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(57) ABSTRACT

A bus bar engaged with each brush holder and electrically
connected to positive brushes. A rotor has coils and protru-
sions extending in an outward direction and electrically
connecting the coils to commutator segments. Each brush
portion end surface faces the outward direction, the bus bar
has an engagement portion with an end facing the inward
direction, and the end of the engagement portion is further
in the outward direction than the end surface portion. The
brush has an end facing the first direction, the bus bar has an
end facing a second direction, and the end of the bus bar is
further in the second direction than the end of the brush
facing the first direction. Each protrusion end faces the
second direction, and the end of the bus bar facing the first
direction is further in the second direction than the end of the
protrusion facing the second direction.
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DC MOTOR BRUSH HOLDER ASSEMBLY

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application is based on and claims the benefit
of priority from earlier Japanese Patent Application No.
2019-093190 filed May 16, 2019, the description of which
is incorporated herein by reference.

TECHNICAL FIELD

[0002] The present disclosure relates to a part of a DC
motor with brushes, and more particularly, to a brush holder

assembly including brush holders and members near the
holders.

BACKGROUND

[0003] Some motors with brushes have a structure
described as follows. A motor with brushes includes a rotor,
three positive brushes and three negative brushes, six brush
holders corresponding one-to-one to the brushes, and a bus
bar.

[0004] The rotor is installed rotatably about a predeter-
mined axis and includes commutator segments, which are
electric conductors, on its outer peripheral surface. The
brushes are electric conductors positioned outward from the
rotor in the radially outward direction. The brush holders
accommodate the brushes in a manner to allow the brushes
to protrude inward and come into sliding contact with the
commutator.

[0005] The rotor has, at positions rearward from the brush
holders in one of the axial directions, coils for generating
magnetic force and protrusions that electrically connect the
coils to the commutator segments. The protrusions extend in
the radially outward direction. The bus bar is an electric
conductor engaged with each brush holder and electrically
connected to the positive brushes.

[0006] Such a motor with brushes is described in Korean
Patent No. 101904644.

SUMMARY

[0007] A DC motor brush holder assembly according to
the present disclosure includes a rotor, brushes including a
plurality of positive brushes and a plurality of negative
brushes, brush holders, and a bus bar. Hereinafter, the
lengthwise directions of a predetermined axis are defined as
axial directions, one of the axial directions as a first direc-
tion, another one of the axial directions as a second direc-
tion, a direction radially toward the axis as a radially inward
direction, and a direction radially away from the axis as a
radially outward direction.

[0008] The rotor is installed on the axis rotatably about it
and includes a plurality of commutator segments that are
electric conductors on its outer peripheral surface. The
brushes are electric conductors positioned outward from the
rotor in the radially outward direction. The brush holders
correspond to the brushes and accommodate the brushes in
a manner to allow the brushes to protrude radially inward
and come into sliding contact with the commutator seg-
ments. The bus bar is an electric conductor having engage-
ment portions engaged with the brush holders, and electri-
cally connected to the positive brushes.

[0009] The rotor has, at positions further in the first
direction than the brush holder is, coils for generating
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magnetic force and protrusions that are electric conductors
extending in the radially outward direction and electrically
connecting the coils to the commutator segments.

[0010] The bus bar is arranged as described below. The
end of the engagement portion facing radially inward direc-
tion is positioned further radially outward than the end
surface of the predetermined portion of each brush facing in
the radially outward direction is. The end of the bus bar
facing in the second direction is positioned further in the
second direction than the end of the brush facing in the first
direction is. The end of the bus bar facing in the first
direction is positioned further in the second direction than
the ends of the protrusions facing in the second direction are.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] In the accompanying drawings:

[0012] FIG. 1 is a sectional view of a brush holder
assembly according to a first embodiment as viewed in a
second direction;

[0013] FIG. 2 is a sectional view taken along a line II-II
shown in FIG. 1;

[0014] FIG. 3 is an enlarged view of a part of FIG. 2;
[0015] FIG. 4is a side view of a bus bar and a brush holder
separated from each other as viewed in the second direction;
[0016] FIG. 5 is a side view of the bus bar and the brush
holder as viewed in the second direction;

[0017] FIG. 6 is a sectional side view of the brush holder
assembly and surroundings of the assembly; and

[0018] FIG. 7 is a sectional view of a brush holder
assembly according to a second embodiment as viewed in
the second direction.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0019] The motor with brushes described in Korean Patent
No. 101904644, which includes the three positive and the
three negative brushes, can have a lower current density per
brush compared with a motor with brushes having less than
three positive and less than three negative brushes. The
lower current density can prolong the service life of the
brushes. However, the present inventors have found the
challenges described below.

[0020] In the motor with brushes described above, the bus
bar is arranged immediately radially outward from the
protrusions, i.e., positioned in a manner to face the radially
outward end of each protrusion. If the rotation of the motor
with brushes continues for more than a desired period of
time due to a start switch failure or some other reason, the
resulting centrifugal force or heat may cause a protrusion to
be damaged by centrifugal force.

[0021] Such damage may bring the protrusion into contact
with the bus bar. The contact between the protrusion and the
bus bar forms an unintended abnormal closed circuit
because of the electrical connection between the protrusion
and the coil and between the bus bar and the positive
brushes. The formation of the abnormal closed circuit may
cause problems such as continuous energization, electrical
leakage, or a reduction in torque.

[0022] The present disclosure has been accomplished on
the basis of these findings. An object of the disclosure is to
reduce the likelihood of a protrusion coming into contact
with the bus bar even if the protrusion suffers damage due
to centrifugal force.
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[0023] A DC motor brush holder assembly according to
the present disclosure includes a rotor, brushes including a
plurality of positive brushes and a plurality of negative
brushes, brush holders, and a bus bar. Hereinafter, the
lengthwise directions of a predetermined axis are defined as
axial directions, one of the axial directions as a first direc-
tion, another one of the axial directions as a second direc-
tion, a direction radially toward the axis as a radially inward
direction, and a direction radially away from the axis as a
radially outward direction.

[0024] The rotor is installed on the axis rotatably about it
and includes a plurality of commutator segments that are
electric conductors on its outer peripheral surface. The
brushes are electric conductors positioned outward from the
rotor in the radially outward direction. The brush holders
correspond to the brushes and accommodate the brushes in
a manner to allow the brushes to protrude radially inward
and come into sliding contact with the commutator seg-
ments. The bus bar is an electric conductor having engage-
ment portions engaged with the brush holders, and electri-
cally connected to the positive brushes.

[0025] The rotor has, at positions further in the first
direction than the brush holder is, coils for generating
magnetic force and protrusions that are electric conductors
extending in the radially outward direction and electrically
connecting the coils to the commutator segments.

[0026] The bus bar is arranged as described below. The
end of the engagement portion facing radially inward direc-
tion is positioned further radially outward than the end
surface of the predetermined portion of each brush facing in
the radially outward direction is. The end of the bus bar
facing in the second direction is positioned further in the
second direction than the end of the brush facing in the first
direction is. The end of the bus bar facing in the first
direction is positioned further in the second direction than
the ends of the protrusions facing in the second direction are.
[0027] According to the present disclosure, the end of the
engagement portion of the bus bar facing radially inward is
positioned further radially outward than the end surface of
the predetermined portion of each brush facing in the
radially outward direction is, and this arrangement enables
the brush and the bus bar to avoid interference with each
other. Thus, the end of the bus bar facing in the second
direction may be positioned further toward the second
direction than the end of the brush facing in the first
direction is. The arrangement facilitates positioning the
entire bus bar away from the protrusions in the second
direction. Thus, the end of the bus bar facing in the first
direction may be positioned further toward the second
direction than the end of each protrusion facing in the second
direction is. The arrangement prevents the bus bar from
being placed at a position immediately outward from each
protrusion in the radially outward direction, i.e., at a position
facing each protrusion and outward from the protrusion in
the radially outward direction. In this arrangement, even if
a protrusion suffers centrifugal damage, the protrusion is less
likely to come into contact with the bus bar.

[0028] Since the end of the bus bar facing in the second
direction is positioned further toward the second direction
than the end of each brush facing in the first direction is, the
bus bar is fitted in the brush holder assembly in a positional
relationship in which the brush and the bus bar overlap each
other as viewed in the radially inward direction. This
arrangement allows a reduction in the axial dimension of the
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brush holder assembly, thus improving the mountability of
the brush holder assembly in a DC motor.

[0029] Embodiments of the present disclosure will now be
described with reference to the drawings. However, the
present disclosure is not limited to the embodiments. The
disclosure may be modified as appropriate without departing
from the scope of the disclosure.

First Embodiment

[0030] FIG. 6 is a sectional side view of a brush holder
assembly 91 and surroundings of the assembly 91 according
to the present embodiment. In addition to the brush holder
assembly 91, an engine starter 100 (DC motor) includes a
driveshaft 101, a pinion gear 102, a housing 103, a clutch
104, a lever 105, a planetary gear 106, an internal gear 107,
a switch 108, a bolt 109, a permanent magnet 110, a ring
gear 111, a center bearing 112, a yoke 113, a through bolt
114, and an armature shaft 115. However, the components in
the starter 100 other than the brush holder assembly 91 are
similar to those known in the art, and thus will not be
described.

[0031] FIG. 1 is a side view of the brush holder assembly
91 according to the present embodiment. The brush holder
assembly 91 includes a rotor 10, a bus bar 20, brushes 30
consisting of three positive brushes 30+ and three negative
brushes 30—, a total of six brush holders 50, and a plate 60.
The brush holder assembly 91 of the DC motor also includes
a lead wire 28 and wires 23 and 63. The bus bar 20 has long
sections 22 and short sections 25. In the present embodi-
ment, the short sections 25 correspond to engagement por-
tions in the present disclosure. The brush holders 50 each
have a recessed engagement groove 52.

[0032] Hereinafter, the lengthwise directions of a prede-
termined axis X are defined as axial directions, one of the
axial directions as a first direction Di, and another one of the
axial directions as a second direction Dii. The direction
toward the axis Xis defined as a radially inward direction
Da, and the direction radially away from the axis X is
defined as a radially outward direction Db. The radially
inward direction Da and the radially outward direction Db
are defined as radial directions. The tangential directions of
the circumference of the axis X are defined as lateral
directions Ds.

[0033] The rotor 10 is installed on the axis X rotatably
about the axis X. Each brush 30 is an electric conductor and
positioned outward from the rotor 10 in the radially outward
direction Db. More specifically, the positive brushes 30+ and
the negative brushes 30- are spaced alternately around the
axis X.

[0034] The brush holders 50 are insulators such as resin
and correspond one-to-one to the brushes 30. Each brush
holder 50 has the shape of a closed-bottom cylinder opening
in the radially inward direction Da, and accommodates a
brush 30 in a manner to allow the brush 30 to protrude in the
radially inward direction Da. The engagement groove 52 of
the brush holder 50 is formed in its end surface 50; facing
in the first direction Di. The engagement groove 52 extends
in the lateral directions Ds, and opens in the first direction
Di and at both sides of the brush holder 50 facing in the
lateral directions Ds.

[0035] The bus bar 20 is an electric conductor and sub-
stantially C-shaped as viewed in the axial directions (Di,
Dii). More specifically, the bus bar 20 has a substantial
C-shape formed by removing one long section 22 from a
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dodecagon with short sections 25 and long sections 22
alternating circumferentially. The short section 25 has a
circumferential length shorter than the long section 22. Each
short section 25, which is bent, is fitted in the engagement
groove 52 and engaged with both the inner side surfaces of
the engagement groove 52. The bend and the engagement
will be described in detail later.

[0036] The plate 60 is a disc-shaped electric conductor
having a central hole. The plate 60 is engaged with the brush
holders 50 on their ends facing in the second direction Dii.
[0037] The lead wire 28, the bus bar 20, the wires 23, and
the positive brushes 30+ form a part of the positive side of
a power supply circuit that supplies the rotor 10 with direct
current. More specifically, the lead wire 28 is electrically
connected to the bus bar 20, and the bus bar 20 is electrically
connected to the positive brushes 30+ via the wires 23.
[0038] The negative brushes 30-, the wires 63, and the
plate 60 form a part of the negative side (ground side) of the
power supply circuit that supplies the rotor 10 with direct
current. More specifically, the negative brushes 30- are
electrically connected to the plate 60 via the wires 63.
[0039] FIG. 2 is a sectional view of the brush holder
assembly 91 as viewed in a lateral direction Ds. More
specifically, FIG. 2 shows a cross section taken along a line
II-IT shown in FIG. 1. The brush holder assembly 91 further
includes springs 40 and a frame 70. The rotor 10 includes a
shaft 11, a base portion 13, a plurality of commutator
segments 15, a plurality of protrusions 16, and a plurality of
coils 17. The frame 70 includes a main frame 77 and an end
frame 71. The end frame 71 and the shaft 11 have a bearing
72 between them. Each brush 30 has a brush main part 31
and a projection 34. In the present embodiment, the brush
main part 31 corresponds to a predetermined portion of a
brush in the present disclosure. Each brush holder 50 has a
brush chamber 51 and a spring chamber 54.

[0040] The main frame 77 is a cylindrical electric con-
ductor positioned outward from the coils 17 in the radially
outward direction Db. The end frame 71 is a cylindrical
electric conductor positioned outward from the bus bar 20,
the brush holders 50, and the plate 60 in the radially outward
direction Db, with its bottom closed at the end facing in the
second direction Dii. The end of the end frame 71 facing in
the first direction Di is fitted to the end of the main frame 77
facing in the second direction Dii. The inner bottom surface
of the end frame 71 abuts the plate 60. Each of the main
frame 77, the end frame 71, and the plate 60 is at ground
potential.

[0041] The brush chamber 51 is a space for accommodat-
ing the brush 30, and the spring chamber 54 is a space for
accommodating the spring 40. The brush chamber 51 has a
width in the axial directions (Di, Dii) substantially the same
as the width of the brush 30 in the axial directions (Di, Dii),
and greater than the width of the spring chamber 54 in the
axial directions (Di, Dii). Thus, in the brush holder 50, the
wall across the spring chamber 54 in the axial directions (Di,
Dii) is thicker than the wall across the brush chamber 51 in
the axial directions (Di, Dii). The engagement groove 52 is
formed in the thick wall.

[0042] The brush main part 31 is substantially rectangular
as seen in the lateral direction Ds. The projection 34 extends
in the radially outward direction Db from the middle of the
length of the brush main part 31 along the axial directions
(Di, Dii). The brush main part 31 has an end surface 315
facing in the radially outward direction Db, and the spring
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40 is placed between the end surface 315 and the inner
bottom surface of the brush holder 50. The end of each
spring 40 facing in the radially inward direction Da sur-
rounds the projection 34. The spring 40 has a width in the
axial directions (D1, Dii) that is smaller than the width of the
brush 30 in the axial directions (Di, Dii). The spring 40 urges
the brush 30 in the radially inward direction Da to bring the
end surface of the brush 30 facing in the radially inward
direction Da into sliding contact with the commutator seg-
ments 15.

[0043] The components (11, 13 to 17) that form the rotor
10 rotate about the axis X as one unit. More specifically, the
shaft 11 is rotatably supported by the bearing 72. The base
portion 13 is a cylindrical insulator such as resin and fixed
to the shaft 11 by press-fitting. Each commutator segment 15
is an electric conductor and fixed to the outer periphery of
the base portion 13.

[0044] The number of commutator segments 15 in the
present embodiment is about 20 to 30, and the commutator
segments 15 are spaced circumferentially and arranged
about the axis X. The base portion 13 intervenes between the
commutator segments 15, and the base portion 13 electri-
cally isolates the commutator segments 15 from each other.
As the rotor 10 rotates, the commutator segments 15 come
into sliding contact with the positive brushes 30+ and the
negative brushes 30- alternately.

[0045] The protrusions 16 are electric conductors corre-
sponding one-to-one to the commutator segments 15. Each
protrusion 16 is electrically connected and fixed to the end
of the corresponding commutator segment 15 facing in the
first direction Di. The protrusion 16 is positioned further is
in the first direction Di than the brush holder 50 is and
extends in the radially outward direction Db.

[0046] One end of each coil 17 is electrically connected to
one protrusion 16, while the other end is electrically con-
nected to another protrusion 16. In other words, each coil 17
has an end electrically connected to a first commutator
segment 15 via its protrusion 16, and an end electrically
connected to a second commutator segment 15 via its
protrusion 16. When the first commutator segment 15 comes
into sliding contact with a positive brush 30+, and the
second commutator segment 15 comes into sliding contact
with a negative brush 30—, a current flows from the end to
the end. Conversely, when the first commutator segment 15
comes into sliding contact with a negative brush 30—, and
the second commutator segment 15 comes into sliding
contact with a positive brush 30+, a current flows from the
end to the end.

[0047] In this manner, the rotation of the rotor 10 causes
a current to flow through the coils 17. The current leads to
magnetic force. The magnetic force cooperates with the
magnetic force of the permanent magnet 110 fixed to the
inner peripheral surface of the main frame 77 to apply torque
to the rotor 10.

[0048] FIG. 3 is an enlarged view of a part of FIG. 2. The
engagement groove 52 has a depth in the axial directions
(D1, Dii) that is greater than the width of the bus bar 20 in
the axial directions (Di, Dii). Thus, the bus bar 20 is fitted
in the engagement groove 52 in the axial directions (D1, Dii).
The brush holder 50 has, on the end surface 50i facing in the
first direction Di, a raised portion 53 formed in a manner to
partially cover the engagement groove 52 opening in the first
direction Di. The covering prevents the bus bar 20 from
accidentally coming out of the engagement groove 52.
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[0049] The arrangement of the bus bar 20 will now be
described. An end 254 of the short section 25 facing in the
radially inward direction Da is positioned further in the
radially outward direction Db than the end surface 315 of the
brush main part 31 is, which faces in the radially outward
direction Db. In this arrangement, even if the brush 30 and
the bus bar 20 are shifted away from each other in the radial
directions (Da, Db), interference with each other can be
avoided. Thus, an end 20ii of the bus bar 20 facing in the
second direction Dii can be positioned further in the second
direction Dii than an end 30i of the brush 30 facing in the
first direction Di is.

[0050] The arrangement facilitates positioning the entire
bus bar 20 away from the protrusions 16 in the second
direction Dii. Thus, an end 20i of the bus bar 20 facing in the
first direction Di can be positioned further in the second
direction Dii than an end 16ii of each protrusion 16 facing
in the second direction Dii is. The arrangement prevents the
bus bar 20 from being placed at a position immediately
outward from each protrusion 16 in the radially outward
direction Db, i.e., at a position facing each protrusion 16 and
outward from the protrusion 16 in the radially outward
direction Db.

[0051] The end 25a of the short section 25 facing in the
radially inward direction Da is positioned further in the
radially outward direction Db than an end 40q of the spring
40 facing in the radially inward direction Da is, and an end
25b of the short section 25 facing in the radially outward
direction Db is positioned further in the radially inward
direction Da than an end 405 of the spring 40 facing in the
radially outward direction Db is. Thus, the short section 25
of the bus bar 20 is positioned in the axial directions (Di,
Dii) with respect to the spring 40.

[0052] FIG. 4is aside view of the bus bar 20 and the brush
holder 50 separated from each other as viewed in the second
direction Dii. The short sections 25 are bent as viewed in the
second direction Dii. The end 25a of each short section 25
facing in the radially inward direction Da is provided at the
middle of the length of the short section 25. The ends 255 of
each short section 25 facing in the radially outward direction
Db are provided at both ends of the length of the short
section 25.

[0053] In the present embodiment, both ends of the length
of each short section 25 are bent into an angle. In contrast,
a part of the short section 25 between both ends is bent into
a curve. The short section 25 has a width W2 in the radial
directions (Da, Db), i.e., a width W2 from the end 25a of the
short section 25 facing in the radially inward direction Da to
the end 256 facing in the radially outward direction Db, and
the engagement groove 52 has a width W1. In a natural state
without external force applied to the bus bar 20, the width
W2 of the short section 25 is greater than the width W1 of
the engagement groove 52.

[0054] FIG. 5is aside view of the bus bar 20 and the brush
holder 50 in a state where short section 25 is engaged with
the engagement groove 52. As described above, in a natural
state, the width W2 of the short section 25 in the radial
directions (Da, Db) is greater than the width W1 of the
engagement groove 52 in the radial directions (Da, Db).
Thus, when the short section 25 is engaged in the engage-
ment groove 52, the end 25a of the short section 25 facing
in the radially inward direction Da comes into contact with
the engagement groove 52 on its inner side surface 52a
situated in the radially inward direction Da, and the end 255
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of the short section 25 facing in the radially outward
direction Db comes into contact with the engagement groove
52 on its inner side surface 52b situated in the radially
outward direction Db.

[0055] Then, the elastic force of the short section 25
presses the end 25a of the short section 25 facing in the
radially inward direction Da against the inner side surface
52a of the engagement groove 52 situated in the radially
inward direction Da. The elastic force also presses the end
25b of the short section 25 facing in the radially outward
direction Db against the inner side surface 526 of the
engagement groove 52 situated in the radially outward
direction Db.

[0056] According to the present embodiment, the follow-
ing effects are achieved. As described above, the bus bar 20
is prevented from being placed at a position immediately
outward from the protrusions 16 in the radially outward
direction Db. In this arrangement, even if a protrusion 16
suffers centrifugal damage, the protrusion 16 is less likely to
come into contact with the bus bar 20. The arrangement thus
prevents problems such as the formation of an abnormal
closed circuit caused by the contact between the protrusion
16 and the bus bar 20. Accordingly, the arrangement pre-
vents problems such as continuous energization, electrical
leakage, or a reduction in torque caused by the formation of
such an abnormal closed circuit.

[0057] In addition, the spring 40 is surrounded by a
sufficient space in the axial directions (Di, Dii) because the
width of the spring 40 in the axial directions (Di, Dii) is
smaller than the width of the brush 30 in the axial directions
(D1, Dii). The space can be effectively used by placing the
bus bar 20 in this space. This effective use can avoid an
increase in the size of the brush holder assembly 91 in the
radially outward direction Db, as well as an increase in the
size of the brush holder assembly 91 in the axial directions
(Di, Dii).

[0058] In addition, the end 254 of the short section 25
facing in the radially outward direction Db is positioned
further in the radially inward direction Da than the end 405
of the spring 40 facing in the radially outward direction Db
is, and thus the positive-potential bus bar 20 can be spaced
away from the ground-potential frame 70 positioned further
in the radially outward direction Db than the bus bar 20 is.
[0059] According to the present embodiment, the follow-
ing effects are also achieved. If each short section 25 had a
width W2 in the radial directions (Da, Db) smaller than the
width W1 of the engagement groove 52 in the radial
directions (Da, Db) in a natural state of the bus bar 20, the
engagement of the short section 25 with the engagement
groove 52 would leave a gap between the short section 25
and at least one of the inner side surfaces of the engagement
groove 52. The gap results in looseness.

[0060] However, in a natural state of the bus bar 20, the
short section 25 in the present embodiment has a width W2
in the radial directions (Da, Db) greater than the width W1
of the engagement groove 52 in the radial directions (Da,
Db). Thus, when the short section 25 is engaged with the
engagement groove 52, the short section 25 comes into
contact with both the inner side surfaces (52a, 52b) of the
engagement groove 52 facing in the radial directions (Da,
Db). Then, the elastic force of the short section 25 presses
both ends (254, 25b) of the short section 25 facing in the
radial directions (Da, Db) against the inner side surfaces
(52a, 52b) at both sides of the engagement groove 52 facing
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in the radial directions (Da, Db). The bus bar 20 is thus
stably engaged with the engagement groove 52 without
looseness.

[0061] In the axial directions (Di, Dii), the fitting of the
bus bar 20 in the engagement groove 52 also stabilizes the
engagement of the bus bar 20 with the engagement groove
52. In addition, the brush holder 50 has, on the end surface
50/ facing in the first direction Di, the raised portion 53
formed in a manner to partially cover the engagement
groove 52 opening in the first direction Di. The raised
portion 53 also stabilizes the engagement of the bus bar 20
with the engagement groove 52.

Second Embodiment

[0062] A second embodiment will now be described. In
this and subsequent embodiments, the same or correspond-
ing components as in the previous embodiments are desig-
nated by the same reference numerals. However, brush
holder assemblies in different embodiments are designated
by different reference numerals. In the present embodiment,
differences from the first embodiment will be mainly
described.

[0063] FIG. 7 is a side view of a brush holder assembly 92
according to the present embodiment. Each brush holder 50
does not have the engagement groove 52 in its end surface
facing in the first direction Di. Instead of the engagement
groove 52, the brush holder 50 has an engagement recess 58
in its end surface facing in the radially outward direction Db.
The engagement recess 58 extends in the lateral directions
Ds, and opens in the radially outward direction Db and at
both ends of the engagement recess 58 facing in the lateral
directions Ds. The bus bar 20 is fitted in the engagement
recess 58 and engaged with the engagement recess 58.
[0064] The width of the engagement recess 58 in the axial
directions (Di, Dii) is substantially the same as the width of
the bus bar 20 in the axial directions (Di, Dii). The engage-
ment recess 58 has a raised portion 59 at a position on its
inner side surface outward from the bus bar 20 in the radially
outward direction Db. The raised portion 59 protrudes
inward from the engagement recess 58 (in the first direction
Di of the axial directions in the figure). In a natural state
without external force applied to the bus bar 20, the gap
between the raised portion 59 and the bottom surface of the
engagement recess 58 is smaller than the width W2 of the
short section 25 in the radial directions (Da, Db). The bus bar
20 is arranged so that the end 20i of the bus bar 20 facing
in the first direction Di is positioned further in the second
direction Dii from a center line 30c¢ of the brush 30 along the
axial directions (Di, Dii).

[0065] According to the present embodiment, the follow-
ing effects are achieved. The entire bus bar 20 is arranged
further in the second direction Dii than the center line 30c of
the brush 30 is along the axial directions (Di, Dii), and the
arrangement shifts the bus bar 20 farther away from the
protrusion 16 than in the first embodiment. Thus, if a
protrusion 16 suffers centrifugal damage, the protrusion 16
is less likely to come into contact with the bus bar 20.

Other Embodiments

[0066] The first or the second embodiment may be modi-
fied as described below. The numbers of positive brushes
30+ and negative brushes 30- may be changed from three to
two or four or more. The number of 20 to 30 commutator
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segments 15 may be increased to 30 or more or reduced to
20 or less. Both the longitudinal ends of each short section
25 may be bent into curves instead of angles.

[0067] The width W2 of the short section 25 in the radial
directions (Da, Db) may be smaller than the width W1 of the
engagement groove 52 in the radial directions (Da, Db). The
depth of the engagement groove 52 in the axial directions
(D1, Dii) may be smaller than the width of the bus bar 20 in
the axial directions (Di, Dii). The bus bar 20 may protrude
from the engagement groove 52 in the first direction Di to
the extent that the end 207 of the bus bar 20 facing in the first
direction Di does not exceed, in the first direction D1, the end
16ii of the protrusion 16 facing in the second direction Dii.

What is claimed is:

1. A DC motor brush holder assembly with lengthwise
directions of a predetermined axis defined as axial direc-
tions, one of the axial directions as a first direction, another
one of the axial directions as a second direction, a direction
radially toward the axis as a radially inward direction, and
a direction radially away from the axis as a radially outward
direction, the DC motor brush holder assembly comprising:

a rotor installed on the axis rotatably thereabout and
including a plurality of commutator segments being
electric conductors on an outer peripheral surface of the
rotor;

brushes being electric conductors including a plurality of
positive brushes and a plurality of negative brushes and
positioned outward from the rotor in the radially out-
ward direction;

brush holders corresponding to the brushes and accom-
modating the brushes in a manner to allow the brushes
to protrude in the radially inward direction and come
into sliding contact with the commutator segments;

a bus bar being an electric conductor having engagement
portions engaged with the brush holders, the bus bar
electrically connected to the positive brushes; and

the rotor has, at positions further in the first direction than
the brush holders is, coils configured to generate mag-
netic force and protrusions being electric conductors
extending in the radially outward direction and electri-
cally connecting the coils to the commutator segments,
wherein

the bus bar is arranged in such a manner that an end of the
engagement portion facing in the radially inward direc-
tion is positioned further in the radially outward direc-
tion than an end surface of a predetermined portion of
the brush facing in the radially outward direction is, an
end of the bus bar facing in the second direction is
positioned further in the second direction than an end of
the brush facing in the first direction is, and an end of
the bus bar facing in the first direction is positioned
further in the second direction than an end of the
protrusion facing in the second direction is.

2. The DC motor brush holder assembly according to

claim 1, wherein

the brush holders each accommodates a spring configured
to urge the brush in the radially inward direction, the
spring having a width in the axial directions smaller
than a width of the brush in the axial directions, and

the bus bar is arranged in such a manner that an end of the
engagement portion facing in the radially inward direc-
tion is positioned further in the radially outward direc-
tion than an end of the spring facing in the radially
inward direction is, and an end of the engagement
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portion facing in the radially outward direction is
positioned further inward in the radially inward direc-
tion than an end of the spring facing in the radially
outward direction is.
3. The DC motor brush holder assembly according to
claim 1, wherein
with tangential directions of a circumference of the axis
defined as lateral directions,
the brush holder has, in an end surface facing in the first
direction, an engagement groove extending in the lat-
eral directions, and the engagement portion is engaged
with the engagement groove.
4. The DC motor brush holder assembly according to
claim 3, wherein
the engagement groove has a depth in the axial direction,
the depth being greater than a width of the engagement
portion in the axial direction.
5. The DC motor brush holder assembly according to
claim 3, wherein
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the engagement portion is bent when viewed in the axial
directions,

with both of the radially inward direction and the radially
outward direction defined as radial directions, in a
natural state without external force applied to the bus
bar, the engagement portion has a width in the radial
directions greater than a width of the engagement
groove in the radial directions, and

with the engagement portion engaged with the engage-
ment groove, the engagement portion abuts inner side
surfaces of the engagement groove at both sides thereof
facing in the radial directions.

6. The DC motor brush holder assembly according to

claim 1, wherein

the bus bar is arranged in such a manner that the end of
the bus bar facing in the first direction is positioned
further in the second direction from a center line of the
brush along the axial direction.
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