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(54) POWER TRANSMISSION DEVICE FOR ELECTRIC VEHICLE AND PRODUCTION METHOD 
THEREFOR

(57) The purpose of the present invention is to ensure
reduction performance of radio noise while improving a
workability and preventing a brush protective jig for pro-
tecting a brush contact from being forgotten to be re-
moved, when assembling a sliding contact brush. A pow-
er transmission device for an electrically driven vehicle
includes: a reduction gear mechanism (3); a sliding con-
tact brush assembly (25); a brush case cover (16); and
a protective cover (20). The reduction gear mechanism
(3) is interposed between a motor (1) driven by an inverter
(2) and drive wheels (9,9). The sliding contact brush as-
sembly (25) is provided at the position of a shaft end (3c’)
of a countershaft (3c). The brush case cover (16) is
mounted to a cover mounting portion (19). The protective
cover (20) is mounted so as to cover brush contacts (5a,
5a) when the sliding contact brush assembly (25) is as-
sembled to the shaft end (3c’). The protective cover (20)
is set to have the axial length (L) interfering with the brush
case cover (16), when the brush case cover (16) is
mounted to the cover mounting portion (19) in a state
where the protective cover (20) is installed.
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Description

TECHNICAL FIELD

[0001] The present invention relates to a power trans-
mission deice for an electrically driven vehicle such as
electric vehicle and a manufacturing method therefore,
in which measures for suppression of high-frequency
noise from an inverter are taken.

BACKGROUND ART

[0002] In an electrically driven vehicle having an elec-
tric motor provided at least as driving source for travel,
it is known that a high-frequency noise (also referred to
as "radio noise") from an inverter as a source of gener-
ation, which controls the motor is emitted to the outside
with the motor drive system used as antenna, thereby
adversely affecting the radio receiver.
[0003] As countermeasure, such a conventional de-
vice is known where a slide brush which is electrically
connected to a vehicle body is mounted to a motor shaft
driven by an inverter at a location opposite to a power
transmission mechanism with respect to a rotor (for ex-
ample, see Patent Document 1).

SUMMARY OF THE INVENTION

PROBLEMS THAT THE INVENTION IS TO SOLVE

[0004] However, in the conventional device, when in-
stalling the sliding contact brush, the resistance of the
sliding contact brush will change when touched by grease
or foreign matter on the hand. The sliding contact for
grounding brushes is of low resistance and must be
avoided that the resistance value would change. There-
fore, it is contemplated to assemble or mount with a brush
protective jig or fixture attached for protecting brush con-
tacts. However, when mounting the case cover while the
fixture for protecting the brush contacts is forgotten to be
removed. However, when a case cover is attached while
forgetting to remove the brush protective jig, brush con-
tacts remain protected without being grounded. Moreo-
ver,  there is a problem that, when had been covered
after the cover is that no longer can be left as it is without
being aware that it is not connected to ground, to reduce
radio noise.
[0005] The present invention has been made focusing
on the above problems, and has the object to provide a
power transmission device for an electrically driven ve-
hicle and manufacturing method therefore, to prevent for-
getting removal of the brush protective jig for protecting
brush contacts when assembling a sliding contact brush
contact, while improving workability at the time of slide
brush installation and ensuring the radio noise reduction
performance.

MECHANISM FOR SOLVING THE PROBLEM

[0006] According to the invention, the object is solved
by the features of the main claim. The sub-claims contain
further preferred developments of the invention.
[0007] In order to achieve the object identified above,
the power transmission device for an electrically driven
vehicle according to the present invention is provided
with a power transmission mechanism, sliding contact
brush, brush case cover, and brush protective jig.
The power transmission mechanism is interposed be-
tween a motor shaft of a motor which is driven by an
inverter and drive wheels, and is comprised of a case
element, axis element, and power transmission element.
The sliding contact brush is disposed on the axis end of
the axis element, with one end thereof being maintained
in contact with the axis end while the other end being
grounded to a vehicle body.
The brush case cover is mounted on a cover mount por-
tion that encloses the axis end of the case element de-
scribe above and opens to form thereby a brush chamber
accommodating the sliding contact brush.
The brush protective jig is attached to cover the brush
contact during assembly of the sliding contact brush to
the axis end, and the brush protective jig or fixture is
configured to have such a length by which, when mount-
ing the brush case cover to the cover mount portion, the
brush case cover would interfere with the brush case
cover when the brush protective jig remains in an at-
tached state.
To achieve the object described above, in the manufac-
turing method of a power transmission device for an elec-
trically driven vehicle according to the present invention,
a power transmission mechanism is provided which is
interposed between a motor shaft of a motor driven by
an inverter and drive wheels and having  a case element,
axis element, and power transmission element, wherein
a process to assemble a sliding contact brush, a process
to remove a brush protective jig, and a process to mount
a brush case cover.
In the process to install or assembly the sliding contact
brush, the sliding contact brush is installed or assembled
at the axis end position of the axis element with one end
maintained contact with the axis end while the other end
electrically grounded with respect to vehicle body.
In the process to remove the brush protective jig, a brush
protective jig is removed which is attached to cover the
brush contact when installing the sliding contact brush
to the axis end, and is configured to provide such a length
by which, without being removed, the brush protective
jig would conflict with the brush case cover.
In the process to mount the brush case cover, the brush
case forming a brush chamber that accommodates the
sliding contact brush is mounted to the cover mounting
portion which encloses the axis end portion of the axis
element in the case element and opens.

1 2 
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EFFECT OF THE INVENTION

[0008] Thus, when assembling the sliding contact
brush to the axis end of the axis element, the brush pro-
tective jig is attached over the brush contact of the sliding
contact brush. Further, when mounting the brush case
cover to the cover mounting portion, if the brush protec-
tive jig remains in an attached state, then the brush pro-
tective jig conflicts with the brush case cover. Therefore,
unless the brush protective jig is removed, the brush case
cover cannot be mounted to the cover mount portion so
that the brush protective jig will be prevented from being
forgotten to be removed or detached.
Further, the brush protective jig is configured to have
such an axial length to conflict with the brush case cover
when the brush case cover is being mounted to the cover
mount portion. Stated another way, the axial length of
brush protective jig is set greater than the axial length of
the sliding contact brush. Therefore, during attaching
process to the sliding contact brush, the brush protective
jig may be easily grasped and easy attachment or re-
moval thereof to improve workability.
As a result, during the time of installation or assembly of
the sliding contact brush, while improving the workability,
removal of brush protective jig for protecting the brush
contact will be avoided to be forgotten, and performance
regarding radio noise reduction will be secured.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009]

Fig. 1 is an overall schematic diagram showing a
power transmission device for an electric vehicle (ex-
ample of power transmission device for an electri-
cally driven vehicle).
Fig. 2 is a cross-sectional view of essential parts
showing the area in which the sliding contact brush
assembly is located in the power transmission device
of an electric vehicle in the first embodiment..
Fig. 3 is a perspective view of essential parts showing
an assembled state of the sliding contact brush as-
sembly with the protective jig being attached in the
power transmission device for an electric vehicle in
the first embodiment..
Fig. 4 is a perspective view of essential parts showing
a final assembly state in which the location of the
sliding contact brush assembly is covered in a power
transmission device for an electric vehicle in the first
embodiment.
Fig. 5 is a perspective view showing a state in which
protective cover is attached on the sliding contact
brush assembly in the power transmission device for
an electric vehicle in the first embodiment.
Fig. 6 is a front view of a state in which sliding contact
brush assembly is attached with a protective cover
in the power transmission device for an electric ve-
hicle in the first embodiment.

Fig. 7 is a perspective view of the protective cover
in the power transmission device for an electric ve-
hicle in the first embodiment.
Fig. 8 is a plan view showing a protective cover in
the power transmission device for an electric vehicle
in the first embodiment.
Fig. 9 is a cross-sectional view of protective cover
along D-D in Fig. 8 in a power transmission device
for an electric vehicle.
Fig. 10 is a diagram explaining an axial length in a
final assembly state in which the location of the slid-
ing contact brush assembly is covered by a brush
case cover in the power transmission device for an
electric vehicle in the first embodiment and explain-
ing
Fig. 11 is a diagram showing a relationship with re-
spect to the axial length by which, through interpo-
sition of protective cover, the location of sliding con-
tact brush assembly may not be covered by brush
case cover in a power transmission device for an
electric vehicle.
Fig. 12 is a schematic diagram showing a transmis-
sion path of high-frequency noise from a source of
motor controlling inverter when no noise suppres-
sion is pursued in the power transmission device for
an electric vehicle.
Fig. 13 is a noise transmission circuit diagram show-
ing a transmission circuit of high-frequency noise in
a power transmission device for an electric vehicle.
Fig. 14 denote comparative characteristics diagrams
showing the comparison of noise level at preset lo-
cations of sliding contact brush in a power transmis-
sion device for an electric vehicle at the vehicle
speed of 5km/h (a) and at the vehicle speed of 40
km/h (b).
Fig. 15 shows an operative explanation diagram il-
lustrating the assembly operation of the sliding con-
tact brush assembly in a state in which a protective
cover is attached in a power transmission device for
an electric vehicle.
Fig. 16 shows an operative explanation diagram il-
lustrating the removal operation of the protective
cover after the sliding contact brush assembly has
been assembled in a power transmission device for
an electric vehicle.
Fig. 17 shows an operative explanation diagram il-
lustrating attaching operation of brush case caver in
which the assembled sliding contact brush assembly
is covered by the brush case cover in a power trans-
mission device for an electric vehicle.
Fig 18 shows an operative explanation diagram il-
lustrating inability to mount a brush case cover when
the brush cover has the protective cover attached.

[0010] In the following, description is made of the best
mode realizing the power transmission device according
to the present invention with reference to the first em-
bodiment shown in the figures.
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FIRST EMBODIMENT

[0011] First, the configuration will be described.
[0012] Fig. 1 is a schematic diagram showing an over-
all structure of a power transmission device for an electric
vehicle (an example of power transmission device for an
electrically driven vehicle). Overall structure or configu-
ration is now described based on Fig. 1.
[0013] As shown in Fig. 1, the power transmission de-
vice in the first embodiment for an electric vehicle is pro-
vided with a motor 1, an inverter 2, reduction gear mech-
anism 3 (power transmission mechanism), a power trans-
mission coupling unit 4, and a sliding contact brush earth
structure 5.
[0014] The motor 1 is provided with a motor housing 1
a, motor shaft 1 b rotatably mounted on the motor housing
1 a, rotors 1 c fixed to motor shaft 1 b, stator 1 e with
motor coils 1d wounded. As this motor 1, a synchronous
motor of embedded magnets is used and the rotor 1c
has permanent magnet embedded therein.
[0015]   The inverter 2 is connected to motor coil 1 d
of motor 1 via a three phase alternating current cable 6
while connected to a second battery 7 via a DC power
cable 8. This inverter 2 has a function as a high-frequency
controller for changing the direction of the current by the
switching element. In a drive mode, DC current from the
secondary battery 7 is converted to three-phase alternat-
ing current to the motor 1 while, at a regeneration, the
three-phase AC from motor 1 will be converted to DC to
the secondary battery 7.
[0016] The reduction gear mechanism 3 is interposed
between motor shaft 1 b and drive wheels 9, 9, and is a
power transmission mechanism having a case element,
shaft element and power transmission element. A gear
case 3a accommodating the shaft element and power
transmission element serves as the case element. As
the shaft element, an input shaft 3b, countershaft 3c, and
output shafts 3d, 3d are included. The power transmis-
sion mechanism comprised of a gear train is provided
with an input gear 3e, first counter gear 3f, second coun-
ter gear 3g, drive gear 3h, and differential gear 31.
[0017] The power transmission coupling portion 4 is
provided in a power transmission pathway from motor
shaft 1 b to drive wheels 9, 9, and represents a resistance
body imparting an electric resistance downstream of mo-
tor shaft 1 b. As this power transmission coupling 4, spline
fitting portion 4a, coupling portions 4b, 4c, gear meshing
portion 4d, 4e, and the like may be used as being previ-
ously provided in the power transmission pathway of the
reduction gear mechanism 3 for imparting electric resist-
ance. The spline fitting portion 4a is a portion at which
motor shaft 1 b and input shaft 3b are connected via
spline. The coupling portion 4b, 4b presents a coupling
portion between output shafts 3d,3d of gear reduction
mechanism 3 and drive shaft 3d’, 3d’ to drive wheels 9,9.
The gear meshing portion 4d represents a meshing por-
tion between input gear 3e and first counter gear 3f, and
the gear meshing portion 4e is a meshing portion be-

tween second counter gear 3g and drive gear 3h.
[0018] The sliding contact brush ground structure 5 is
a structure which connects electrically the position in the
power transmission pathway at downstream of power
transmission coupling portion 4 (spline fitting portion 4a,
gear meshing portion 4d) as a resistance body with a
vehicle body 10. This sliding contact brush ground struc-
ture 5 is provided with brush contact 5a, 5a, spring 5d,
5d, leads 5e, 5e, gear case 3a, and connecting line 5b.
The brush contact 5a, 5a slides with the shaft end 3c’ of
countershaft 3c of reduction gear mechanism at the urg-
ing force of spring 5d, 5d. The lead 5e, 5e connects elec-
trically brush contact 5a, 5a and gear case 3a. The con-
necting line 5b connects electrically gear case 3a and
vehicle body 10. In Fig. 1, 11, 11 denote left and right
suspensions, 12 denotes a breather hole.
[0019] Figs. 2-4 show the setup portion of the sliding
contact brush assembly 25 in a power transmission de-
vice for an electric vehicle in the first embodiment. Here-
inafter, on the basis of Figs. 2-4, the configuration of a
setup portion of sliding contact brush assembly 25 is de-
scribed..
[0020] As shown in Fig. 2, the countershaft 3c is rotat-
ably supported on gear case 3a via ball bearing 13, and
first counter gear 3f (see Fig. 1) is fitted by spline on the
inner position of the bal bearing 13. At the outside position
of ball bearing 13 is provided an oil seal 14 on gear case
3a. Moreover, at the position of shaft end 3c’ (axis end)
of countershaft 3c (shaft portion), which projects from
gear case 3a, a stopper 15 and a pair of brush contacts
5a, 5a are provided which represent an electrical con-
nection position CP of the sliding contact brush assembly
25 in the electric power transmission pathway.
[0021] The stopper 15 is provided, as shown in Figs.
2 and 3, on shaft end 3c’ at the step position located on
the rear side of the pair of contact position of the brush
contacts 5a, 5a. This stopper 15 is of collar member in-
tended, when mounting the brush case cover 16 to cover
mounting portion 19, to prevent the protective cover 20
(brush protective jig) from being pushed in a attached
state as shown in Fig. 3.
[0022] As shown in Fig. 4, shaft end 3c ’of the coun-
tershaft 3c is covered by the brush case cover 16. As
shown in Fig. 3, brush case cover 1 is mounted to cover
mounting portion 19 enclosing the shaft end 3c’ of gear
case 3a to open via bolt 18. By mounting and fixing the
brush case cover 16, as shown in Fig. 2, a brush chamber
17 is formed in communication with interior chamber 3j
of gear case 3a. Further, brush case cover 16 is formed
with a breather hole 12 disposed on brush chamber 17,
as shown in Fig. 4.
[0023] The pair of brush contact 5a, 5a has a slip ring
surface formed by a cylindrical surface of shaft end 3c’
of countershaft 3c. The brush contact 5a,5a are provided
by pair within two receiving holes of brush holder 5c of
insulating material with springs 5a, 5a and thus contact
pressure may be held by springs 5d,5d. with maintaining
contact with shaft end 3c’ of countershaft 3c.
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[0024]   As shown in Fig. 3, the brush holder 5c has a
case fixing plate 21 which is fixed to a case extension
3a’ extending from gear case 3a via bolt 22. By fixation
of brush holder 5c by bolt 22 to case, a pair of brush
contacts 5a, 5a are disposed while maintaining contact
with shaft end 3c’ of the countershaft 3c.
[0025] Description of the configuration of the electrical
connection of the pair of brush contacts 5a, 5a to the gear
case 3a is now described. A pair of brush contacts 5a,
5a rest on spring seat 5f, 5f via spring 5d, 5d, and lead
5e,ed is connected to this spring seat 5f, 5f. In addition,
the end of lead 5e, 5e is connected, as shown in Fig. 3,
to ground plate 23 provided with brush holder 5c by sol-
dering. Moreover, ground plate 23 is fixed to gear case
3a via screw 24. Through this configuration, a pair of
contacts are connected electrically to gear case 3a.
[0026] Figs. 5 and 6 respectively show a state in which
the protective cover 20 is attached to the sliding contact
brush assembly 25 in a power transmission device for
an electric vehicle in the first embodiment. The following
describes the slide structure of the protective cover 20
and the sliding contact brush assembly 25.
[0027] As shown in Figs. 5 and 6, the sliding contact
brush assembly 25 is provided with brush holder 5c, lead
5e, 5e, case fixing plate 21, and ground plate 23, and is
structured as a pre-assembled unit. Inside the brush
holder 5c, as described above, brush contact 5a, 5a,
spring 5d, 5d, and spring seat 5f, 5f are housed.
[0028] As shown in Figs. 5 and 6, the brush holder 5c
comprises a pair of grooves 26, 26 extending axially at
lower position of the surfaces of both sides sandwiching
the end surfaces from which brush contact 5a, 5a
projects.
[0029] The protective cover 20 has a pair of slide pawls
27, 27 extending parallel to each other to engage with
the pair of parallel slide grooves of brush holder 5c when
mounting to brush holder 5c.
[0030] Figs. 7-9 show a configuration of a protective
cover 20 of the power transmission device for an electric
vehicle in the first embodiment. The following describes
the configuration of the protective cover 20.
[0031] The protective cover 20 is provided with a main
cover portion 28 covering the brush contact 5a, 5a, a pair
of sub-cover portion 29 and 29 rising from both sides of
the main cover portion, a pair of slide craws formed on
the end portion of the sub-cover  portion 29, 29. The
feature of the protective cover resides in that, as shown
in Fig. 8, it is symmetrical with respect to an axial sym-
metry axis L1 as well as with respect to a symmetry axis
L2 , a orthogonal direction relative to the axis.
[0032] Figs. 10 and 11 show the axial dimensions of
the setup portion of sliding contact brush in the power
transmission device for an electric vehicle. Hereinafter,
the setting of axial dimension of the protective cover 2 is
described.
[0033] The protective cover 20 is a protective jig that
is mounted or attached over the brush contacts 5a, 5a
when assembling the brush assembly 25 to shaft end 3c

’. The axial length L of the protective cover 20 is set to
the length in such a way that, when mounting the brush
case cover 1 to cover mounting portion 19, the protective
cover would interfere with the brush case cover 16 when
mounted to the mounting portion 19 if remained in the
mounted state.
[0034] That is, as shown in Fig.10, the internal clear-
ance F is represented by the formula;: Internal clearance
F = cover depth G + stopper depth H
Therefore, as shown in Fig.11, if, between the axial length
L of protective cover 20 (=length of protective cover) and
internal clearance F, the following relationship is estab-
lished;,
length of protective cover L > internal clearance F
then, the length of protective cover represents a length
by which interference with brush case cover 16 takes
place when the protective cover remains attached during
installation.
Further, since slide brush assembly 25 is accommodated
in brush chamber 17 without interference with sliding con-
tact brush assembly 25, when considering to include an
axial length l of sliding contact brush assembly 25
(=length of brush), the following relationship is estab-
lished.
[0035] The operation is now described.
First, a description of the "principle of generation of high-
frequency noise and problems of comparative example".
Subsequently, the operation in the power transmission
for an electrically driven vehicle of the first embodiment
is described separately in the order of "operation of high-
frequency noise reduction", "operation of sliding contact
brush setup to the reduction gear mechanism", "compar-
ison of noise reduction operation depending on the
ground position", "preventive operation to forget removal
of protective cover".

[Principle of generation of high-frequency noise and 
problems of the comparative example]

[0036] Like a hybrid vehicle or an electric vehicle, in
an electrically driven vehicle in which an electric motor
is provided as part of driving power for travel, it is known
that the high-frequency noise emitted from an inverter
for controlling the motor can adversely affect the radio
receiver or the like due radiation to the outside as motor
drive system as antenna.
[0037] The principle of generation of high frequency
noise will be described with reference to Fig. 12.
In the phase control of an inverter to change the direction
of the current through the switching element, since there
is a steep rise in waveform of the current (voltage) when
turned on, high-frequency clicking noise (= high-frequen-
cy noise) occurs. As indicated by the bold arrows in Fig.
12, high-frequency noise generated by the inverter is
transmitted to the motor shaft via a power cable and mo-
tor coil. It is further propagated from the motor shaft via
input gear of reduction unit, countershaft, differential
gear, ad drive shaft to the suspension, which is insulated
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by the drive wheels. The propagation or transmission
path as indicated by bold arrows in Fig 12 acts as an
antenna to emit the high-frequency noise to the outside,
thereby causing electromagnetic interference.
[0038] By comparison, as described in the prior art de-
scribed above, a comparative example is set in which
the electrical contact position of sliding contact brush is
located at motor shaft and earthing is made or grounded
to the vehicle body at the position of the electrical con-
nection of the motor shaft .
[0039] First, in order to reduce high- frequency noise
from the inverter, it is necessary to reduce the output
voltage V2 going out to the drive shaft from the motor
(see Fig. 13) .
Here, output voltage V2 may be expressed by the equa-
tion; 

Here, V1: motor side voltage, Z8: earth resistance, ZR:
upstream resistance, respectively.
[0040] As is apparent from equation (1) above, to re-
duce the output voltage V2, along with the reduction in
the ground resistance ZB due to sliding contact brush
and the like, at the upstream side of electrical contact
position for earthing, i.e., the upstream resistance ZR on
the noise generation side has to be increased.
[0041] In contrast, in the comparative example de-
scribed above, although the motor shaft may be ground-
ed to the vehicle body, the position of grounding is at
motor shaft. Thus, the inverter, i.e., source of noise gen-
eration, is close, the distance between the source of noise
generation (inverter) and the position of electrical contact
for earthing (motor shaft) is short, and the upstream re-
sistance ZR will be smaller. Therefore, reduction of out-
put voltage V2 is of small margin, noise propagation oc-
curs downstream in the drive shaft direction.

[Reduction effect of high frequency noise]

[0042] As described above, in the power transmission
device for an electric vehicle equipped with an inverter 2
as a source of noise, it is important to secure the large
upstream resistance ZR to reduce high-frequency noise
emitted to the outside. The following describes the re-
duction effect of high-frequency noise in a first embodi-
ment reflecting this.
[0043] In a power transmission device for an electric
vehicle in the first embodiment, a power transmission
coupling portion 4 is provided in a power transmission
path extending from the motor shaft 1 b to the drive
wheels 9,9. In addition, the sliding contact brush ground
structure 5 is electrically connected to vehicle body 10.
Further, the positional relationship between power trans-
mission coupling portion 4 and sliding contact brush
ground structure 5 is such that the power transmission

coupling portion 4 (resistance body) is provided down-
stream of motor shaft 1 b, and the position further down-
stream of the power transmission coupling portion 4 is
set as the electrical connection position CP of sliding con-
tact brush ground structure 5.
[0044] Therefore, since the electrical connection posi-
tion CP of sliding contact brush ground structure 5 is lo-
cated downstream of the motor shaft 1 b and power trans-
mission coupling portion 4, compared with the compar-
ative example in which motor shaft is selected as elec-
trical connection position, such a positional relationship
is obtained remote from the inverter, i.e., source of noise
generation. In addition, due to power transmission con-
nection portion 4, electric resistance (upstream side re-
sistance ZR) Is provided at upstream position from the
electrical connection position CP of the sliding contact
brush ground structure 5.
[0045] Therefore, the upstream side resistance ZR
representing the upstream resistance of the electrical
connection position CP of sliding contact brush ground
structure 5 becomes larger, and as apparent from equa-
tion (1) described above, the output  voltage V2 can be
reduced. Therefore, the output voltage, V2 exiting down-
stream from the electrical connection position CP of slid-
ing contact brush ground structure 5 is attenuated, and
the noise propagated from upstream to downstream in
the power transmission path is reduced.
[0046] Thus, by reducing the noise propagation from
inverter 2 via motor 1 towards the power transmission
path, 
a noise emission function in which a high- frequency
noise will be radiated to outside by an antenna formed
by output shaft 3d, 3d positioned in a power transmission
path extending from motor 1 to drive wheels 8.
[0047] As described above, in the power transmission
device of an electric vehicle in the first embodiment, at
downstream position from motor shaft 1 b, a power trans-
mission coupling portion 4 is provided, and at the position
further downstream of the power transmission coupling
portion, an electrical connection position CP of sliding
contact brush ground structure 5 is configured to be set.
Consequently, it is possible, in an electric vehicle
equipped with an inverter 2 as a source of noise, to reduce
high-frequency noise emitted to the outside.

[Setup Operation of sliding contact brush the reduction 
gear mechanism]

[0048] In the first embodiment, the electrical coupling
position P of the sliding contact brush structure 5 is set
by brush contact 5a, 5a that slidably contacts the shaft
end 3c’ of countershaft 3. Therefore, it is necessary to
ensure that brush contact 5a, 5a will be operable stably
as the electrical contact position CP of sliding contact
brush ground structure 5 as well. Now, the setup opera-
tion of sliding contact brush to the reduction gear mech-
anism 3 reflecting this will be described.
[0049] In the sliding contact brush ground structure 5

9 10 
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in the first embodiment, brush contact 5a, 5a is set to
slidably contact the shaft end 3c’ of countershaft 3c sep-
arated by seal by oil seal 14 from the first counter gear 3e.
In other words, the setup position of brush contact 5a,
5a is located from lubricating oil stirred in the gear cham-
ber 3j of gear reduction mechanism 3.
Thus, by separating from lubricating oil of gear reduction
mechanism 3, a stable contact resistance due to brush
contact 5a, 5a may be maintained. In addition, wear par-
ticles generated through contact of brush contact 5a, 5a
may be prevented from intruding the gear chamber 3j of
gear reduction mechanism 3.
[0050]   In the first embodiment, the position of brush
contact 5a, 5a is set at the shaft end 3c’ projecting from
gear case 3a of gear reduction mechanism 3. In addition,
shaft end 3c’ is covered, brush case cover 16 forming
brush chamber 17 in communication with gear chamber
3j of reduction gear mechanism 3 is fixed to gear case
3a, and breather hold 12 is provided in the brush case
cover 16 to be disposed on brush chamber 17.
That is, both the gear chamber 3j of reduction gear mech-
anism 3j and brush chamber 17 setting up the brush con-
tact 5a, 5a are communicated with the outside through
breather hole 12, so that the difference between the gear
chamber 3j and brush chamber 17 is suppressed to gen-
erate.
Therefore, when the internal pressure of the reduction
gear mechanism 3j is increased, lubricating oil in the gear
chamber 3j may be prevented from leaking to brush
chamber 17 through oil seal 14.
[0051] The power transmission mechanism in the first
embodiment is a reduction gear mechanism 3 having an
input shaft 3b, countershaft 3c, output shaft 3d, 3d, gear
train 3e,3f, and gear train 3g, 3h where the electrical cou-
pling position CP of sliding contact brush ground struc-
ture is set at the position of shaft end 3c’ of countershaft
3c.
That is, spline fitting portion 4a and gear meshing portion
4d are provided upstream of the electrical coupling po-
sition CP of sliding contact brush ground structure 5, and
the upstream side resistance ZR is secured by these two
power transmission coupling portion 4.
Therefore, by ensuring large upstream side resistance
ZR, out of noise propagation directing from upstream to
downstream in the power transmission path, the noise
propagation towards the output shaft 3d, 3d downstream
of countershaft 3c may be effectively reduced.

[Comparison of high-frequency noise reducing effect de-
pending on the ground position]

[0052] When comparing the first embodiment and
comparative example, in view of difference in the elec-
trical coupling position CP for grounding or earthing, it is
necessary to verify the effectiveness of variation in that
position. The following describes the comparison of re-
duction operation of high-frequency noise depending on
the ground position in the first embodiment reflecting this.

[0053] First, in the case of the comparative example
of positioning the A portion in Fig. 1 (opposite from the
reduction gear mechanism 3) as ground position, as
shown in Fig.  14 (a), (b), high noise level is noticed at
both travel speed of 5 km/h and 40 km/h. In particular,
during high speed travel, it is likely that the high- frequen-
cy noise poses a problem.
[0054] By comparison, in the modification example in
the first embodiment that positions the B position in Fig.
1 (shaft end of input shaft) as ground position, as shown
in Fig.(a), (b), at both vehicle speed of 5km/h and 40km/h,
noise level is lower as compared to the comparative ex-
ample (Fig. 1A portion).
[0055] In the case the first embodiment in which the
position C in Fig. 1 (shaft end of countershaft) is posi-
tioned as ground position, as shown in Fig. 14(a), (b), at
both travel speeds of 5km/r and 40km/h, noise level is
lower than the comparative example (Fig. 1 A).
[0056] In other words, when observing the result of the
comparison in Fig. 14 (a), (b), compared to the noise
level in the motor shaft end setup example (Fig. 1A po-
sition), the noise level in the input shaft end setup exam-
ple (Figure 1 B position) is lower. Further, the noise level
in countershaft end setup example (Fig. 1 C) is lower
than that in the input shaft end setup example (Fig. 1 B
position).
Based on the comparison results, by setting the shaft
end 3c’ of countershaft 3c as ground position, it has been
confirmed the reduction in high-frequency noise emitted
to the outside.
[0057] By looking closer the comparison results, as
shown in Fig. 14(d), it has been confirmed that, compared
with the noise level in the motor shaft end setup example
(Fig.1A position), the noise level at 5 km/h travel is re-
duced by Δα dB.
The noise level in the countershaft end setup example
(Fig.1C position) in the first embodiment at 5 km/h travel
speed is reduced by Δα’ dB ( < Δα dB).
[0058] As shown in Fig. 14(b), compared to the noise
level in the motor shaft end setup example (Fig. 1A po-
sition), the noise level in the input shaft end setup exam-
ple (Fig.1 B position) at 40 km/h travel speed, the noise
level is reduced by Δβ dB. The noise level in countershaft
end setup example in the first embodiment (Fig.1C) at
40km / h travel speed is reduced by Δβ dB ( < Δβ’ dB).
This comparison result confirms that, especially in the
first embodiment, during high travel speed, the reduction
effect of high-frequency noise emitted to the outside will
be effectively reduced.

[Effect to prevent forgetting to remove the protective cov-
er]

[0059] First of all, on the basis of Fig.15 through Fig.
17, the assembly operation of sliding contact brush as-
sembly 25 and brush case cover 16 is described.
[0060] By inserting a pair of slide pawls 27, 27 provided
with protective cover 20 in sliding relationship with 26,26
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with respect to a pair of slide groove 26, 26 provided with
brush holder 5c, the sliding contact brush assembly 25
is fitted to protective cover 20. Further, sliding contact
brush assembly 25 fitted with protective cover 20 is po-
sitioned, as shown in Fig. 15, at the position of shaft end
3c’ of countershaft 3c. By screwing to tighten bolt 22, 22,
sliding contact brush assembly 25 is fastened to gear
case 3a. In addition, by screwing to tighten ground screw
24, sliding contact brush assembly 25 is grounded to
earth to gear case 3a.
[0061] As described above, after completion of mount-
ing the sliding contact brush assembly 25 to case and
grounding of sliding contact assembly 25, the protective
cover fitted or attached to the sliding contact brush as-
sembly 25 will be removed by sliding in the direction of
the arrow in Fig. 16. Through these operations, installa-
tion or assembly of the sliding contact brush assembly
25 will be complete.
Further, with respect to the cover mounting portion 19 of
gear case 3a, from which the protective cover 20 has
been removed, as shown in Fig. 17, as shown in Fig. 17,
after aligning the mounting position of brush case cover
16, by screw tightening bolt 18, the installation or assem-
bly operation of brush case cover 16 is complete.
[0062] Thus, when assembling the sliding contact
brush assembly 25 to shaft end 3c’ of countershaft 3c,
protective cover 20 is attached over brush contact 5a, 5a
of the sliding contact brush assembly 25. Further, when
mounting brush case cover 16 to cover mounting portion
19, if the protective cover 20 remains to be attached, then
as shown in Fig. 18, protective cover 20 interferes with
brush case cover 16. Therefore, unless the protective
cover 20 is removed, installation or mounting to the cover
mounting portion 19 of brush case cover 16 is not pos-
sible so that protective cover 20 is prevented from being
forgotten to be removed.
[0063] Also, the protective cover 20 is configured to
have an axial length L by which, when mounting brush
case cover 16 to cover mounting portion 19, the protec-
tive cover would interfere with brush case cover 16. In
other words, the axial length of protective cover 20 will
be longer than the axial length l of the sliding contact
brush assembly 25. Therefore, at the fitting operation to
brush holder 5c, the protective  cover 20 may be easily
grasped by hand, which makes the fitting and removal
of protective cover 20 easier with improved workability.
[0064] As a result, it is possible to prevent from forget-
ting the removal of the protection cover 20 during the
work of assembling the sliding contact brush assembly
25, while improving workability, the protective cover 20
for protecting brush contact 5a, 5a is prevented from be-
ing forgotten to be removed with ensuring the reduction
performance in radio noise.
[0065] In the first embodiment, a configuration was
adopted in which protective cover 20 is not pushed by
brush case cover 18.
With this configuration, when an attempt is made to
mount brush case cover 16 with protection cover 20 re-

main being attached, by hitting on the stopper 15, pro-
tective cover would not be pushed into rearward from the
abutment position to the stopper 15, so that brush case
cover 16 will be prevented to be mounted.
Therefore, when mounting brush case cover 16, if the
protective cover 20 remains attached, brush case cover
16 is prevented from being pushed in, the removal of
protective cover 20 is prevented from being forgotten.
[0066] In the first embodiment, a structure is adopted
in which a pair of slide grooves 26, 26 are provided on
the brush holder 5c, while a pair of slide pawls 27, 27 are
provided in the protective cover 20.
With this configuration, since the protective cover 20 is
slid in the direction of the groove, working operation of
mounting and removing of the protective cover 20 is fa-
cilitated. Also, if an attempt is made to mount brush case
cover 16 while protective cover 20 is being attached, by
guiding by slide the protective cover 20, a reliably abut-
ment on stopper 15 is ensured without protective cover
20 being placed oblique.
Therefore, sliding guide will not only to enhance worka-
bility to make removing and mounting operations of pro-
tective cover 20 easier. In addition, removal of protective
cover 20 may be reliably prevented from being forgotten.
[0067] In the first embodiment, the protective cover 20
is configured of symmetrical structure.
This configuration allows, when mounting protective cov-
er 20 to brush holder 5c, regardless of the orientation of
the protective cover 20, mounting is possible on either
orientation.
Therefore, when mounting protective cover 20 to brush
holder 5c, workability is not  only improved by the attach-
ment of protective cover 20 without considering the ori-
entation of protective cover 20, but along with improve-
ment in workability, risk of damage of tip of protective
cover 20 and adhesion of foreign objects and the like will
be reduced.
[0068] Next, a description of effect will be given.
In the power transmission device for an electric vehicle
of the first embodiment, the effects listed below are ob-
tained.
[0069]  (1) Provided are a power transmission mech-
anism (reduction gear mechanism 3) interposed between
a motor shaft 1 b of motor 1 driven by an inverter 2 and
drive wheels 9, 9 and having
a case element (gear case 3a), axis element (counter-
shaft 3c and the like) and power transmission element
(first counter gear 3f and the like), a sliding contact brush
(sliding contact brush assembly 25) mounted on the axis
end (shaft end 3c’) of the axis element (countershaft 3c)
with one end contacted to the axis end (shaft end 3c’)
while with the other end electrically grounded to a vehicle
body 10, 
a brush case cover 16 mounted to a cover mounting por-
tion 19 that encloses the axis end (shaft end 3c’) of axis
element (countershaft 3c) in the case element (gear case
3a) and opens, and forming a brush chamber 17 accom-
modating the sliding contact brush (sliding contact brush
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assembly 25), 
and a brush protective jig (protective cover) fitted or at-
tached on brush contact 5a, 5a when mounting the sliding
contact brush (sliding contact brush assembly 25) to the
axis end (shaft end 3c’) and is configured to have an axial
length L by which to contact the brush case cover 16
when mounting the brush case cover 16 to the cover
mounting portion 19 in the attached state of the protective
jig (Fig. 3) .
For this reason, when assembling the sliding contact
brush (sliding contact brush assembly 25), while worka-
bility is improved, the brush protective jig (protective cov-
er 20) protecting brush contact 5a, 5a is prevented from
being forgotten to be removed and reduction perform-
ance of radio noise may be ensured.
[0070]  (2) The axis end (shaft end 3c’) of the axis el-
ement (countershaft 3c) is provided with a stopper 15 at
the rearward position from the abutment position of the
brush contact 5a, 5a, which prevents the brush protective
jig (protective cover 20) from being pushed in an attached
state when mounting the brush case cover 16 to the cover
mounting portion 19 (Fig. 3) .
Thus, in addition to the effect (1) described above, at
mounting of brush case cover 16, by preventing brush
case cover 16 from being pushed in a state in which the
brush protective jig (protective cover 20) remains in the
attached state so that the removal of protective cover 20
may securely be prevented from being forgotten.
[0071]  (3) The brush contact 5a, 5a is provided in brush
holder 5c that is disposed, when fixed to the case element
(gear case 3a), with maintaining contact to the axis end
(shaft end 3’) of the shaft element (countershaft 3c), and
the brush holder 5c is provided with a pair of parallel slide
grooves 26, 26 extending axially from both side surfaces
sandwiching the end face from which brush contact 5a,
5a projects. The brush protective jig (protective cover 20)
is provided with a pair of parallel slide pawls 27, 27 to be
engaged with a parallel slide grooves 26, 26 provided
with the brush holder 5c, when mounted to the brush
holder 5c (Fig. 6) .
Thus, in addition to the effects (1) or (2), mounting and
removal operation of the brush protective jig (protective
cover 20) will be easy by the slidably guide to achieve
the improvement in workability In addition, the removal
of brush protective jig (protective cover 20) will be pre-
vented from being forgotten reliably.
[0072]  (4) The brush protective jig is configured to be
a protective cover 20 provided with a main cover portion
28 to cover the brush contact 5a, 5a, a pair of sub- cover
portions 29, 29 extending from both sides of the main
cover portion 28, and a pair of parallel slide pawls 27, 27
formed in the end portion of the pair of sub- cover portions
29, 29, wherein the protective cover 20 is configured to
have a left- right symmetrical structure having a axial
symmetry axis L1 and a lateral symmetry axis L2 per-
pendicular to the axis (Fig. 8) .
Thus, in addition to the effect (3) described above, when
mounting the protective cover 20 to brush holder 5c,

mounting operation without care about the orientation of
the protective cover 20 allows not only improvement in
workability, but also reduce the risk of the tip or distal end
of the protective cover being damaged or adhesion of
foreign matters or the like along with the improvement in
workability.
[0073] Although the power transmission device for an
electric vehicle according to the present invention above
has been described with reference to the first embodi-
ment, the concrete structure is not limited to this first em-
bodiment, but unless the essence or sprit of the present
invention related to each claim is not departed, design
change and addition are allowed.
[0074]   In the first embodiment, as a power transmis-
sion mechanism, an example of the reduction gear mech-
anism 3 by two-step-reduction is shown. However, for
example, such as one step reduction, three-step-reduc-
tion and the like, a gear reduction mechanism of other
than the two-step-reduction may be employed. Alterna-
tively, a gear change mechanism using a planetary gear
may be also employed. In addition, a belt type continuous
transmission or troidal type continuous transmission may
be examples. In short, as long as the power transmission
device includes a case element, axis element and power
transmission element, such power transmission mecha-
nism is to be included in the present invention.
[0075] In the first embodiment, the brush protective jig
is configured in protective cover 20 provided with a main
cover portion 28, a sub-cover portion 29, 29, and slide
pawls 27, 27, for example, However, as brush protective
jig, as long as the jig includes a function to cover brush
contact, the specific configuration is not limited to the
structure in the first embodiment, but various design
changes may be available. Note that the protective cover
20 as brush protective jig may be mounted or attached
when assembling the sliding contact brush assembly 25
to shaft end 3c’, or may be intended to be attached to
the sliding contact brush assembly 25 in advance.
[0076] In the first embodiment, an example is shown
as applied to an electric vehicle, application to a hybrid
vehicle, fuel cell vehicle and the like is possible. In short,
the invention may be applicable to an electrically driven
vehicle with an inverter and motor as source of noise
generation.

CROSS REFERENCE TO RELATED APPLICATION

[0077] The present invention claims priority based on
a Japanese Patent Application, 2010-257838 filed with
Japan Patent Office November 18, 2010, and the entirety
of disclosure thereof is completely incorporated in the
present description by reference.
[0078] The purpose of the present invention is to en-
sure reduction performance of radio noise while improv-
ing a workability and preventing a brush protective jig for
protecting a brush contact from being forgotten to be re-
moved, when assembling a slide contact brush. A power
transmission device for an electrically driven vehicle in-
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cludes: a reduction gear mechanism (3); a slide contact
brush assembly (25); a  brush case cover (16); and a
protective cover (20). The reduction gear mechanism (3)
is interposed between a motor (1) driven by an inverter
(2) and drive wheels (9,9). The slide contact brush as-
sembly (25) is provided at the position of a shaft end (3c’)
of a countershaft (3c). The brush case cover (16) is
mounted to a cover mounting portion (19). The protective
cover (20) is mounted so as to cover brush contacts (5a,
5a) when the slide contact brush assembly (25) is as-
sembled to the shaft end (3c’). The protective cover (20)
is set to have the axial length (L) interfering with the brush
case cover (16), when the brush case cover (16) is
mounted to the cover mounting portion (19) in a state
where the protective cover (20) is installed.

Claims

1. A power transmission device for an electrically driven
vehicle, comprising:

a power transmission mechanism interposed
between a motor shaft of a motor driven by an
inverter and drive wheels, and having a case
element, an axis element and a power transmis-
sion element,
a sliding contact brush mounted on the axis end
of the axis element with one end contacted to
the axis end while with the other end electrically
grounded to a vehicle body,
a brush case cover mounted to a cover mounting
portion that encloses the axis end of the axis
element in the case element and opens, and
forming a brush chamber accommodating the
sliding contact brush, and
a brush protective jig mounted to cover a brush
contact when mounting the sliding contact brush
to the axis end and is configured to have an axial
length by which to contact the brush case cover
when mounting the brush case cover to the cov-
er mounting portion in the attached state of the
brush protective jig..

2. The power transmission device for an electric vehicle
claimed in claim 1,wherein
the axis end of the axis element is provided with a
stopper at the rearward position from the
abutment position of the brush contact, the stopper
preventing the brush protective jig from being
pushed in
an attached state of the brush protective jig when
mounting the brush case cover to the cover mounting
portion.

3. The power transmission device for an electrically
driven vehicle claimed in either claim 1 or 2, wherein
the brush contact is provided in brush holder that is

disposed, when fixed to the case element, with main-
taining contact to the axis end of the axis element,
and the brush holder is provided with a pair of parallel
slide grooves extending axially from both side sur-
faces sandwiching the end face from which brush
contact projects, and
the brush protective jig is provided with a pair of par-
allel slide pawls to be engaged with the parallel slide
grooves provided with the brush holder, when
mounted to the brush holder

4. The power transmission device for an electrically
driven vehicle claimed in claim 3, wherein
the brush protective jig is configured to be a protec-
tive cover provided with a main cover portion to cover
the brush contact, a pair of sub-cover portions ex-
tending from both sides of the main cover portion,
and the pair of parallel slide pawls formed in the end
portion of the pair of sub-cover portions, wherein the
protective cover is configured to have a left-right
symmetrical structure having a axial symmetry axis
and a lateral symmetry axis perpendicular to the axis.

5. A manufacturing method of a power transmission
device for an electrically driven vehicle having
a power transmission mechanism interposed be-
tween a motor shaft of a motor driven by an inverter
and drive wheels, and having a case element, an
axis element and a power transmission element,
comprising:

mounting step for mounting a sliding contact
brush on the axis end of the axis element with
one end being contacted to the axis end while
with the other end electrically grounded to a ve-
hicle body,
removing step for removing the brush protective
jig covering a brush contact when mounting the
sliding contact brush to the axis end, and the
axial length of which is set in such a way that,
when mounting the brush case cover to the cov-
er mounting portion, the brush protective jig
would interfere with the brush case cover; and
mounting step for mounting the brush case cov-
er to the cover mounting portion that encloses
the axis end of the axis element in the case el-
ement and opens, and forming a brush chamber
accommodating the sliding contact brush.
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