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(54) Starter

(57) A starter (1) includes an output shaft (4) which
receives rotational force of a motor portion (3) and ro-
tates, a housing (17) that rotatably supports an end por-
tion (104b) on one side of the output shaft (4), and an
electromagnetic device (9) that applies and blocks an
electric current to the motor portion (3) and biases press-

ing force directed to a ring gear (23) to a pinion gear (74)
through a clutch mechanism (5), wherein a damper por-
tion (50) that mitigates shock in an axial direction from
the output shaft (4) to a housing (17) is provided between
the housing (17) and an end portion (104b) on one side
of the output shaft (4).
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Description

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] The present invention relates to, for example,
a starter mounted on a car.

Description of Related Art

[0002] A plunging-type starter in which startup of an
engine is performed in such a manner that a pinion gear
plunges into a ring gear at the time of startup of the engine
and engages with the ring gear to drive the ring gear
through the pinion gear and rotate a crankshaft is con-
ventionally known as a starter used to startup of a car
(e.g., see Japanese Unexamined Patent Application,
First Publication No. 2002-130097).
[0003] In the starter described in Japanese Unexam-
ined Patent Application, First Publication No.
2002-130097, a driving shaft (output shaft) is connected
to a rotor shaft of a startup motor through a planetary-
gear-style speed reducer. Both end sides in an axial di-
rection of the driving shaft are rotatably supported by a
housing of the starter. A mover that moves forward and
backward in an axial direction by means of a magnet
switch (electromagnetic device) through a lever spline-
engages with the driving shaft. Further, the pinion gear
is provided in the driving shaft to be movable forward and
backward in the axial direction toward the ring gear.
[0004] The ring gear and the pinion gear include a hel-
ical gear, and a torsional direction of the teeth of the ring
gear and the pinion gear is set so that a thrust load in a
plunging direction is applied to the pinion gear in a state
in which the pinion gear drives the ring gear.
[0005] According to Japanese Unexamined Patent Ap-
plication, First Publication No. 2002-130097, once the
pinion gear engages with the ring gear, the pinion gear
receives the thrust load generated by a torsional angle
of the teeth of both of the gears and proceeds by itself in
a plunging direction, and engagement of the pinion gear
with the ring gear can be improved. Further, an engage-
ment area of the ring gear and the pinion gear increases,
and operating noise generated by the engagement can
be reduced.
[0006] When the mover receives a thrust load gener-
ated in the helical gear and slides to the ring gear, the
thrust load is also applied to the output shaft connected
to the mover. Accordingly, since the output shaft slides
to the ring gear, an end surface on one side of the output
shaft may come in sliding contact with the housing.
[0007] In such a case, since abutment shock when the
output shaft slides and abuts the housing or rotational
force (frictional force) of the output shaft after the abut-
ment is applied to the housing, it is necessary to improve
the durability of the housing. Therefore, changing the ma-
terial of the housing to a high quality material and increas-

ing the wall thickness of the housing can be considered,
but yields a problem in that the cost or size of the starter
increase.
[0008] Further, a speed difference between the rota-
tional speed of the ring gear and the rotational speed of
the pinion gear is repeatedly reversed when a crankshaft
passes through a top dead center and a bottom dead
center while the ring gear and the pinion gear engage to
start up the engine. In such a case, when the ring gear
and the pinion gear include a helical gear, a direction of
the thrust load applied to the output shaft is also repeat-
edly reversed.
[0009] In other words, when the rotational speed of the
pinion gear exceeds the rotational speed of the ring gear,
the thrust load in a plunging direction is applied to the
pinion gear and the output shaft. On the other hand, when
the rotational speed of the ring gear exceeds the rota-
tional speed of the pinion gear, the thrust load in a direc-
tion of disengagement from the ring gear is applied to
the pinion gear and the output shaft. Repetition of this
causes a problem in that an output shaft collides with the
housing many times and noise at the time of driving the
starter increases.

SUMMARY OF THE INVENTION

[0010] The present invention provides a starter capa-
ble of improving durability of a housing and reducing
noise at the time of driving without causing an increase
in cost or size.
[0011] According to a first aspect of the present inven-
tion, a starter includes a motor portion that generates
rotational force through application of an electric current;
an output shaft that receives the rotational force of the
motor portion and rotates; a housing that rotatably sup-
ports an end portion on at least one side of the output
shaft; a pinion gear that is provided to be slidable on the
output shaft, and is capable of helically engaging with a
ring gear of the engine; a clutch mechanism that is pro-
vided between the output shaft and the pinion gear and
transmits the rotational force of the output shaft to the
pinion gear; a movement regulation portion that is pro-
vided in the output shaft, and regulates sliding of the pin-
ion gear and the clutch mechanism by a predetermined
value or more toward the one side; an electromagnetic
device that applies and blocks an electric current to the
motor portion and biases pressing force directed to the
ring gear to the pinion gear through the clutch mecha-
nism. A damper means that mitigates shock in an axial
direction from the output shaft to the housing is provided
between the housing and the end portion on the one side
of the output shaft.
[0012] With such a configuration, even when the pinion
gear helically engages with the ring gear and moves to
the ring gear and the thrust load is applied to the output
shaft through the movement regulation portion, it is pos-
sible to effectively mitigate shock in the axial direction
from the output shaft to the housing while regulating the
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movement of the output shaft using the damper means.
Further, since the end portion on one side of the output
shaft and the damper means come in sliding contact at
the time of rotation of the output shaft, the end portion
on one side of the output shaft and the housing can be
prevented from coming in direct sliding contact. There-
fore, it is possible to provide a starter having excellent
durability while suppressing an increase in the cost or
size of the housing. Further, it is possible to reduce the
amount of noise generated when the starter is driven.
[0013] According to a second aspect of the present
invention, the damper means of the starter according to
the first aspect includes a load receiving member that
abuts the end portion on the one side of the output shaft;
and an elastic member provided between the load re-
ceiving member and the housing.
[0014] With such a configuration, it is possible to reli-
ably receive the thrust load of the output shaft using the
load receiving member, and to reliably reduce collision
sound of the output shaft with the housing using the elas-
tic member.
[0015] According to a third aspect of the present inven-
tion, the load receiving member of the starter according
to the second aspect is a flat washer, and the elastic
member includes an annular rubber material.
[0016] With such a configuration, it is possible to form
the damper means with a simple structure and to reliably
suppress an increase in cost of the starter.
[0017] According to a fourth aspect of the present in-
vention, the load receiving member of the starter accord-
ing to the second aspect is a flat washer, and the elastic
member includes a cylindrical rubber material.
[0018] According to a fifth aspect of the present inven-
tion, the end portion of at least the one side of the output
shaft in the starter according to any one of the second to
fourth aspect is rotatably supported on the housing
through a radial bearing, movement in a falling-out direc-
tion of the load receiving member is regulated by the
radial bearing, and the elastic member is arranged be-
tween the load receiving member and the housing.
[0019] With such a configuration, the load receiving
member and the elastic member are attached to the
housing easily and reliably, and it is possible to prevent
the load receiving member and the elastic member from
unexpectedly falling off.
[0020] According to a sixth aspect of the present in-
vention, the flat washer of the starter according to any
one of the third to fifth aspect is formed by performing
press working on a metal plate, the housing includes a
bottom portion arranged in a state in which one surface
of the flat washer is capable of abutting the one side of
the output shaft, and an escape portion is formed to be
recessed toward the one side in a position corresponding
to a peripheral edge portion of the flat washer of the bot-
tom portion.
[0021] With such a configuration, it is possible to easily
form the flat washer and prevent wear of the housing
caused by burrs formed in the peripheral edge portion of

the flat washer.
[0022] According to a seventh aspect of the present
invention, the flat washer of the starter according to any
one of the third to fifth aspect is formed by performing
press working on a metal plate, the housing includes a
step portion arranged in a state in which one surface of
the flat washer is capable of abutting the one side of the
output shaft, and a recessed portion is formed to be re-
cessed toward the one side in a position corresponding
to a peripheral edge portion of the flat washer of the step
portion.
[0023] According to an eighth aspect of the present
invention, in the starter according to the sixth aspect, the
elastic member is arranged in the escape portion.
[0024] With such a configuration, it is possible to easily
attach the elastic member while positioning the elastic
member.
[0025] According to a ninth aspect of the present in-
vention, the housing of the starter according to the sev-
enth aspect includes a bottom portion on the one side of
the output shaft, and the elastic member is arranged be-
tween the bottom portion and the step portion.
[0026] According to a tenth aspect of the present in-
vention, in the starter according to any one of the first to
ninth aspect, the electromagnetic device is provided co-
axially with the output shaft.
[0027] With such a configuration, the present invention
can preferably be adopted in a so-called one-shaft-type
starter in which the electromagnetic device and the out-
put shaft are coaxially provided. Therefore, it is possible
to obtain a starter having excellent durability while sup-
pressing an increase in cost or size of the housing even
in the one-shaft-type starter. Further, it is possible to re-
duce noise when the starter is driven.
[0028] According to the starter described above, even
when the pinion gear helically engages with the ring gear
and moves to the ring gear and the thrust load is applied
to the output shaft through the movement regulation por-
tion, it is possible to effectively mitigate shock in the axial
direction from the output shaft to the housing while reg-
ulating the movement of the output shaft using the damp-
er means. Further, since the end portion on one side of
the output shaft and the damper means come in sliding
contact at the time of rotation of the output shaft, the end
portion on one side of the output shaft and the housing
can be prevented from coming in direct sliding contact.
[0029] Therefore, it is possible to provide a starter hav-
ing excellent durability while suppressing an increase in
the cost or size of the housing. Further, it is possible to
reduce noise generated when the starter is driven.

BRIEF DESCRIPTION OF THE DRAWINGS

[0030]

FIG. 1 is a cross-sectional view of a starter in a first
embodiment of the present invention.
FIG. 2 is an enlarged view of a bottom portion of a
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housing of the first embodiment of the present inven-
tion.
FIG. 3 is an exploded perspective view of a clutch
mechanism and a pinion mechanism of the first em-
bodiment of the present invention.
FIG. 4 is a cross-sectional view of the clutch mech-
anism and the pinion mechanism of the first embod-
iment of the present invention.
FIG. 5 is a plan view of the clutch mechanism of the
first embodiment of the present invention.
FIG. 6 is a partially enlarged view of a pinion gear of
the first embodiment of the present invention.
FIG. 7 is a cross-sectional view of the starter when
a movable contact plate comes in contact with a fixed
contact plate of the first embodiment of the present
invention.
FIG. 8 is a view showing an operation when a pinion
gear engages with a ring gear of the first embodiment
of the present invention.
FIG. 9 is an enlarged view of a bottom portion of a
housing of a second embodiment of the present in-
vention.

DETAILED DESCRIPTION OF THE INVENTION

(First embodiment) (Starter)

[0031] Next, a first embodiment of the present inven-
tion will be described based on FIGS. 1 to 8.
[0032] FIG. 1 is a cross-sectional view of a starter 1.
Further, in FIG. 1, a stop state of the starter 1 is shown
above a center line and an electric current applying state
of the starter 1 (a state in a process when a pinion gear
74 and a ring gear 23 engage) is shown therebelow.
[0033] The starter 1 is a device used to generate rota-
tional force necessary for startup of an engine that is not
shown, and includes a motor portion 3, an output shaft
4 connected to one side (the left side in FIG. 1) of the
motor portion 3, a clutch mechanism 5 and a pinion mech-
anism 70 slidably provided on the output shaft 4, a switch
unit 7 which opens or closes a power supply path for the
motor portion 3, and an electromagnetic device 9 used
to move a movable contact plate 8 of the switch unit 7
and the pinion mechanism 70 in an axial direction, as
shown in FIG. 1.

(Motor portion)

[0034] The motor portion 3 includes a brush direct cur-
rent motor 51, and a planetary gear mechanism 2 con-
nected to a rotation shaft 52 of the brush direct current
motor 51 used to transmit the rotational force of this ro-
tation shaft 52 to the output shaft 4.
[0035] The brush direct current motor 51 includes a
substantially cylindrical motor yoke 53, and an armature
54 arranged on an inner side in a diameter direction of
the motor yoke 53 and provided rotatably with respect to
the motor yoke 53. A plurality (six magnets in this em-

bodiment) of permanent magnets 57 are provided on an
inner circumferential surface of the motor yoke 53 so that
magnetic poles alternate in a circumferential direction.
[0036] An end plate 55 that closes an opening 53a of
the motor yoke 53 is provided in an end on the other side
of the motor yoke 53 (on the right side in FIG. 1). A sliding
bearing 56a and a thrust bearing 56b which rotatably
supports the other end of the rotation shaft 52 are pro-
vided at a center in the diameter direction of the end plate
55.
[0037] The armature 54 includes the rotation shaft 52,
an armature core 58 externally fitted and fixed in a posi-
tion corresponding to the permanent magnet 57 of the
rotation shaft 52, and a commutator 61 externally fitted
and fixed on the planetary gear mechanism 2 side (the
left side in FIG. 1) in comparison with the armature core
58 of the rotation shaft 52.
[0038] The armature core 58 includes a plurality of ra-
dially formed teeth (not shown), and a plurality of slots
(none of which is shown) formed between respective cir-
cumferentially adjacent teeth. A coil 59 is wound between
the respective slots at predetermined circumferential in-
tervals, for example, through wave winding. A terminal
portion of the coil 59 is drawn toward the commutator 61.
[0039] A plurality (e.g., twenty six segments in this em-
bodiment) of segments 62 are provided in a circumfer-
ential direction and at predetermined intervals to be elec-
trically insulated from each other in the commutator 61.
[0040] A riser 63 that is bent and formed to fold back
is provided in an end on the armature core 58 side of
each segment 62. The terminal portion of the coil 59
wound around the armature core 58 is connected to the
riser 63.

(Planetary gear mechanism)

[0041] A bottomed cylindrical top plate 12 is provided
on a side opposite to the end plate 55 of the motor yoke
53. The planetary gear mechanism 2 is provided in an
inner surface on the armature core 58 side in the top
plate 12.
[0042] The planetary gear mechanism 2 includes a sun
gear 13 integrally molded with the rotation shaft 52, a
plurality of planetary gears 14 engaging with the sun gear
13 and revolving around the sun gear 13, and an inner
tooth ring gear 15 having an annular shape provided on
an outer circumferential side of the planetary gear 14.
[0043] The plurality of planetary gears 14 are connect-
ed by a carrier plate 16. A plurality of support shafts 16a
stand in positions corresponding to the respective plan-
etary gears 14 in the carrier plate 16, and the planetary
gears 14 are rotatably supported thereon. Further, the
output shaft 4 engages through serration engagement at
a center part in the diameter direction of the carrier plate
16.
[0044] The inner tooth ring gear 15 is integrally molded
in an inner circumferential surface on the armature core
58 side of the top plate 12. A sliding bearing 12a is pro-
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vided at a center in the diameter direction in the inner
circumferential surface of the top plate 12. The sliding
bearing 12a rotatably supports an end portion 104a on
the other side (an end on the right side in FIG. 1) of the
output shaft 4 arranged coaxially with the rotation shaft
52.

(Housing)

[0045] Further, an opening 17a of a bottomed cylindri-
cal housing 17 is externally fitted and fixed to the top
plate 12. The housing 17 is a member formed through
aluminum die-casting, and the output shaft 4, the clutch
mechanism 5, the pinion mechanism 70, the electromag-
netic device 9 or the like are included in the housing 17.
Further, the housing 17 has a function to fix the starter 1
to the engine that is not shown.
[0046] A female thread portion 17b is carved in an axial
direction in an outer circumferential surface on the open-
ing 17a side of the housing 17. Further, a bolt hole 55a
is formed in a position corresponding to the female thread
portion 17b in the end plate 55 arranged on the other
side (a right end side in FIG. 1) of the motor yoke 53. A
bolt 95 is inserted into this bolt hole 55a and screwed in
the female thread portion 17b such that the motor portion
3 and the housing 17 are integrally formed.
[0047] A ring-shaped stopper 94 regulating displace-
ment to the motor portion 3 of the clutch outer 18 to be
described below is provided in an inner wall of the hous-
ing 17. This stopper 94 is formed of a resin, rubber or the
like, and is configured to be able to mitigate shock when
abutted by the clutch outer 18.
[0048] FIG. 2 is an enlarged view of the bottom portion
17c of the housing 17, and is an illustrative view of a
damper portion 50.
[0049] A bearing recessed portion 47 having a section
in a substantially circular shape is formed coaxially with
the output shaft 4 in the bottom portion 17c of the housing
17. A sliding bearing 17d serving as a radial bearing
which rotatably supports the end portion 104b on one
side (the left side in FIG. 1) of the output shaft 4 is pressed
and fixed to an inner circumferential surface 47a of the
bearing recessed portion 47. Lubricant oil including de-
sired base oil is impregnated in the sliding bearing 17d,
and the output shaft 4 inserted into the inner circumfer-
ential surface can smoothly come in sliding contact there-
with.
[0050] Further, a length L1 of the sliding bearing 17d
is set to be smaller than a depth H1 of the bearing re-
cessed portion 47. Therefore, a gap S1 is formed be-
tween an end portion on one side (the left side in FIG. 2)
of the sliding bearing 17d and the bottom portion 47b of
the bearing recessed portion 47. The damper portion 50
is arranged in this gap S1. The damper portion 50 is a
member used to mitigate shock due to the thrust load
applied from the output shaft 4 to the bottom portion 17c
of the housing 17. The damper portion 50 includes a flat
washer 50a serving as a damper means or a load receiv-

ing member and a rubber damper 50b serving as an elas-
tic member.
[0051] The flat washer 50a is a member formed in an
annular shape by performing press working on a metal
plate having excellent abrasion resistance and having a
higher hardness than the output shaft 4. For example,
carbon tool steel such as SK85 is used as a specific ma-
terial of the flat washer 50a.
[0052] Further, the flat washer 50a is formed with a
thickness such that the flat washer 50a can be arranged
between the end portion 104b on one side of the output
shaft 4 and the bottom portion 47b of the bearing re-
cessed portion 47. Further, a diameter D4 of the flat
washer 50a is set to be substantially equal to or slightly
smaller than the diameter of the inner circumferential sur-
face 47a of the bearing recessed portion 47. Accordingly,
the flat washer 50a can be arranged in the gap S 1. Fur-
ther, the diameter D4 of the flat washer 50a is set to be
greater than the inner diameter D5 of the sliding bearing
17d. Accordingly, the flat washer 50a and the rubber
damper 50b do not fall off the housing 17 in a state in
which the sliding bearing 17d is pressed into the housing
17 (details will be described below).
[0053] The flat washer 50a formed in this way is ar-
ranged in a state in which burrs generated when press
working is performed are directed to the bottom portion
47b of the bearing recessed portion 47. The rubber damp-
er 50b is arranged between the flat washer 50a and the
bottom portion 47b of the bearing recessed portion 47.
[0054] The rubber damper 50b is a member formed in
a substantial ring shape, and an outer diameter thereof
is set to be slightly smaller than the diameter D4 of the
flat washer 50a. Accordingly, it is possible to prevent the
rubber damper 50b from being damaged by the burrs of
the flat washer 50a. It is preferable, for example, for acryl-
ic rubber or nitrile rubber to be used as a material of the
rubber damper 50b.
[0055] Here, a first escape groove 47c that is substan-
tially annular when viewed in a plan view is formed in an
axial direction on the outer circumferential side in the
bottom portion 47b of the bearing recessed portion 47.
In other words, the first escape groove 47c is formed in
a position corresponding to the outer peripheral edge por-
tion of the flat washer 50a in the bottom portion 47b of
the bearing recessed portion 47. This first escape groove
47c functions as an accommodating portion that accom-
modates the rubber damper 50b. It is possible to prevent
a width W1 of the gap S1 from needlessly increasing by
forming the first escape groove 47c. A depth H2 of the
first escape groove 47c is set to a depth of about half the
thickness of the rubber damper 50b, and a groove width
D6 is set to about 3 times the thickness of the rubber
damper 50b.
[0056] Accordingly, an amount of bending when the
flat washer 50a receives the thrust load of the output
shaft 4 can be regulated using the bottom portion 47b of
the bearing recessed portion 47. In other words, when
the flat washer 50a receives the thrust load of the output
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shaft 4 and is bent, one surface of the flat washer 50a
abuts the bottom portion 47b of the bearing recessed
portion 47. Accordingly, expansion to an inner side and
an outer side in the diameter direction due to compres-
sion of the rubber damper 50b is allowed, and it is pos-
sible to prevent the flat washer 50a from being unneces-
sarily bent while regulating the compression amount in
an axial direction.
[0057] Further, a second escape groove 47d having a
substantially circular shape when viewed in a plan view
is formed at substantially a center in the diameter direc-
tion in the bottom portion 47b of the bearing recessed
portion 47. In other words, the second escape groove
47d having a substantially circular shape when viewed
in a plan view is formed in a position corresponding to
an inner peripheral edge portion of the flat washer 50a
in the bottom portion 47b of the bearing recessed portion
47.
[0058] The formation of the second escape groove 47d
enables grease to be stored as shown in the next stage.
[0059] Further, grease fused to reduce friction at the
time of sliding-contact of the flat washer 50a and the end
portion 104b on the one side of the output shaft 4 is ap-
plied to the gap S1. Since grease including the same kind
of base oil as the lubricant oil impregnated in the sliding
bearing 17d is used for such grease, the lubricant oil of
the sliding bearing 17d can be held for a long period of
time.
[0060] A recessed portion 4a into which the end 52a
on the one side of the rotation shaft 52 can be inserted
is formed in the end portion 104a on the other side of the
output shaft 4, as shown in FIG. 1. The sliding bearing
4b is pressed into an inner circumferential surface of the
recessed portion 4a, such that the output shaft 4 and the
rotation shaft 52 are connected to be relatively rotatable.
Further, a helical spline 19 is formed at a substantial cent-
er in an axial direction of the output shaft 4. A clutch outer
18 of the clutch mechanism 5 to be described below hel-
ically engages with the helical spline 19.

(Clutch mechanism)

[0061] FIG. 3 is an exploded perspective view of the
clutch mechanism 5 and the pinion mechanism 70. FIG.
4 is a cross-sectional view of the clutch mechanism 5
and the pinion mechanism 70. FIG. 5 is a plan view of
the clutch mechanism 5.
[0062] The clutch mechanism 5 includes a bottomed
cylindrical clutch outer 18, a clutch inner 22 formed con-
centrically with the clutch outer 18, a cylindrical clutch
roller 111 arranged between a circumferential wall 18a
of the clutch outer 18 and an outer circumferential surface
22a of the clutch inner 22, a coil spring 112, a thrust plate
113 arranged on the opening 18b side of the clutch outer
18, and a clutch cover 114 that covers this thrust plate
113 and the clutch outer 18 from the outside, as shown
in FIGS. 3 to 5.
[0063] Here, the clutch mechanism 5 has a so-called

known one-way clutch function used to transmit rotational
force from the clutch outer 18 to the clutch inner 22, but
not transmitting rotational force from the clutch inner 22
to the clutch outer 18. Accordingly, when a state enters
an overrun state in which the clutch inner 22 becomes
faster than the clutch outer 18 at the time of engine star-
tup, the rotational force from the ring gear 23 of the engine
that is not shown is blocked.
[0064] Further, the clutch mechanism 5 has a so-called
torque limiter function used to transmit the rotational force
to the clutch outer 18 or the clutch inner 22 when the
torque difference and a rotational speed difference gen-
erated between the clutch outer 18 and the clutch inner
22 is less than a predetermined value, and to block the
transmittance of the rotational force when the torque dif-
ference and the rotational speed difference exceeds the
predetermined value.
[0065] A sleeve 18d is formed to project toward the
motor portion 3 at the center in the diameter direction in
the bottom wall 18c of the clutch outer 18. The sleeve
18d is formed with a reduced diameter form in compari-
son with the circumferential wall 18a of the clutch outer
18, and is externally fitted to the output shaft 4. A helical
spline 18e engaging with the helical spline 19 of the out-
put shaft 4 is formed in an inner circumferential surface
of the sleeve 18d.
[0066] Further, an inclination angle of the helical spline
19 of the output shaft 4 and the helical spline 18e of the
clutch outer 18 is set, for example, to about 16° with re-
spect to the axial direction.
[0067] Further, a step portion 18f is formed in a con-
nection portion with the sleeve 18d on an inner surface
in the bottom wall 18c of the clutch outer 18. A movement
regulation portion 20 to be described below is configured
to abut this step portion 18f.
[0068] Further, a plurality (5 in this embodiment) of re-
cesses 115 are formed at uniform intervals in a circum-
ferential direction on an inner circumferential surface side
in the circumferential wall 18a of the clutch outer 18. The
recessed portion 115 has a shape formed by communi-
cation between the roller accommodating portion 115a
and the spring accommodating portion 115b.
[0069] The roller accommodating portion 115a is a por-
tion used to accommodate the clutch roller 111 and is
formed in such a manner that the depth thereof gradually
decreases in a direction opposite to the spring accom-
modating portion 115b, that is, a counterclockwise direc-
tion in FIG. 5 (a direction indicated by an arrow CCW in
FIG. 5).
[0070] On the other hand, the spring accommodating
portion 115b is a portion used to accommodate the coil
spring 112, and is formed in such a manner that the coil
spring 112 can be arranged in the circumferential direc-
tion. The coil spring 112 always biases the clutch roller
111 in the counterclockwise direction in FIG. 5.
[0071] The thrust plate 113 arranged on the opening
18b side of the clutch outer 18 is a member used to re-
ceive the thrust load and preventing the clutch roller 111
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or the coil spring 112 from falling out when the thrust load
in the falling-out direction from the clutch outer 18 is ap-
plied to the clutch roller 111 or the coil spring 112.
[0072] The thrust plate 113 is formed in substantially
a disk shape, and an insertion hole 113a into which the
clutch inner 22 can be inserted is formed at a center in
the diameter direction. Further, four anti-rotation grooves
113b are formed at uniform intervals in the circumferen-
tial direction in an outer circumferential circle of the thrust
plate 113. These anti-rotation grooves 113b are config-
ured to prevent the thrust plate 113 from rotating in the
circumferential direction, in cooperation with an anti-ro-
tation projection 116 of the clutch cover 114 to be de-
scribed below.
[0073] The clutch cover 114 covering the thrust plate
113 and the clutch outer 18 formed in this way from the
outside is attached from the opening 18b side of the
clutch outer 18.
[0074] The clutch cover 114 is formed in a bottomed
cylindrical shape, and is externally fitted to the clutch out-
er 18 in a state in which the bottom wall 114a is directed
to the opening 18b of the clutch outer 18. The clutch cover
114 is fixed to the clutch outer 18 by swaging a distal end
(the right end in FIG. 4) of the circumferential wall 114b
of the clutch cover 114.
[0075] Further, four anti-rotation projections 114c are
formed to project toward the thrust plate 113 in the bottom
wall 114a of the clutch cover 114. The anti-rotation pro-
jections 114c are arranged at uniform intervals in the cir-
cumferential direction on the outer circumferential side
of the bottom wall 114a. Further, the diameter of the anti-
rotation projection 114c is set to such a size that the anti-
rotation projection 114c can be inserted into the anti-ro-
tation groove 113b of the thrust plate 113. Accordingly,
the anti-rotation projection 114c and the anti-rotation
groove 113b cooperate to prevent rotation in the circum-
ferential direction of the thrust plate 113.
[0076] Further, an insertion hole 114d into which the
clutch inner 22 can be inserted is formed at a center in
the diameter direction in the bottom wall 114a of the
clutch cover 114. A substantially annular rib 114e is
formed to stand facing an outer side in an axial direction
in a peripheral edge of the insertion hole 114d. Accord-
ingly, rigidity of the bottom wall 114a of the clutch cover
114 is secured.
[0077] The clutch inner 22 is formed with a greater di-
ameter than the sleeve 18d of the clutch outer 18 and is
configured in such a manner that a gap K1 is formed
between the clutch inner 22 and the output shaft 4, as
shown in detail in FIG. 4. A return spring 21 to be de-
scribed below is inserted in a position corresponding to
the gap K1 of the output shaft 4.
[0078] Further, a reduced diameter portion 22b in
which a diameter of its outer circumferential surface is
reduced due a step is integrally molded from a place cor-
responding to the thrust plate 113 of the clutch inner 22
to the distal end (one side; the left side in FIG. 4). The
thrust plate 113 abuts a step surface 22c of this reduced

diameter portion 22b. Further, an end portion on a side
opposite to the reduced diameter portion 22b of the clutch
inner 22 abuts the bottom wall 18c of the clutch outer 18.
Accordingly, the clutch inner 22 is interposed in an axial
direction between the thrust plate 113 and the bottom
wall 18c of the clutch outer 18. Therefore, a relative po-
sition of the clutch outer 18 and the clutch inner 22 is
determined.
[0079] Further, the substantially ring-shaped move-
ment regulation portion 20 is externally fitted to one side
(the left side in FIG. 1) relative to the helical spline 19 in
a position corresponding to the gap K1 of the output shaft
4. The movement regulation portion 20 is in a state in
which movement to one side in the axial direction is reg-
ulated by a circlip 20a.
[0080] Further, the outer diameter of the movement
regulation portion 20 is set to such a size that the move-
ment regulation portion 20 can abut the step portion 18f
of the clutch outer 18. Accordingly, when the clutch mech-
anism 5 slides to one side, interference occurs between
the sleeve 18d of the clutch outer 18 and the movement
regulation portion 20. Accordingly, an amount of the slid-
ing movement to the one side of the clutch mechanism
5 is regulated.
[0081] Further, the return spring 21 inserted into the
output shaft 4 is compressed and deformed between the
movement regulation portion 20 and the sleeve 18d of
the clutch outer 18. Accordingly, the clutch outer 18 is
always biased to be pushed back toward the motor por-
tion 3.
[0082] In the clutch mechanism 5 configured in this
way, the pinion mechanism 70 is integrally provided in
the distal end of the clutch inner 22.

(Pinion mechanism)

[0083] The pinion mechanism 70 includes a cylindrical
pinion inner 71 which is integrally molded in the distal
end of the clutch inner 22. Two sliding bearings 72 and
72 which slidably supports the pinion inner 71 to the out-
put shaft 4 are provided on both sides in the axial direction
in the inner circumferential surface of the pinion inner 71.
[0084] Here, the outer circumferential surface thereof
is formed to gradually increase in diameter due to a step
from the pinion inner 71 to the clutch inner 22. In other
words, the pinion inner 71 includes a first cylindrical por-
tion 171 arranged on one side (the left side in FIG. 4),
and a second cylindrical portion 172 integrally molded
on the clutch inner 22 side of this first cylindrical portion
171 and having an outer diameter set to be greater than
the outer diameter of the first cylindrical portion 171. The
outer diameter of the second cylindrical portion 172 is
set to be the same as that of the reduced diameter portion
22b of the clutch inner 22. In other words, the outer cir-
cumferential surface of the second cylindrical portion 172
and the outer circumferential surface of the reduced di-
ameter portion 22b are smoothly connected.
[0085] Further, a helical spline 73 is formed in the outer
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circumferential surface of the first cylindrical portion 171.
The pinion gear 74 that can engage with the ring gear 23
of the engine (not shown) is helically spline-fitted to this
helical spline 73.
[0086] FIG. 6 is a partially enlarged view of the pinion
gear 74.
[0087] A helical spline 74a engaging with the helical
spline 73 is formed on one side (the left side in FIG. 4)
in the inner circumferential surface of the pinion gear 74,
as shown in FIGS. 4 and 6. Accordingly, the pinion gear
74 is provided to be slidable while slightly rotating on the
pinion inner 71.
[0088] Further, the pinion gear 74 includes a plurality
of helical teeth 174. A first tooth chamfered portion 174a
and a second tooth chamfered portion 174b are formed
at both ends in a circumferential direction in an end sur-
face on the ring gear 23 side of each helical tooth 174.
The first tooth chamfered portion 174a is formed forward
in the rotational direction (see an arrow Y1) of the pinion
gear 74, and the second tooth chamfered portion 174b
is formed backward in the rotational direction of the pinion
gear 74.
[0089] Further, a chamfering amount of the second
tooth chamfered portion 174b is set to be greater than
the chamfering amount of the first tooth chamfered por-
tion 174a.
[0090] Tooth grooves 174c are provided between the
plurality of helical teeth 174, and each tooth portion of
the ring gear 23 is slid into the tooth groove 174c through
the second tooth chamfered portion 174b due to rotation
in an arrow Y1 direction of the pinion gear 74. Accord-
ingly, when the pinion gear 74 and the ring gear 23 en-
gage with each other, the second tooth chamfered por-
tion 174b serves as a guide and the pinion gear 74 and
the ring gear 23 smoothly engage (details will be de-
scribed below).
[0091] Further, an increased diameter portion 75
whose diameter increases due to a step is formed on the
other side (the right side in FIG. 4) of the helical spline
74a in the inner circumferential surface of the pinion gear
74. An accommodating portion 76 is formed between the
first cylindrical portion 171 of the pinion inner 71 and the
pinion gear 74 due to this increased diameter portion 75.
An opening formed on the clutch mechanism 5 side of
the accommodating portion 76 is closed by the second
cylindrical portion 172 of the pinion inner 71.
[0092] In other words, the end portion on one side of
the pinion gear 74 is slidably supported on the first cylin-
drical portion 171, and the end portion on the other side
is slidably supported on the second cylindrical portion
172. Accordingly, the pinion gear 74 slides in the axial
direction without greatly backlashing with respect to the
pinion inner 71.
[0093] A pinion spring 11 formed to surround the outer
circumferential surface of the first cylindrical portion 171
is accommodated in the accommodating portion 76. The
pinion spring 11 is compressed and deformed by a step
surface 75a of the increased diameter portion 75 formed

in the pinion gear 74 and an end surface 172a of the
second cylindrical portion 172 of the pinion inner 71 in a
state in which the pinion spring 11 is accommodated in
the accommodating portion 76. Accordingly, the pinion
gear 74 is biased toward the ring gear 23 against the
pinion inner 71.
[0094] Further, a retaining ring 77 is provided in the
outer circumferential surface on one side (the left side in
FIG. 4) of the pinion inner 71. Accordingly, it is prevented
to falling out of the pinion gear 74 toward to one side of
the output shaft 4 with respect to the pinion inner 71.
[0095] On the other hand, the ring gear 23 includes a
plurality of helical teeth 123, similar to the pinion gear 74,
too. Here, torsional directions of the teeth of the ring gear
23 and the pinion gear 74 are set so that the thrust load
is applied in a direction plunging into the pinion gear 74
(the left direction in FIG. 4) in a state in which the pinion
gear 74 drives the ring gear 23, that is, a state in which
the ring gear 23 rotates at higher speed than the pinion
gear 74.

(Electromagnetic device)

[0096] A yoke 25 constituting an electromagnetic de-
vice 9 is internally fitted and fixed to the motor portion 3
in comparison with the clutch mechanism 5 in the inner
circumferential surface of the housing 17, as shown in
FIG. 1. The yoke 25 is formed in a bottomed cylindrical
shape formed of a magnetic material, and a center part
of a bottom portion 25a in the diameter direction is greatly
open. Further, an annular plunger holder 26 formed of a
magnetic material is provided in an end opposite to the
bottom portion 25a of the yoke 25.
[0097] An excitation coil 24 formed in a substantially
cylindrical shape is accommodated in an accommodat-
ing recessed portion 25b formed on an inner side in a
diameter direction by the yoke 25 and the plunger holder
26. The excitation coil 24 is electrically connected to an
ignition switch through a connector (none of which is
shown).
[0098] A plunger mechanism 37 is provided to be sli-
dable in the axial direction with respect to the excitation
coil 24 between the outer circumferential surface of the
excitation coil 24 and the inner circumferential surface of
the output shaft 4.
[0099] The plunger mechanism 37 includes a substan-
tially cylindrical switch plunger 27 formed of a magnetic
material, and a gear plunger 80 arranged between this
switch plunger 27 and the outer circumferential surface
of the output shaft 4.
[0100] The switch plunger 27 and the gear plunger 80
are provided in a concentric shape and provided to be
relatively movable in the axial direction. Further, a switch
return spring 27a is provided between the plunger holder
26 and the switch plunger 27. This switch return spring
27a is a member formed of a leaf spring member, and is
configured to bias the switch plunger 27 to the motor
portion 3 (the right side in FIG. 1) with respect to the
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plunger holder 26.
[0101] An outer flange portion 29 is integrally molded
in an end on the motor portion 3 side of the switch plunger
27. A switch shaft 30 stands in the axial direction through
the holder member 30a on an outer circumferential side
of this outer flange portion 29. This switch shaft 30 pen-
etrates the top plate 12 of the motor portion 3 and a brush
holder 33 to be described below. A movable contact plate
8 of the switch unit 7 arranged to be adjacent to the com-
mutator 61 of the brush direct current motor 51 is con-
nected to an end portion projecting from the top plate 12
of the switch shaft 30.
[0102] The movable contact plate 8 is slidably attached
in the axial direction with respect to the switch shaft 30
and is floatingly supported by the switch spring 32. The
movable contact plate 8 is configured to be movable to-
ward and away from the fixed contact plate 34 of the
switch unit 7 fixed to the brush holder 33 to be described
below.
[0103] The fixed contact plate 34 is divided into a first
fixed contact plate 34a arranged on an inner side in the
diameter direction that is a commutator 61 side, and a
second fixed contact plate 34b arranged on an outer side
in the diameter direction that is a side opposite to the
commutator 61, with the switch shaft 30 interposed ther-
ebetween. The movable contact plate 8 is configured to
abut and extend over the first fixed contact plate 34a and
the second fixed contact plate 34b. As the first movable
contact plate 8 abuts the fixed contact plate 34a and the
second fixed contact plate 34b, the first fixed contact plate
34a and the second fixed contact plate 34b are electri-
cally connected.
[0104] Further, a ring member 28 that abuts and sep-
arates from a gear plunger 80 to be described below is
integrally provided in the inner circumferential surface of
the switch plunger 27. The ring member 28 is a member
used to initially press the gear plunger 80 toward the ring
gear 23 when the switch plunger 27 moves toward the
ring gear 23.
[0105] Here, the clutch outer 18 of the clutch mecha-
nism 5 is biased toward the gear plunger 80 by the return
spring 21. Therefore, in a stop state of the starter 1 (the
upper part relative to a center line in FIG. 1), the clutch
mechanism 5 presses the switch plunger 27 against the
other side (the right side in FIG. 1) through the gear plung-
er 80 and the ring member 28. Accordingly, the movable
contact plate 8 is pressed to the other side and separated
from the fixed contact plate 34.
[0106] Further, when the distance between the fixed
contact plate 34 and the movable contact plate 8 is L2,
and the distance between the ring gear 23 and the pinion
gear 74 is L3 in a stop state of the starter 1, distances
L2 and L3 are set to satisfy: 

Accordingly, the pinion gear 74 begins to rotate immedi-
ately before the ring gear 23 and the pinion gear 74 en-
gage, such that the ring gear 23 and the pinion gear 74
easily engage (details will be described below).
[0107] The gear plunger 80 arranged on an inner side
in a diameter direction of the switch plunger 27 configured
in this way includes a plunger inner 81 arranged on an
inner side in a diameter direction, a plunger outer 85 ar-
ranged on an outer side in the diameter direction, and a
plunger spring 91 arranged between the plunger inner
81 and the plunger outer 85.
[0108] The plunger inner 81 is formed of a resin or the
like in a substantially cylindrical shape. The plunger inner
81 is formed with an inner diameter slightly greater than
the outer diameter of the output shaft 4 to be able to be
extrapolated to the output shaft 4. Accordingly, the plung-
er inner 81 is provided to be slidable in the axial direction
with respect to the output shaft 4.
[0109] An outer flange portion 82 overhanging on an
outer side in the diameter direction is integrally formed
in the end portion 81a on the clutch mechanism 5 side
of the plunger inner 81. When the plunger inner 81 slides
to the clutch mechanism 5, the end portion 81a of the
plunger inner 81 abuts the sleeve 18d of the clutch outer
18 and the clutch mechanism 5 and the pinion mecha-
nism 70 slide to the ring gear 23.
[0110] On the other hand, a claw portion 83 that
projects on an outer side in the diameter direction is pro-
vided in a plurality of places in a circumferential direction
in the end portion 81b on the motor portion 3 side of the
plunger inner 81. Further, a groove portion 84 is formed
in the circumferential direction on the clutch mechanism
5 side of the claw portion 83 in the plunger inner 81.
[0111] The plunger outer 85 is formed of a resin or the
like in a substantially cylindrical shape, similar to the
plunger inner 81. An inner diameter of the plunger outer
85 is set to be slightly greater than the outer diameter of
the outer flange portion 82 of the plunger inner 81 and is
inserted to the plunger inner 81 from the outside.
[0112] An inner flange portion 86 overhanging on an
inner side in the diameter direction is integrally formed
in the end portion 85a on the motor portion 3 side of the
plunger outer 85. An inner diameter of the inner flange
portion 86 is set to be smaller than the outer diameter of
the claw portion 83 of the plunger inner 81 and greater
than the outer diameter of the bottom portion of the
groove portion 84 of the plunger inner 81. The plunger
inner 81 and the plunger outer 85 are integrally formed
by arranging the inner flange portion 86 of the plunger
outer 85 in the groove portion 84 of the plunger inner 81.
[0113] Further, the thickness of the inner flange portion
86 of the plunger outer 85 is set to be smaller than the
width of the groove portion 84 of the plunger inner 81.
Accordingly, a clearance is provided between the inner
flange portion 86 of the plunger outer 85 and the groove
portion 84 of the plunger inner 81. Therefore, the plunger
inner 81 and the plunger outer 85 are relatively slidable
in the axial direction by the clearance between the inner
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flange portion 86 of the plunger outer 85 and the groove
portion 84 of the plunger inner 81.
[0114] Further, an outer flange portion 87 overhanging
on an outer side in the diameter direction is integrally
formed in the end portion 85a on the motor portion 3 side
of the plunger outer 85. The outer flange portion 87 func-
tions as an abutment portion abutting the ring member
28 of the switch plunger 27.
[0115] Further, a ring-shaped iron core 88 is provided
on the clutch mechanism 5 side of the outer flange portion
87 in the outer circumferential surface of the plunger outer
85. The iron core 88, for example, is integrally molded
with the plunger outer 85 through a resin mold. The iron
core 88 is configured to be attracted by a magnetic flux
generated when an electric current is applied to the ex-
citation coil 24.
[0116] An accommodating portion 90 is formed be-
tween the outer flange portion 82 of the plunger inner 81
and the inner flange portion 86 of the plunger outer 85.
The plunger spring 91 formed to surround the outer cir-
cumferential surface of the plunger inner 81 is accom-
modated in the accommodating portion 90.
[0117] The plunger spring 91 is compressed and de-
formed by the outer flange portion 82 of the plunger inner
81 and the inner flange portion 86 of the plunger outer
85 in a state in which the plunger spring 91 is accommo-
dated in the accommodating portion 90. The plunger in-
ner 81 is biased toward the clutch mechanism 5 and the
plunger outer 85 is in a state in which the plunger outer
85 is biased toward the motor portion 3.
[0118] Further, in the stop state of the starter 1 (a state
on the upper side relative to the center line in FIG. 1),
the end portion 81a on the clutch mechanism 5 side of
the plunger inner 81 and the end portion of the sleeve
18d of the clutch outer 18 are configured not to come in
contact with each other, as shown in FIG. 1. The clutch
outer 18 is pushed against the stopper 94 due to biasing
force of the return spring 21. Accordingly, in the stop state
of the starter 1, the clutch mechanism 5 is not extruded
by the biasing force of the plunger spring 91, that is, the
pinion mechanism 70 is not unintentionally extruded.
[0119] On the other hand, in a state in which an electric
current is applied to the starter 1 (a state shown below
the center line in FIG. 1), when the gear plunger 80 is
fully displaced toward the clutch mechanism 5, the end
portion 81a on the clutch mechanism 5 side of the plunger
inner 81 constantly abuts the sleeve 18d of the clutch
outer 18.
[0120] In other words, the plunger spring 91 is config-
ured to prevent a gap in the axial direction from being
formed between the clutch mechanism 5 and the gear
plunger 80 and absorb backlashing of the clutch mech-
anism 5.

(Brush holder)

[0121] Further, the brush holder 33 is provided on the
motor portion 3 side of the planetary gear mechanism 2.

Here, a cut-and-raised portion 34c integrally molded by
being bent in the axial direction is provided on the outer
circumferential side of the second fixed contact plate 34b.
An axial terminal 44a is provided to penetrate an outer
wall 33a of the brush holder 33 through an insertion hole
34d formed in this cut-and-raised portion 34c and project
to an outer side in the diameter direction of the starter 1.
[0122] Further, a terminal bolt 44b to which a positive
electrode of the battery that is not shown is electrically
connected is attached to a distal end on a projecting side
of the axial terminal 44a. Further, a cover 45 protecting
a periphery of the fixed contact plate 34 or the switch
shaft 30 is mounted on the brush holder 33. The brush
holder 33 and the cover 45 are fixed in a state in which
the brush holder 33 and the cover 45 are interposed be-
tween the motor yoke 53 and the housing 17. Four brush-
es 41 are arranged to be movable forward or backward
in the diameter direction around the commutator 61 in
the brush holder 33.
[0123] A brush spring 42 is provided on a base end
side of each brush 41. Each brush 41 is biased toward
the commutator 61 by this brush spring 42 and a distal
end of each brush 41 comes in sliding contact with a
segment 62 of the commutator 61.
[0124] The four brushes 41 include two positive elec-
trode-side brushes and two negative electrode-side
brushes, and the two positive electrode-side brushes are
connected to the first fixed contact plate 34a of the fixed
contact plate 34 through a pigtail that is not shown. On
the other hand, a positive electrode of the battery that is
not shown is electrically connected to the second fixed
contact plate 34b of the fixed contact plate 34 through
the terminal bolt 44b.
[0125] In other words, when the movable contact plate
8 abuts the fixed contact plate 34, the voltage is applied
to the two positive electrode-side brushes among the four
brushes 41 via the terminal bolt 44b, the fixed contact
plate 34, and the pigtail (not shown) such that an electric
current is applied to the coil 59.
[0126] Further, the two negative electrode-side brush-
es among the four brushes 41 are connected to a ring-
shaped center plate through a pigtail that is not shown.
The two negative electrode-side brushes among the four
brushes 41 are electrically connected to a negative elec-
trode of the battery through this center plate, the housing
17, and a car body that is not shown.

(Procedure of assembling the sliding bearing of the hous-
ing and the damper portion)

[0127] Next, a procedure of assembling the sliding
bearing 17d of the housing 17 and the damper portion
50 will be described based on FIGS. 1 and 2.
[0128] First, the rubber damper 50b is mounted on the
first escape groove in the bearing recessed portion 47 of
the housing 17 and grease is applied to the gap S1, as
shown in FIGS. 1 and 2. In this state, the flat washer 50a
is inserted into the bearing recessed portion 47 and the
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damper portion 50 is assembled.
[0129] Then, the sliding bearing 17d is pressed and
fixed to the bearing recessed portion 47 of the housing
17 in a state in which this damper portion 50 is assembled,
but the assembled damper portion 50 does not uninten-
tionally fall off since the diameter D4 of the flat washer
is set to be greater than the inner diameter D5 of the
sliding bearing 17d.

(Procedure of assembling the clutch mechanism and the 
pinion mechanism)

[0130] Next, a procedure of assembling the clutch
mechanism 5 and the pinion mechanism 70 will be de-
scribed based on FIGS. 1 and 3.
[0131] First, the sleeve 18d is inserted from the end
portion 104b on one side into the end portion 104b on
the one side of the output shaft 4 toward the sleeve 18d
of the clutch outer 18, as shown in FIGS. 1 and 3. The
helical spline 19 formed in the output shaft 4 and the
helical spline 18e formed in the sleeve 18d are helically
spline-fitted.
[0132] Then, the return spring 21 and the movement
regulation portion 20 are inserted in this order from the
end portion 104b on the one side of the output shaft 4,
and then the circlip 20a is attached to the output shaft 4
to prevent the movement regulation portion 20 from fall-
ing out of the output shaft 4.
[0133] Then, the clutch inner 22 is inserted into the end
portion 104b on the one side of the output shaft 4 from
the end portion 104b on the one side of the output shaft
4 toward the second cylindrical portion 172 of the clutch
inner 22. In a state in which the second cylindrical portion
172 abuts the bottom wall 18c of the clutch outer 18, the
clutch roller 111 is accommodated in the roller accom-
modating portion 115a of the clutch outer 18, and the coil
spring 112 is accommodated in the spring accommodat-
ing portion 115b.
[0134] Then, the thrust plate 113 is inserted from the
first cylindrical portion 171 of the clutch inner 22, and
abuts the step surface 22c of the clutch inner 22. The
opening 18b of the clutch outer 18 is closed by the thrust
plate 113.
[0135] Here, the reduced diameter portion 22b in which
the diameter of the outer circumferential surface is re-
duced due to a step is integrally molded on the distal end
side (the one side; the left side in FIG. 1) from a place
corresponding to the thrust plate 113 of the clutch inner
22. Further, the pinion inner 71 integrally molded in the
distal end of the clutch inner 22 includes the first cylin-
drical portion 171 arranged on the one side (the left side
in FIG. 1), and the second cylindrical portion 172 inte-
grally molded on the clutch inner 22 side of the first cy-
lindrical portion 171 and having an outer diameter set to
be greater than the outer diameter of the first cylindrical
portion 171. In other words, the clutch inner 22 and the
pinion inner 71 are formed so that the diameter is grad-
ually reduced toward the distal end due to the step.

Therefore, the thrust plate 113 can be inserted from the
first cylindrical portion 171 side of the clutch inner 22.
[0136] Then, the clutch cover 114 is attached from the
opening 18b of the clutch outer 18, and the bottom wall
114a of the clutch cover 114 abuts the thrust plate 113.
In this state, the clutch cover 114 is fixed to the clutch
outer 18 by swaging the distal end (the right edge in FIG.
4) of the circumferential wall 114b of the clutch cover
114. Accordingly, the assembly of the clutch mechanism
5 is completed.
[0137] Then, the pinion spring 11 and the pinion gear
74 are inserted into the first cylindrical portion 171 of the
pinion inner 71 in this order. The helical spline 73 formed
in the pinion inner 71 and the helical spline 74a formed
in the pinion gear 74 are helically spline-fitted. The re-
taining ring 77 is attached to the outer circumferential
surface on the one side (the left side in FIG. 4) of the
pinion inner 71 to prevent the pinion gear 74 from falling
out of the pinion inner 71. Accordingly, the assembly of
the pinion mechanism 70 is completed.

(Operation of the starter)

[0138] Next, an operation of the starter 1 will be de-
scribed.
[0139] As shown in the state shown above the center
line in FIG. 1, in the stop state of the starter 1 before the
electric current is applied to the excitation coil 24, the
clutch outer 18 biased by the return spring 21 is fully
biased toward the motor portion 3 (the right side in FIG.
1) in a state in which the clutch inner 22 integrally formed
with the pinion gear 74 is pulled. The clutch outer 18 of
the clutch mechanism 5 stops in a position in which the
clutch outer 18 abuts the stopper 94, and the pinion gear
74 and the ring gear 23 disengage.
[0140] Further, in the stop state of the starter 1, a slight
clearance is formed between the end portion 81a on the
one side of the clutch outer 18 and the sleeve 18d of the
plunger inner 81. Therefore, the clutch outer 18 is
pressed against the stopper 94 due to biasing force of
the return spring 21. Accordingly, it is possible to prevent
the clutch mechanism 5 from being extruded due to the
biasing force of the plunger spring 91 in the stop state of
the starter 1, that is, the pinion mechanism 70 from being
unintentionally extruded to the ring gear 23.
[0141] Further, the switch plunger 27 is pushed back
by the switch return spring 27a and moves to the motor
portion 3 (the right side in FIG. 1). The outer flange portion
29 of the switch plunger 27 stops in a state in which the
outer flange portion 29 abuts the top plate 12. Further,
the movable contact plate 8 of the switch shaft 30 stand-
ing on the outer flange portion 29 is spaced from the fixed
contact plate 34 and is electrically blocked.
[0142] When the ignition switch (not shown) of the car
is turned on from this state, the electric current is applied
to the excitation coil 24, the excitation coil 24 is excited,
and a magnetic path along which a magnetic flux passes
is formed in the switch plunger 27 and the gear plunger
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80. Accordingly, the switch plunger 27 and the gear
plunger 80 slide toward the ring gear 23 (the left side in
FIG. 3).
[0143] Here, in the stop state of the starter 1, a gap (an
axial clearance) between the switch plunger 27 and the
plunger holder 26 is set to be smaller than the gap (the
axial clearance) between the iron core 88 of the gear
plunger 80 and the plunger holder 26. Therefore, since
the attractive force generated in the switch plunger 27 is
greater than the attractive force generated in the gear
plunger 80, the switch plunger 27 slides ahead of the
gear plunger 80.
[0144] In this case, since the ring member 28 is inte-
grally provided in the inner circumferential surface of the
switch plunger 27, this ring member 28 presses the gear
plunger 80 to initially press the gear plunger 80 toward
the ring gear 23, and thus the switch plunger 27 and the
gear plunger 80 form one body and slide toward the ring
gear 23.
[0145] Further, in the clutch outer 18, the sleeve 18d
is helically spline-fitted to the output shaft 4 and abuts
the plunger inner 81 of the gear plunger 80. Here, an
inclination angle of the helical spline 19 of the output shaft
4 and the helical spline 18e of the clutch outer 18 is set,
for example, to about 16° with respect to the axial direc-
tion.
[0146] Therefore, when the switch plunger 27 and the
gear plunger 80 slide to the ring gear 23, the clutch outer
18 is extruded while slightly relatively rotating by an in-
clination angle of the helical spline 18e with respect to
the output shaft 4.
[0147] Further, the pinion mechanism 70 is extruded
to the ring gear 23 in conjunction with the sliding move-
ment of the gear plunger 80 through the clutch mecha-
nism 5. Further, when the switch plunger 27 is attracted
and slides toward the ring gear 23, the movable contact
plate 8 comes in contact with the fixed contact plate 34.
Here, since the movable contact plate 8 is floatingly sup-
ported to be able to be displaced in the axial direction
with respect to the switch shaft 30, pressing force of the
switch spring 32 is applied to the movable contact plate
8 and the fixed contact plate 34.
[0148] FIG. 7 is a cross-sectional view of the starter 1
when the movable contact plate 8 comes in contact with
the fixed contact plate 34.
[0149] Here, in the stop state of the starter 1 as shown
in FIG. 1, the distances L2 and L3 are set to satisfy Equa-
tion (1) when the distance between the fixed contact plate
34 and the movable contact plate 8 is L2 and the distance
between the ring gear 23 and the pinion gear 74 is L3.
Therefore, the pinion gear 74 does not engage with the
ring gear 23 at a time point at which the movable contact
plate 8 comes in contact with the fixed contact plate 34,
as shown in FIG. 7.
[0150] When the movable contact plate 8 comes in
contact with the fixed contact plate 34, a voltage of the
battery (not shown) is applied to the two positive elec-
trode-side brushes among the four brushes 41, and an

electric current is applied to the coil 59 through the seg-
ment 62 of the commutator 61.
[0151] Then, a magnetic field is generated in the ar-
mature core 58, and magnetic attractive or repulsive
force is generated between this magnetic field and the
permanent magnet 57 provided in the motor yoke 53.
Accordingly, the armature 54 begins to rotate. As the
armature 54 rotates, the rotational force of the rotation
shaft 52 of the armature 54 is transmitted to the output
shaft 4 through the planetary gear mechanism 2, and the
output shaft 4 begins to rotate.
[0152] As the output shaft 4 begins to rotate, the pinion
gear 74 begins to rotate. Further, as the switch plunger
27 and the gear plunger 80 slide toward the ring gear 23,
the pinion gear 74 is extruded to the ring gear 23 while
rotating.
[0153] In this case, if an engagement phase of the pin-
ion gear 74 and the ring gear 23 is shifted, the pinion
gear 74 comes in tooth-contact with the ring gear 23 and
does not engage. In this case, the pinion spring 11 ac-
commodated in the accommodating portion 76 of the pin-
ion mechanism 70 is compressed and deformed to give
biasing force directed to the ring gear 23 to the pinion
gear 74 while absorbing the shock of tooth contact of the
pinion gear 74 with the ring gear 23.
[0154] In other words, even when the pinion gear 74
comes in tooth-contact with the ring gear 23 and fails in
engagement, the pinion gear 74 continues to rotate in a
state in which the biasing force directed to the ring gear
23 is applied while abutting the ring gear 23. The pinion
gear 74 plunges into the ring gear 23 in a place at which
the engagement phase matches that of the ring gear 23.
[0155] Thus, even in a state in which the pinion gear
74 comes in tooth contact with the ring gear 23, the switch
plunger 27 can be extruded to a predetermined position,
abrasion of the ring gear 23 and the pinion gear 74 due
to the tooth contact can be suppressed, and improvement
of durability of the starter 1 can be achieved. Further,
since the pinion gear 74 is extruded to the ring gear 23
while rotating, the pinion gear 74 easily engages with the
ring gear 23.
[0156] FIG. 8 is a view showing an operation when the
pinion gear 74 engages with the ring gear 23. Further, in
FIG. 8, an arrow Y2 indicates a rotational direction of the
pinion gear 74. An arrow Y3 indicates a rotational direc-
tion of the ring gear 23. Further, the rotational direction
(arrow Y2) of the pinion gear 74 shown in FIG. 8 and the
rotational direction indicated by an arrow Y1 shown in
FIG. 6 correspond to each other.
[0157] When the engagement phases of the ring gear
23 and the pinion gear 74 match, the pinion gear 74 is
extruded toward the ring gear 23, as shown in FIG. 8. In
this case, since the second tooth chamfered portion 174b
is formed backward in the rotational direction (see Y1 in
FIG. 6 and the arrow Y2 in FIG. 8) in the helical tooth 174
of the pinion gear 74, the second tooth chamfered portion
174b serves as a guide and the pinion gear 74 smoothly
engages with the ring gear 23.
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[0158] Further, since the first tooth chamfered portion
174a is formed forward in the rotational direction in the
helical tooth 174, when the pinion gear 74 plunges into
the ring gear 23, it is possible to reduce the load when
the distal end portion in the rotational direction of the
helical tooth 174 of the pinion gear 74 and the helical
tooth 123 of the ring gear 23 collide, and to improve the
durability of the respective helical teeth 173 and 174.
[0159] Here, a chamfering amount of the second tooth
chamfered portion 174b is set to be greater than a cham-
fering amount of the first tooth chamfered portion 174a.
Therefore, it is possible to cause the second tooth cham-
fered portion 174b to sufficiently function as the guide
and it is possible to improve the durability of the pinion
gear 74 itself by making the first tooth chamfered portion
174a small.
[0160] As shown in FIG. 1, when the rotational speed
of the output shaft 4 increases after the pinion gear 74
engages with the ring gear 23, inertial force is applied to
the clutch outer 18 engaging with the helical spline 19 of
the output shaft 4. In this case, since the pinion gear 74
and the ring gear 23 helically engage, thrust force is gen-
erated in a ring gear 23 direction (plunging direction) in
the pinion gear 74. Therefore, the pinion gear 74 moves
to the ring gear 23 (the left side in FIG. 1) against the
biasing force of the return spring 21 along the helical
spline 19 due to this thrust force.
[0161] Further, the clutch outer 18 is extruded toward
the ring gear 23 (the left side in FIG. 1) against the biasing
force of the return spring 21 along the helical spline 19
due to the inertial force.
[0162] In this case, attractive force directed to the ring
gear 23 is applied to the gear plunger 80. Therefore, the
gear plunger 80 slides toward the ring gear 23 while
pressing the clutch outer 18 to be in conjunction with
sliding of the clutch outer 18. Accordingly, the pinion gear
74 and the ring gear 23 engage in a predetermined en-
gagement position.
[0163] Then, the rotational force of the output shaft 4
is transmitted to the ring gear 23 through the pinion gear
74.
[0164] The ring gear 23 rotates a crankshaft that is not
shown and starts up the engine.
[0165] When the engine starts up and the rotational
speed of the pinion gear 74 exceeds the rotational speed
of the output shaft 4, a one-way clutch function of the
clutch mechanism 5 acts and the pinion gear 74 idly ro-
tates. Further, when the application of an electric current
to the excitation coil 24 stops with the startup of the en-
gine, the pinion gear 74 disengages from the ring gear
23 and the movable contact plate 8 is separated from the
fixed contact plate 34 due to the biasing force of the return
spring 21 against the clutch outer 18, such that the brush
direct current motor 51 stops. Accordingly, an operation
of the starter 1 is completed.
[0166] Here, since the pinion gear 74 and the ring gear
23 helically engage as shown in FIGS. 1 and 8, when the
rotational force of the output shaft 4 is transmitted from

the pinion gear 74 to the ring gear 23, the thrust load is
applied to the pinion gear 74 in the plunging direction
(the left side in FIGS. 1 and 8) (see an arrow Y4 in FIG.
1 and an arrow Y5 in FIG. 8).
[0167] After the thrust load applied to the pinion gear
74 is transmitted to the retaining ring 77 provided on one
side (the left side in FIG. 1) of the pinion gear 74, the
thrust load is transmitted to the output shaft 4 through
the pinion inner 71, the clutch inner 22, the clutch outer
18, the movement regulation portion 20, and the circlip
20a. Therefore, the thrust load is applied to the output
shaft 4 in the plunging direction (the one side) of the pinion
gear 74, and the output shaft 4 slides in the plunging
direction of the pinion gear 74.
[0168] Further, a speed difference between the rota-
tional speed of the ring gear and the rotational speed of
the pinion gear is repeatedly reversed when the crank-
shaft that is not shown passes through a top dead center
and a bottom dead center while the pinion gear 74 en-
gages with the ring gear 23 to start up the engine. In such
a case, a direction of the thrust load applied to the output
shaft 4 is also repeatedly reversed.
[0169] In other words, when the rotational speed of the
pinion gear 74 exceeds the rotational speed of the ring
gear 23, the thrust load is applied to the output shaft 4
toward one side, and the output shaft 4 slides toward the
one side, as described above.
[0170] On the other hand, when the rotational speed
of the ring gear 23 exceeds the rotational speed of the
pinion gear 74, the thrust load is applied to the pinion
gear 74 in a direction disengaging from the ring gear 23
(see an arrow Y6 in FIG. 1 and an arrow Y7 in FIG. 8).
[0171] The thrust load applied to the pinion gear 74 is
transmitted to the output shaft 4 through the pinion spring
11, the pinion inner 71, the clutch inner 22 and the clutch
outer 18. Therefore, the thrust load is applied to the output
shaft 4 in a disengagement direction (the other side) of
the pinion gear 74, and the output shaft 4 slides in the
disengagement direction of the pinion gear 74. When this
is repeated, the thrust load of the output shaft 4 is repeat-
edly applied to the bottom portion 17c of the housing 17.
[0172] However, since the damper portion 50 including
the flat washer 50a and the rubber damper 50b is pro-
vided in the bottom portion 17c of the housing 17 as
shown in FIG. 2, the flat washer 50a receives the thrust
load of the output shaft 4 and regulates movement of the
output shaft 4. Further, shock when the end portion 104b
on the one side of the output shaft 4 abuts the flat washer
50a is mitigated by the rubber damper 50b.

(Effects)

[0173] Therefore, according to the first embodiment
described above, even when the ring gear 23 and the
pinion gear 74 helically engage, it is possible to effectively
mitigate shock in the axial direction from the output shaft
4 to the housing 17 while regulating the movement of the
output shaft 4 using the damper portion 50 provided in
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the bottom portion 17c of the housing 17. Further, it is
possible to prevent the end portion 104b on the one side
of the output shaft 4 and the bottom portion 17c of the
housing 17 from coming in direct sliding contact. There-
fore, it is possible to provide the starter 1 having excellent
durability while suppressing an increase in the cost or
size of the housing 17.
[0174] Further, it is possible to reliably reduce noise
when the starter 1 is driven, using the rubber damper 50b.
[0175] Further, the damper portion 50 can have a sim-
ple structure when the damper portion 50 is formed of
the flat washer 50a and the rubber damper 50b.
[0176] Further, the bearing recessed portion 47 is
formed in the bottom portion 17c of the housing 17, the
sliding bearing 17d is pressed and fixed to the inner cir-
cumferential surface 47a of this bearing recessed portion
47, and the damper portion 50 is arranged in the gap S1
formed between the end portion on one side (the left side
in FIG. 2) of the sliding bearing 17d and the bottom portion
47b of the bearing recessed portion 47. The diameter D4
of the flat washer 50a is set to be greater than the inner
diameter D5 of the inner circumferential surface 47a of
the bearing recessed portion 47. Therefore, it is possible
to prevent the flat washer 50a from falling off the bottom
portion 17c using the sliding bearing 17d. Thus, with the
simple structure, it is possible to fix the damper portion
50 to the bottom portion 17c of the housing 17.
[0177] It is possible to easily form the flat washer 50a
since the flat washer 50a is formed by performing press
working on the metal plate. Further, the first escape
groove 47c is formed in a position corresponding to the
outer peripheral edge portion of the flat washer 50a in
the bottom portion 47b of the bearing recessed portion
47. Therefore, it is possible to prevent the width W1 (see
FIG. 1) of the gap S1 from needlessly increasing. Further,
it is possible to prevent one surface of the flat washer
50a from abutting the bottom portion 47b of the bearing
recessed portion 47 and the flat washer 50a from being
bent unnecessarily when the flat washer 50a is bent un-
der the thrust load of the output shaft 4. It is possible to
prevent wear of the bottom portion 47b due to the burrs
formed in the outer peripheral edge portion of the flat
washer 50a.
[0178] Further, the first escape groove 47c of the bear-
ing recessed portion 47 functions as the accommodating
portion that accommodates the rubber damper 50b.
Therefore, it is possible to easily attach the rubber damp-
er 50b while positioning the rubber damper 50b. Further,
it is possible to prevent the width W1 of the gap S1 from
needlessly increasing by forming the first escape groove
47c.
[0179] Further, the second escape groove 47d having
a substantially circular shape when viewed in a plan view
is formed in the position corresponding to the inner pe-
ripheral edge portion of the flat washer 50a in the bottom
portion 47b of the bearing recessed portion 47. There-
fore, this flat washer 50a and the bottom portion 47b of
the bearing recessed portion 47 can come into surface

contact when the flat washer 50a is bent. As a result, the
thrust load of the output shaft 4 can be reliably received
by the flat washer 50a. Further, it is possible to prevent
wear of the bottom portion 47b due to burrs formed in
the inner peripheral edge portion of the flat washer 50a.
[0180] Further, the distances L2 and L3 are set to sat-
isfy Equation (1) when the distance between the fixed
contact plate 34 and the movable contact plate 8 is L2
and the distance between the ring gear 23 and the pinion
gear 74 is L3 in the stop state of the starter 1. Therefore,
the pinion gear 74 can be rotated before the ring gear 23
and pinion gear 74 engage. Thus, the ring gear 23 and
the pinion gear 74 can easily engage.
[0181] Further, since the second tooth chamfered por-
tion 174b is formed backward in a rotational direction
(see Y1 in FIG. 6 and the arrow Y2 in FIG. 8) in the helical
tooth 174 of the pinion gear 74, the second tooth cham-
fered portion 174b serves as a guide and the pinion gear
74 can engage with the ring gear 23 more smoothly. Fur-
ther, the first tooth chamfered portion 174a is formed for-
ward in the rotational direction in the helical tooth 174 of
the pinion gear 74. Therefore, when the pinion gear 74
plunges into the ring gear 23, it is possible to reduce a
load when a distal end portion in the rotational direction
of the helical tooth 174 of the pinion gear 74 and the ring
gear 23 collide, and to improve durability of the respective
helical teeth 173 and 174.

(Second embodiment)

[0182] Next, a second embodiment of the present in-
vention will be described based on FIG. 9. Further, the
same aspects as those in the first embodiment are de-
noted with the same reference signs, which will be de-
scribed.
[0183] FIG. 9 is an enlarged view of a bottom portion
117c of a housing 117 in the second embodiment, and
corresponds to FIG. 2.
[0184] As shown in FIG. 9, even in the second embod-
iment, a bearing recessed portion 147 having a substan-
tially circular sectional shape is formed coaxially with an
output shaft 4 in the bottom portion 117c of the housing
117, as in the first embodiment described above. Further,
a second inner circumferential surface 147b having a
more reduced diameter due to a step in comparison with
a first inner circumferential surface 147a is provided on
the bottom portion 117c side in the first inner circumfer-
ential surface 147a of the bearing recessed portion 147.
A first step portion 147c is formed between the first inner
circumferential surface 147a and the second inner cir-
cumferential surface 147b. A sliding bearing 17d is
pressed and fixed to the first inner circumferential surface
147a so that one end side abuts the first step portion
147c. This sliding bearing 17d is a radial bearing which
rotatably supports the end portion 104b on one side (the
left side in FIG. 1) of the output shaft 4. Further, a con-
figuration or a function of the sliding bearing 17d is com-
mon to the first embodiment described above.
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[0185] On the other hand, a third inner circumferential
surface 147d formed with a more reduced diameter due
to a step in comparison with the second inner circumfer-
ential surface 147b is formed on the bottom portion 117c
side of the housing 117 in the second inner circumferen-
tial surface 147b. A second step portion 147e including
an annular projection is formed between the second inner
circumferential surface 147b and the third inner circum-
ferential surface 147d. Further, a bottom portion of the
third inner circumferential surface 147d (a bottom portion
117c of the housing 117) is configured as a bottom portion
147g of the bearing recessed portion 147.
[0186] Further, a length L1 of the sliding bearing 17d
is set to be smaller than a depth H3 of the bearing re-
cessed portion 147. In other words, a depth (L1) from an
opening edge of the bearing recessed portion 147 to the
first step portion 147c is set to be smaller than a depth
H3 of the bearing recessed portion 147. Therefore, a gap
S2 is formed between an end portion on the one side of
the sliding bearing 17d (the left side in FIGS. 2 and 9)
and the bottom portion 147g of the bearing recessed por-
tion 147. A damper portion 150 is arranged in this gap S2.
[0187] The damper portion 150 is a member used to
reduce shock due to a thrust load applied from the output
shaft 4 to the bottom portion 117c of the housing 117.
The damper portion 150 includes a flat washer 150a func-
tioning as a damper means and a load receiving member,
and a rubber damper 150b functioning as an elastic mem-
ber.
[0188] Further, since the structure of the flat washer
150a is common to the first embodiment described
above, a detailed description thereof is omitted, but the
flat washer 150a is formed to such a thickness that the
flat washer 150a can be arranged between the end por-
tion 104b on one side of the output shaft 4 and the second
step portion 147e of the bearing recessed portion 147.
Further, a diameter D7 of the flat washer 150a is set to
be substantially equal to or slightly smaller than the di-
ameter of the second inner circumferential surface 147b
of the bearing recessed portion 147. Accordingly, the flat
washer 150a can be arranged in the gap S2. Further, the
diameter D7 of the flat washer 150a is set to be greater
than an inner diameter D5 of the sliding bearing 17d.
Accordingly, in a state in which the sliding bearing 17d
is pressed against the first inner circumferential surface
147a of the housing 17, the flat washer 150a and the
rubber damper 150b do not fall off the housing 17.
[0189] The flat washer 150a formed in this way is ar-
ranged in a state in which burrs generated when press
working is performed are directed to the second step por-
tion 147e of the bearing recessed portion 147.
[0190] Here, an annular recessed portion 147f is
formed on an outer diameter side of the second step por-
tion 147e, that is, in a connection portion of the second
inner circumferential surface 147b and the second step
portion 147e. Therefore, the burrs of the flat washer 50a
are accommodated in this annular recessed portion 147f,
and thus the bearing recessed portion 147 of the housing

117 can be prevented from being damaged due by the
burrs.
[0191] The rubber damper 150b is arranged between
the flat washer 150a and the bottom portion 147g of the
bearing recessed portion 147. The rubber damper 150b
is molded by pouring a rubber material into a die and is
formed in a substantially cylindrical shape. A gate mark
generated when a rubber material is poured at the time
of molding is present at a substantially center in the di-
ameter direction in the bottom surface 150e of the rubber
damper 150b. Further, it is preferable for the material of
the rubber damper 150b to be similar to that in the first
embodiment described above.
[0192] An outer circumferential surface 150c of the rub-
ber damper 150b is set to be slightly smaller than the
inner diameter of the third inner circumferential surface
147d.
[0193] Further, an annular projection 150d is formed
on the bottom portion 117c side of the housing 117 in the
outer circumferential surface 150c of the rubber damper
150b. As this projection 150d is slightly pressed against
the third inner circumferential surface 147d, the rubber
damper 150b is mounted on the bearing recessed portion
147. As the projection 150d is formed in the outer cir-
cumferential surface 150c of the rubber damper 150b,
the rubber damper 150b is prevented from falling off at
the time of assembly.
[0194] Here, a third escape groove 147h is formed be-
tween the third inner circumferential surface 147d of the
bearing recessed portion 147 and the outer circumferen-
tial surface 150c of the rubber damper 150b. This third
escape groove 147h functions as an accommodating
portion that accommodates the rubber damper 150b.
Further, the formation of the third escape groove 147h
can make it easy to assemble the rubber damper 150b
into the third inner circumferential surface 147d.
[0195] With such a configuration, a bending amount
when the flat washer 150a receives the thrust load of the
output shaft 4 can be reduced by the rubber damper 150b
and the second step portion 147e of the bearing recessed
portion 147. In other words, when the flat washer 150a
is bent under the thrust load of the output shaft 4, one
surface of the flat washer 150a abuts the second step
portion 147e of the bearing recessed portion 147, and
thus, a space of the third escape groove 147h allows
expansion to an outer side in the diameter direction due
to compression of the rubber damper 150b, and an
amount of compression in the axial direction is regulated.
Accordingly, it is possible to prevent the flat washer 150a
from being bent unnecessarily.
[0196] Further, a fourth escape groove 147i having a
substantially circular shape when viewed in a plan view
is formed at substantially a center part in a diameter di-
rection in the bottom portion 147g of the bearing recessed
portion 147. In other words, the fourth escape groove
147i having a substantially circular shape when viewed
in a plan view is formed in a position corresponding to
the central portion of the rubber damper 150b in the bot-
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tom portion 147g of the bearing recessed portion 147.
[0197] As the fourth escape groove 147i is formed,
grease can be stored, as in the first embodiment de-
scribed above. Further, the fourth escape groove 147i
functions as an accommodating portion that accommo-
dates a gate mark that is in the bottom surface 150e of
the rubber damper 150b described above.
[0198] Further, grease for reducing friction at the time
of sliding-contact of the flat washer 150a and the end
portion 104b on the one side of the output shaft 4 is ap-
plied to the gap S2. Even in the second embodiment,
since grease including the same kind of base oil as lu-
bricant oil impregnated in the sliding bearing 17d is adopt-
ed for such grease, the lubricant oil of the sliding bearing
17d can be held for a long period of time.
[0199] Further, the present invention is not limited to
the above-described embodiments, and includes various
variations of the above-described embodiments without
departing from the spirit or scope of the present invention.
[0200] For example, the above-described starter 1 is
applicable to a startup purpose of a car, a motorcycle, or
the like.
[0201] Further, the case in which the damper portion
50 includes the flat washer 50a and the rubber damper
50b has been described in the first embodiment de-
scribed above. Further, the case in which the damper
portion 150 includes the flat washer 150a and the rubber
damper 150b has been described in the second embod-
iment described above. However, the present invention
is not limited thereto, and a configuration in which shock
in the axial direction from the output shaft 4 to the housing
17 can be mitigated while receiving the thrust load of the
output shaft 4 and regulating movement of the output
shaft 4 may be adopted. For example, a sponge may be
used in place of the rubber dampers 50b and 150b.
[0202] Further, the case in which the distances L2 and
L3 are set such that L2<L3 when the distance between
the fixed contact plate 34 and the movable contact plate
8 is L2 and the distance between the ring gear 23 and
the pinion gear 74 is L3 in the stop state of the starter 1
has been described in the above-described embodi-
ments. However, the present invention is not limited
thereto, the distances L2 and L3 may be set such that
L2>L3 when the distance between the fixed contact plate
34 and the movable contact plate 8 is L2 and the distance
between the ring gear 23 and the pinion gear 74 is L3 in
the stop state of the starter 1, and the pinion gear 74 may
abut the ring gear and then the pinion gear 74 may rotate.

Claims

1. A starter comprising:

a motor portion that generates rotational force
through application of an electric current;
an output shaft that receives the rotational force
of the motor portion and rotates;

a housing that rotatably supports an end portion
on at least one side of the output shaft;
a pinion gear that is provided to be slidable on
the output shaft and is capable of helically en-
gaging with a ring gear of the engine;
a clutch mechanism that is provided between
the output shaft and the pinion gear and trans-
mits the rotational force of the output shaft to the
pinion gear;
a movement regulation portion that is provided
in the output shaft, and regulates sliding of the
pinion gear and the clutch mechanism by a pre-
determined value or more toward the one side;
and
an electromagnetic device that applies and
blocks an electric current to the motor portion
and biases pressing force directed to the ring
gear to the pinion gear through the clutch mech-
anism,
wherein a damper means that mitigates shock
in an axial direction from the output shaft to the
housing is provided between the housing and
the end portion on the one side of the output
shaft.

2. The starter according to claim 1,
wherein the damper means includes a load receiving
member that abuts the end portion on the one side
of the output shaft; and an elastic member provided
between the load receiving member and the housing.

3. The starter according to claim 2,
wherein the load receiving member is a flat washer,
and
the elastic member includes an annular rubber ma-
terial.

4. The starter according to claim 2,
wherein the load receiving member is a flat washer,
and
the elastic member includes a cylindrical rubber ma-
terial.

5. The starter according to any one of claims 2 to 4,
wherein the end portion of at least the one side of
the output shaft is rotatably supported on the housing
through a radial bearing,
the movement in a falling-out direction of the load
receiving member is regulated by the radial bearing,
and
the elastic member is arranged between the load
receiving member and the housing.

6. The starter according to any one of claims 3 to 5,
wherein the flat washer is formed by performing
press working on a metal plate,
the housing includes a bottom portion arranged in a
state in which one surface of the flat washer is ca-
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pable of abutting the one side of the output shaft, and
an escape portion is formed to be recessed toward
the one side in a position corresponding to a periph-
eral edge portion of the flat washer of the bottom
portion.

7. The starter according to any one of claims 3 to 5,
wherein the flat washer is formed by performing
press working on a metal plate,
the housing includes a step portion arranged in a
state in which one surface of the flat washer is ca-
pable of abutting the one side of the output shaft, and
a recessed portion is formed to be recessed toward
the one side in a position corresponding to a periph-
eral edge portion of the flat washer of the step por-
tion.

8. The starter according to claim 6,
wherein the elastic member is arranged in the es-
cape portion.

9. The starter according to claim 7,
wherein the housing includes a bottom portion on
the one side of the output shaft, and
the elastic member is arranged between the bottom
portion and the step portion.

10. The starter according to any one of claims 1 to 9,
wherein the electromagnetic device is provided co-
axially with the output shaft.
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