which the first catch tank 32
avoids overlapping with both the first reduction gear pair 14
and the second reduction gear pair 16 in the vertical direction.
That is, as the position at which the first catch tank 32 is
arranged, the position at which the first catch tank 32 avoids
overlapping with both the first reduction gear pair 14 and the
second reduction gear pair 16 in the vertical direction means
a zone in which the first catch tank 32 at least does not overlap
with a portion over the uppermost position in both the first
reduction gear pair 14 and the second reduction gear pair 16
in the height direction even when the first catch tank 32
overlaps with an area over the first reduction gear pair 14 or
the second reduction gear pair 16. Because most of lubricat-
ing oil that is scooped up by the counter driven gear 23 of the
first reduction gear pair 14 is splashed upward and rearward
as indicated by the arrow A in FIG. 2, the first catch tank 32 is
arranged at a position at which the first catch tank 32 is able to
efficiently contain scooped-up lubricating oil, that is, at the
rearmost side of the transaxle case 20.

[0029] Thus, the lubricating oil scoop-up operation of the
counter driven gear 23 that is higher in rotation speed and
higher in ability to scoop up lubricating oil (that has a larger
scoop-up amount) than the final driven gear 26 of the second
reduction gear pair 16 is smoothly carried out. Lubricating oil
stored in the first catch tank 32 is supplied from a lubricating
oil supply port (not shown) provided in the first catch tank 32
to another lubricated portion, overflows from the first catch
tank 32 as a result of accumulation of lubricating oil at or
above a predetermined amount or is supplied as naturally
drained oil from a drain port (not shown), provided at the
bottom of the first catch tank 32, to lubrication required
portions, such as bearings and oil seals that are not immersed
in lubricating oil as a result of a decrease in the oil level
position at the bottom in the transaxle case 20. Thus, lubri-
cating oil is returned to the bottom inside the transaxle case
20.

[0030] A firstoil passage 33 is provided inside the first split
case portion 20a of the transaxle case 20. The first oil passage
33 guides lubricating oil, which is scooped up by the counter
driven gear 23 of the first reduction gear pair 14, to the first
catch tank 32 as indicated by the arrow A in FIG. 2. On the
other hand, a second oil passage 34 is provided inside the
second split case portion 205 of the transaxle case 20. The
second oil passage 34 guides lubricating oil, which is scooped
up by the final driven gear 26 of the second reduction gear pair
16, to a second catch tank 35 as indicated by the arrow B in
FIG. 3. As shown in FIG. 1, the second oil passage 34 is
arranged so as to be displaced with respect to the first oil
passage 33 in the axial direction of the counter shaft 13 (that
is, rightward in FIG. 1) that is the rotary shaft of the counter
driven gear 23 of the first reduction gear pair 14. The arrange-
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ment position of the second oil passage 34 is also a position
displaced with respect to the first oil passage 33 in the axial
direction of the output shaft 12 (that is, rightward in FIG. 1)
that is the rotary shaft of the counter drive gear 22 of the first
reduction gear pair 14. That is, the second oil passage 34 is
arranged so as to be displaced with respect to the first oil
passage 33 in the rotation axis direction of the first reduction
gear pair 14.

[0031] AsshowninFIG.2,the firstoil passage 33 is formed
on the outer periphery of a first oil passage wall 2042 extend-
ing from the first side wall 20a1 of the first split case portion
20a. The first oil passage 33 is radially defined by the outer
periphery of the first oil passage wall 2042 and an outer
peripheral wall 2043 of the first split case portion 20a. The
first oil passage 33 guides lubricating oil, which is scooped up
by the counter driven gear 23, to the first catch tank 32.
[0032] As shown in FIG. 3, the second oil passage 34 is
formed on the outer periphery of a second oil passage wall
2052 extending from the second side wall 2051 of the second
split case portion 205. The second oil passage 34 is radially
defined by the outer periphery of the second oil passage wall
2052 and an outer peripheral wall 2053 of the second split
case portion 205. The second oil passage 34 guides lubricat-
ing oil, which is scooped up by the final driven gear 26, to the
second catch tank 35. As shown in FIG.

[0033] 3 to FIG. 5, the second catch tank 35 is provided at
a position higher than the level H1 of oil at the bottom in the
transaxle case 20 as in the case of the first catch tank 32 in
order to store scooped-up lubricating oil and lower the oil
level position of lubricating oil that is stored at the bottom
inside the transaxle case 20.

[0034] The second catch tank 35 is radially defined by the
outer periphery of the second oil passage wall 2062, a tank
wall 2042 (see FIG. 4) extending from the partition wall 2041
of'the partition member 204, the outer peripheral wall 20563 of
the second split case portion 206 and an outer peripheral wall
2043 (see FIG. 4) of the partition member 20d. The second
catch tank 35 is defined in the axial direction by the second
side wall 2051 of the second split case portion 206 and the
partition wall 2041 of the partition member 204. The second
catch tank 35 has a drain hole 354 at its bottom. The drain hole
35a drains lubricating oil. Lubricating oil guided to the sec-
ond catch tank 35 naturally drains from the drain hole 35a,
and is returned to the bottom inside the transaxle case 20.
[0035] As shown in FIG. 1, the second catch tank 35 is
provided at a position within the projected area of the accom-
modation space of the counter driven gear 23 in the rotation
axis direction of the counter driven gear 23 on the outer
peripheral side of the final drive gear 25. In this way, the
second catch tank 35 is allowed to be provided in the dead
space of the unit of the speed reducer including the first
reduction gear pair 14 and the second reduction gear pair 16,
s0 it is possible to increase the total capacity of the catch tank
including the first catch tank 32 without increasing the size of
the unit of the speed reducer.

[0036] As shown in FIG. 4, the partition wall 2041 of the
partition member 20d has a window 36 as a communication
port that communicates the first oil passage 33 with the sec-
ond oil passage 34. As shown in FIG. 3, the second split case
portion 205 has a weir 37 on the outer periphery of the second
oil passage wall 2052. The weir 37 is able to guide lubricating
oil, scooped up to the second oil passage 34, to the window
36. The weir 37 is provided by utilizing an ejector pin seat that
is generally provided in order to easily remove the second
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split case portion 205 from a die at the time of casting the
second split case portion 205. The weir 37 is provided at a
downstream side near a position corresponding to the window
36 to the second oil passage 34. As shown in FIG. 3, the weir
37 works to guide part of flow (indicated by the arrow B) of
lubricating oil scooped up to the second oil passage 34 such
that the part of flow of the scooped-up lubricating oil changes
its direction toward the window 36 and merges into the first
oil passage 33 as indicated by the arrow C. As shown in FIG.
4, a guide wall 38 extending from the partition wall 2041 of
the partition member 20d connects the tank wall 2042 with
the outer peripheral wall 2043, and guides lubricating oil,
guided as indicated by the arrow C, to the window 36.

[0037] Viathe window 36 provided in the partition member
204, the second oil passage 34 that guides scooped-up lubri-
cating oil to the second catch tank 35 communicates with the
first oil passage 33 that guides scooped-up lubricating oil to
the first catch tank 32. Thus, of the two catch tanks 32, 35, that
is, the first catch tank 32 and the second catch tank 35 to each
of'which scooped-up lubricating oil is guided and stored, even
when the second catch tank 35 becomes full of lubricating oil
first and has no room to contain lubricating oil, excess lubri-
cating oil is guided as indicated by the arrow C in FIG. 3 via
the window 36 to the first catch tank 32 that still has room to
store lubricating oil, so it is possible to improve the efficiency
of'scooping up lubricating oil. Even when the first catch tank
32 becomes full of lubricating oil first and has no room to
contain lubricating oil, excess lubricating oil merges from the
first oil passage 33 via the window 36 into the second oil
passage 34, and is guided to the second catch tank 35 that still
has room to store lubricating oil, so it is possible to improve
the efficiency of scooping up lubricating oil.

[0038] As shown in FIG. 5, arib 39 is provided. The rib 39
extends from a position near the back face side of the second
oil passage 34 on the inner face side of the second side wall
2051 of the second split case portion 205, that is, the lower
side of the second oil passage wall 2062, toward an inner
peripheral portion 2054 that is a rotation axis side of the final
driven gear 26, that is, a rotation axis side of the differential
case 15, in the second side wall 2051. A groove 40 is provided
in the second side wall 20561. The groove 40 is provided so as
to face an end edge 394 of the rib 39. Lubricating oil trapped
by the rib 39 is introduced into the groove 40. The groove 40
communicates with lubricating oil supply objects. The lubri-
cating oil supply objects are the bearing 27 that supports the
final driven gear 26 on the second split case portion 205 and
an oil seal 41 that shuts off the inside of the second split case
portion 206 from the outside. The lubricating oil supply
objects are provided on the second side wall 2051 near the
rotation axis of the final driven gear 26. [0030] At least one
auxiliary rib 395, three auxiliary ribs 3956 in the example
shown in FIG. 5, are provided side by side with the rib 39 on
the preceding side with respect to the rib 39 in the rotation
direction of the final driven gear 26. As shown in FIG. 6, the
second side wall 2051 is formed in a tapered shape so as to
have a taper portion 2057 that approaches the rotation axis of
the final driven gear 26 as the taper portion 2057 distances
from the final driven gear 26. Part of the differential case 15 is
provided so as to face the taper portion 2057 of the second
side wall 2051, and a tapered clearance 20568 (see FIG. 6) is
formed between the part of the differential case 15 and the
taper portion 20567.

[0039] As shown in FIG. 5 and FIG. 6, the groove 40
includes a groove 40a and a groove 4056. The groove 40q is
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recessed in the inner periphery of a bearing hole 2055 for the
bearing 27 provided on the second split case portion 205. The
groove 404 is recessed in a step wall 2056 formed between the
bearing 27 and the oil seal 41. The groove 40a recessed in the
inner periphery of the bearing hole 2055 for the bearing 27 is
wider in width than the rib 39. The groove 40 is provided at
substantially the center in the width direction of the rib 39.
The groove 40 guides lubricating oil to the bearing 27 and the
oil seal 41 that are the lubricating oil supply objects. After the
lubricating oil lubricates the bearing 27 and the oil seal 41, the
lubricating oil is returned to the bottom inside the transaxle
case 20. Because the groove 40 is provided at substantially the
center in the width direction of the rib 39, when the final
driven gear 26 rotates in the reverse direction, for example,
when the vehicle moves backward, as well as when the
vehicle moves forward, it is possible to introduce lubricating
oil from the rib 39 to the groove 40.

[0040] Because the rib 39 is provided in the second split
case portion 205, lubricating oil that has a low scoop-up
height and that has not reached the second oil passage 34
within lubricating oil scooped up by the final driven gear 26
passes near the back face side of the second oil passage 34,
that is, the lower side of the second oil passage wall 20562, as
indicated by the arrow D in FIG. 5. This flow of lubricating
oil, indicated by the arrow D, is restricted from revolving by
the rib 39, lubricating oil flows along the rib 39 toward the
axis, and is supplied from the outer peripheral side to the
bearing 27 for lubrication, and also flows into the groove 40a
formed in the inner peripheral portion of the bearing hole
2055. Lubricating oil that has flowed into the groove 40a
passes through the groove 405 formed in the step wall 2056,
and is supplied to the bearing 27 from the back side (right side
in FIG. 6) of the bearing 27 that is the lubricating oil supply
object for lubrication, and is also supplied to the oil seal 41
that is the lubricating oil supply object for lubrication.

[0041] By providing the auxiliary ribs 396 on the preceding
side with respect to the rib 39 in the rotation direction of the
final driven gear 26, it is also possible to trap lubricating oil
that has a low scoop-up height and that has not reached the
second oil passage 34 within lubricating oil scooped up by the
final driven gear 26 with the use of the auxiliary ribs 395.
Lubricating oil scooped up by the final driven gear 26 and
caused to fly off along the axis toward the taper portion 2057
of'the second side wall 2051 flows into the tapered clearance
2058 formed between the taper portion 20567 and the outer
periphery of the differential case 15. Part of lubricating oil
restricted from revolving by the auxiliary ribs 396 flows
toward the axis along the auxiliary ribs 3956 and the wall face
of the taper portion 2057 and is supplied to the bearing 27
from the outer peripheral side for lubrication. Lubricating oil
that has reached the rib 39 over the auxiliary ribs 396 and
lubricating oil that has flowed into between the last auxiliary
rib 395 and the rib 39 are restricted from revolving by the rib
39, flow toward the axis along the rib 39, and are supplied to
the bearing 27, and also flow into the groove 40a formed in the
inner peripheral portion ofthe bearing hole 2055. Lubricating
oil that has flowed into the groove 40a passes through the
groove 405 formed in the step wall 2056 and is supplied to the
bearing 27 from the back side (right side in FIG. 6) of the
bearing 27 that is the lubricating oil supply object for lubri-
cation, and is also supplied to the oil seal 41 that is the
lubricating oil supply object for lubrication. In this way, part
of lubricating oil scooped up by the final driven gear 26 is
directly supplied to the bearing 27 or the oil seal 41, which is
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the lubricating oil supply object, without passing through the
second catch tank 35 or the first catch tank 32, so it is possible
to carry out quick lubrication. Because lubricating oil
scooped up by the final driven gear 26 is supplied to the
bearing 27 or the oil seal 41, which is the lubricating oil
supply target, by the use of the rib 39 and the groove 40, it is
not necessary to form a special oil passage.

[0042] As shown in FIG. 2 and FIG. 3, in a state where the
vehicle is stopped, the counter driven gear 23 of the first
reduction gear pair 14 and the final driven gear 26 of the
second reduction gear pair 16 are arranged at the level at
which at least substantially the lower half of the counter
driven gear 23 of the first reduction gear pair 14 and the lower
half of the final driven gear 26 of the second reduction gear
pair 16 are immersed in lubricating oil that is stored at the
bottom in the transaxle case 20. The level H1 indicated by the
alternate long and two-short dashes line in FIG. 2 and FIG. 3
indicates the height of lubricating oil that is stored at the
bottom in the transaxle case 20 during a stop of the vehicle.
The rotor 11a of the electric motor 11 is also arranged at the
level at which at least substantially the lower half of the rotor
11a of the electric motor 11 is immersed in lubricating oil that
is stored at the bottom in the transaxle case 20 during a stop of
the vehicle.

[0043] The vehicle starts traveling, the scoop-up amount of
lubricating oil that is stored at the bottom in the transaxle case
20 increases with an increase in vehicle speed, and the height
of the lubricating oil gradually begins to decrease from the
level H1. In a state where the vehicle speed is substantially 50
kilometers per hour, the height of lubricating oil that is stored
at the bottom in the transaxle case 20 is the level H2 indicated
by the alternate long and two-short dashes line in FIG. 2 and
FIG. 3, and even the lowermost portion of the counter driven
gear 23 of the first reduction gear pair 14 is almost not
immersed in lubricating oil. On the other hand, the lower end
of'the final driven gear 26 of the second reduction gear pair 16
is kept immersed in lubricating oil.

[0044] Therefore, even when the vehicle speed reaches
substantially 50 kilometers per hour and it becomes difficult
for the counter driven gear 23, which is higher in ability to
scoop up lubricating oil than the final driven gear 26, to scoop
up lubricating oil from the bottom in the transaxle case 20, the
state where lubricating oil is allowed to be scooped up by the
final driven gear 26 is maintained. Structurally, rotation of the
final driven gear 26 is slower than that of the counter driven
gear 23; however, when the vehicle speed is substantially 50
kilometers per hour, rotation of the final driven gear 26 is also
increased, so it is possible to scoop up lubricating oil from the
bottom in the transaxle case 20 with the use of only the final
driven gear 26.

[0045] As described above, the rear transaxle 10 (which is
an example of a lubricating structure for a speed reducer)
according to the present embodiment includes, inside the
transaxle case 20 (which is an example of a case), the first
reduction gear pair 14 that rotates interlocking with the output
shaft 12 of the electric motor 11 (which is an example of a
drive source) and the second reduction gear pair 16 arranged
s0 as to be displaced in the rotation axis direction of the first
reduction gear pair 14 with respect to the first reduction gear
pair 14. The first reduction gear pair 14 includes a first drive
gear and a first driven gear that is in mesh with the first drive
gear. The second reduction gear pair 16 includes a second
drive gear and a second driven gear that is in mesh with the
second drive gear and that is lower in rotation speed than the
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first driven gear. The rear transaxle 10 further includes the
first catch tank 32 arranged inside the transaxle case 20, the
second catch tank 35 arranged inside the transaxle case 20,
the partition member 204 that is a component of the transaxle
case 20 and that includes the partition wall 2041 that parti-
tions the inside of the transaxle case 20 into the first accom-
modation space 20A in which the first reduction gear pair 14
is accommodated and the second accommodation space 20B
in which the second reduction gear pair 16 is accommodated,
the first oil passage 33 that communicates with the first
accommodation space 20A and that guides lubricating oil,
stored at the bottom in the transaxle case 20 and scooped up
by the first driven gear, to the first catch tank 32, the second oil
passage 34 that communicates with the second accommoda-
tion space 20B and that guides lubricating oil, stored at the
bottom in the transaxle case 20 and scooped up by the second
driven gear, to the second catch tank 35, and the window 36
(which is an example of a communication port) that is pro-
vided in the partition member 204 and that communicates the
first oil passage 33 with the second oil passage 34. Thus, the
first oil passage 33 that guides scooped-up lubricating oil to
the first catch tank 32 and the second oil passage 34 that
guides scooped-up lubricating oil to the second catch tank 35
communicate with each other via the window 36 provided in
the partition member 2041. With this configuration, of the two
catch tanks 32, 35, that is, the first catch tank 32 and the
second catch tank 35 to each of which scooped-up lubricating
oil is guided and stored, even when any one of the catch tanks
becomes full of lubricating oil and has no room to contain
lubricating oil, excess lubricating oil is guided to the other
one of the catch tanks, which still has room to store lubricat-
ing oil, so it is possible to improve the efficiency of scooping
up lubricating oil.

[0046] As described above, with the rear transaxle 10
(which is an example of a lubricating structure for a speed
reducer) according to the present embodiment, the transaxle
case 20 includes the partition member 204, the first split case
portion 20q that is fixed to one side of the partition member
204 and that has the first side wall 2041 that defines the first
accommodation space 20A, and the second split case portion
205 that is fixed to the other side of the partition member 204
and that has the second side wall 2051 that defines the second
accommodation space 20B, the first oil passage 33 is radially
defined by the outer periphery of the first oil passage wall
2042 extending from the first side wall 20a1 and the outer
peripheral wall 20a3 of the first split case portion 20a, and the
second oil passage 34 is radially defined by the outer periph-
ery of the second oil passage wall 2052 extending from the
second side wall 2051 and the outer peripheral wall 2063 of
the second split case portion 205. Thus, it is possible to define
the first oil passage 33 and the second oil passage 34 just by
mating and fixing the first split case portion 20a and the
second split case portion 205 to the partition member 204.
[0047] As described above, with the rear transaxle 10
(which is an example of a lubricating structure for a speed
reducer) according to the present embodiment, the second
split case portion 205 includes the weir 37 on the outer periph-
ery of the second oil passage wall 2052, and the weir 37 is able
to guide lubricating oil, scooped up to the second oil passage
34, to the window 36. Thus, it is possible to guide scooped-up
lubricating oil from the second oil passage 34 to the first oil
passage 33.

[0048] As described above, with the rear transaxle 10
(which is an example of a lubricating structure for a speed
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reducer) according to the present embodiment, the weir 37 is
the ejector pin seat of the second split case portion 205. Thus,
the ejector pin seat required at the time of casting the second
split case portion 205 is also used as the weir 37, so it is not
necessary to form the weir 37 exclusively.

[0049] As described above, with the rear transaxle 10
(which is an example of a lubricating structure for a speed
reducer) according to the present embodiment, the second
catch tank 35 is radially defined by the outer periphery of the
second oil passage wall 20562, the outer periphery of the tank
wall 2042 extending from the partition wall 2041, the outer
peripheral wall 2053 of the second split case portion 205 and
the outer peripheral wall 2043 of the partition member 20d.
Thus, it is possible to define the second catch tank 35 just by
mating and fixing the second split case portion 205 to the
partition member 20d.

[0050] As described above, with the rear transaxle 10
(which is an example of a lubricating structure for a speed
reducer) according to the present embodiment, the second
catch tank 35 has the drain hole 354 at its bottom, and the
drain hole 35a drains lubricating oil. Thus, it is possible to
return lubricating oil, stored in the second catch tank 35, to the
bottom in the transaxle case 20.

[0051] As described above, with the rear transaxle 10
(which is an example of a lubricating structure for a speed
reducer) according to the present embodiment, the drive
source is the electric motor 11, the first reduction gear pair 14
is provided between the output shaft 12 and the counter shaft
13 parallel to the output shaft 12, the second reduction gear
pair 16 is provided between the counter shaft 13 and the
differential case 15 parallel to the counter shaft 13 and accom-
modating the differential mechanism 17 that drives the pair of
axles 18 to rotate, the first driven gear is the counter driven
gear 23 that is a larger diameter one of the first reduction gear
pair 14 and that is fixed to the counter shaft 13, the second
driven gear is the final driven gear 26 fixed to the differential
case 15, and the second catch tank 35 is provided at a position
within the projected area of the accommodation space of the
counter driven gear 23 in the rotation axis direction of the
counter driven gear 23 on the outer peripheral side of the
second drive gear. Thus, the invention is applicable to a
vehicle including at least the pair of electrically driven axles
18. In this way, the second catch tank 35 is allowed to be
provided in the dead space of the unit of the speed reducer
including the first reduction gear pair 14 and the second
reduction gear pair 16, so it is possible to increase the total
capacity of the catch tank including the first catch tank 32
without increasing the size of the unit of the speed reducer.
[0052] When there are a plurality of embodiments, unless
otherwise specified, it is clear that characterized portions of
the respective embodiments are allowed to be combined with
each other as needed.

What is claimed is:

1. A lubricating structure for a speed reducer, the lubricat-

ing structure comprising:

a case;

a first reduction gear pair provided inside the case, the first
reduction gear pair being configured to rotate interlock-
ing with an output shaft of a drive source, the first reduc-
tion gear pair including a first drive gear and a first driven
gear that is in mesh with the first drive gear;

a second reduction gear pair provided inside the case and
arranged so as to be displaced in a rotation axis direction
of the first reduction gear pair with respect to the first
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reduction gear pair, the second reduction gear pair
including a second drive gear and a second driven gear
that is in mesh with the second drive gear and that is
lower in rotation speed than the first driven gear;

a first catch tank arranged inside the case;

a second catch tank arranged inside the case;

a partition member that is a component of the case, the
partition member including a partition wall that parti-
tions an inside of the case into a first accommodation
space in which the first reduction gear pair is accommo-
dated and a second accommodation space in which the
second reduction gear pair is accommodated;

a first oil passage communicating with the first accommo-
dation space, the first oil passage being configured to
guide lubricating oil, stored at a bottom in the case and
scooped up by the first driven gear, to the first catch tank;

a second oil passage communicating with the second
accommodation space, the second oil passage being
configured to guide lubricating oil, stored at the bottom
in the case and scooped up by the second driven gear, to
the second catch tank; and

a communication port provided in the partition member
and communicating the first oil passage with the second
oil passage.

2. The lubricating structure according to claim 1, wherein

the case includes the partition member, a first split case
portion fixed to one side of the partition member and
including a first side wall that defines the first accom-
modation space, and a second split case portion fixed to
the other side of the partition member and including a
second side wall that defines the second accommodation
space,

the first oil passage is radially defined by an outer periphery
of a first oil passage wall extending from the first side
wall and an outer peripheral wall of the first split case
portion, and

the second oil passage is radially defined by an outer
periphery of a second oil passage wall extending from
the second side wall and an outer peripheral wall of the
second split case portion.

3. The lubricating structure according to claim 2, wherein

the second split case portion includes a weir on the outer
periphery of the second oil passage wall, and the weir is
able to guide the lubricating oil, scooped up to the sec-
ond oil passage, to the communication port.

4. The lubricating structure according to claim 3, wherein

the weir is an ejector pin seat of the second split case
portion.

5. The lubricating structure according to claim 2, wherein

the second catch tank is radially defined by the outer
periphery of the second oil passage wall, an outer
periphery of a tank wall extending from the partition
wall, the outer peripheral wall of the second split case
portion and an outer peripheral wall of the partition
member.

6. The lubricating structure according to claim 1, wherein

the second catch tank has a drain hole at its bottom, and the
drain hole is configured to drain lubricating oil.

7. The lubricating structure according to claim 1, wherein

the drive source is an electric motor,

the first reduction gear pair is provided between the output
shaft and a counter shaft parallel to the output shaft,

the second reduction gear pair is provided between the
counter shaft and a differential case parallel to the
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counter shaft and accommodating a differential mecha-
nism configured to drive a pair of axles to rotate,

the first driven gear is a counter driven gear that is a larger
diameter one of the first reduction gear pair and that is
fixed to the counter shaft,

the second driven gear is a final driven gear fixed to the
differential case, and

the second catch tank is provided at a position within a
projected area of an accommodation space of the
counter driven gear in a rotation axis direction of the
counter driven gear on an outer peripheral side of the
second drive gear.

#* #* #* #* #*
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