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Description

BACKGROUND OF THE INVENTION
1. Field of the Invention:

The present invention relates to a starter which
starts an engine and, more particularly, to a starter
which has a pinion pushing structure and a pinion
retreat restricting structure separately for assuring
engagement of a pinion gear with an engine ring gear.

2. Description of Related Art:

A starter is known as disclosed in Japanese Utility
Model Examined Publication No. 51-52647.

This starter is provided with a tube that is fitted on
the outer periphery of an armature rotary shaft through
a helical spline and a drive ring that is fitted slidably over
the outer periphery of this tube. When a pinion gear has
meshed with a ring gear, a ball received in the tube fits
in a recess formed in an output shaft. The drive ring reg-
ulates the outer periphery of this ball and thereby
restricts the ball from being drawn off from the recess,
whereby it is possible to restrict the retreat of the pinion.
On the other hand, after the engine is started, the drive
ring moves on and along the outer periphery of the tube
and as a result ceases to regulate the ball, with the
result that the ball having been regulated is drawn off
from the recess due to the centrifugal force to thereby
enable the retreat of the pinion gear.

However, in this starter, since a one-way clutch is
interposed between the tube receiving the ball therein
and the pinion gear, even when the pinion gear is
rotated at high speeds by the ring gear after the start of
the engine, the rotation of the pinion gear is not trans-
mitted to the tube and the tube is rotated in synchronism
with the rotary shaft. That is, since the rotation of the
tube is small compared to the rotation of the pinion gear,
the centrifugal force that acts on the ball is also small,
with the result that the ball becomes unlikely to get off
from the recess, whereby insufficient return of the pinion
gear occurs.

Another conventional starter is known as disclosed
in Japanese Patent Unexamined publication No. 58-
178865. In this starter, a pinion gear and a one-way
clutch are separated so that only the pinion gear may
move along an output shaft. This starter is so con-
structed that, after the pinion gear is moved to the side
end of a ring gear by the operational force (attraction
force) of an electromagnet switch, the pinion gear is
engaged with the ring gear by the reaction force stored
in an engagement biasing spring force. This construc-
tion greatly reduces a mass weight of a moving member
which is moved by the electromagnet switch and the
engagement biasing spring, in comparison with a
starter having the construction in which a pinion gear
and a one-way clutch are moved together. As a result,
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the loading to the engagement biasing spring and the
attraction force of the electromagnet switch can be
reduced, thus advantageously reducing the electromag-
net switch in size. Particularly in a reduction type starter
in which the rotation of an electric motor is speed-
reduced to be transmitted to an output shaft, the loading
to an engagement biasing spring can be reduced more
greatly because the pinion gear starts to rotate slowly.

In the starter so constructed that the pinion gear
and the one-way clutch are separated to move only the
pinion along the output shaft, however, pinion gear
retreating force will exert on the teeth of helical splines
formed respectively on the inner periphery of the pinion
gear and the outer periphery of the output shaft when
the ring gear rotation speed exceeds the pinion gear
rotation speed due to rotation speed variations caused
at the time of driving the engine. The loading onto the
engagement biasing spring restricts the retreat of the
pinion gear. Therefore, with the loading of the engage-
ment biasing spring being smaller than the retreat force
exerting on the pinion gear, the engagement of the pin-
ion gear with the engine ring gear is released before the
engine starts combustion thus causing misfires.

Even though the loading on the engagement bias-
ing spring can be reduced to reduce the electromagnet
switch in size, the reduction in the loading on the
engagement biasing spring is limited due to necessity
for restricting the retreat of the pinion gear. Thus, great
advantage cannot be provided in the reduction in size of
the electromagnet switch.

SUMMARY OF THE INVENTION

The present invention has an object to provide a
starter which obviates the foregoing drawbacks of the
conventional starter.

The present invention has another object to provide
a starter which has a structure for restricting the insuffi-
cient return of a pinion gear after an engine start.

The present invention has a further object to pro-
vide a starter in which loading onto a spring for produc-
ing biasing force to engage a pinion gear with a ring
gear can be reduced so that an electromagnet switch
may be reduced in size.

According to one aspect of the present invention, a
starter is provided with a pinion pushing member and a
pinion retreat restricting member separately. At least the
pinion pushing member is driven by an electromagnet
switch for pushing forward a pinion for meshing engage-
ment with an engine ring gear. The pinion retreat
restricting member is constructed to restrict retreat of
the pinion after meshing engagement with the ring gear
without requiring the pinion pushing member to restrict
the pinion from retreating.

According to another aspect of the present inven-
tion, a starter is so constructed that, when a hollow
cylindrical member of a pinion moving member is
moved by a prescribed distance and as a result a pinion
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gear meshes with an engine ring gear, an engagement
member engaged with a retaining portion formed on an
output shaft is retained by the hollow cylindrical member
that rotates integrally with the pinion gear. When the
pinion gear is rotated at high speeds by the ring gear
after the engine is started, the hollow cylindrical mem-
ber also rotates at high speeds integrally with the pinion
gear. Thus, when the regulation of the engagement
member by a regulation member is released, the centrif-
ugal force that occurs due to the high speed rotation of
the hollow cylindrical member acts on the engagement
member, with the result that the engagement member
can reliably be disengaged from a retaining portion. As
a result of this, after the start of the engine, the pinion
gear can retreat on the output shaft along a helical
spline and return to its rest position.

Preferably, a stepped portion extends from a large
diameter portion on the output shaft to a small diameter
portion thereon. Thus, the necessity of forming a recess
in the output shaft in which the engagement member fits
as in the prior art is eliminated.

Preferably, the pinion moving member is structurally
arranged to move through a ball bearing, relative rota-
tions occur between an inner and an outer rings when
the hollow cylindrical member rotates jointly with the
pinion gear. That is, even when the inner ring fitted over
the outer periphery of the hollow cylindrical member
rotates at high speeds after the engine is started, the
outer ring can stay at rest, with the result that no slide
friction occurs between the outer ring and a pinion driv-
ing lever. Thus, the lever is required merely to have only
a rigidity high enough to advance and retreat the pinion
through the ball bearing.

According to a further aspect of the present inven-
tion, in a starter in which reaction force stored in a
spring is transmitted to a pinion pushing member to
engage a pinion gear with a ring gear when rotating
force of an electric starting motor is transmitted to an
output shaft and the pinion gear rotates to a position
where the pinion gear engages the ring gear, a pinion
retreat restricting member is provided for restricting in
cooperation with a plunger the pinion gear from retreat-
ing after the meshing engagement of the pinion gear
with the ring gear. Thus, even when retreating force
exerts on the pinion gear due to rotation speed varia-
tions caused at the time of driving an engine, the pinion
gear can be restricted from retreating by the pinion
retreat restricting member. That is, because the pinion
pushing member on which the reaction force of the
spring exerts is not required to restrict the retreat of the
pinion gear, the spring loading can be reduced greatly
and the electromagnet switch can be reduced in size in
comparison with a conventional starter in which retreat
of a pinion gear is restricted by loading to an engage-
ment biasing spring.

Preferably, the starter is provided further with a
speed reduction mechanism for reducing rotation of the
electric starting motor to transmit the same to the output
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shaft. Thus, in comparison with a starter having no
reduction mechanism, the pinion gear starts to rotate
slowly and the loading of the spring can be reduced
more.

BRIEF DESCRIPTION OF THE DRAWINGS

Other objects, features and advantages of the
present invention will become more apparent from the
following detailed description when read in conjunction
with the accompanying drawings, in which:

Fig. 1 is a side view illustrating, partly in cross sec-
tion, a starter according to the first embodiment of
the present invention;

Fig. 2 is a partial sectional view illustrating a pinion
disengagement restriction mechanism used in the
starter shown in Fig. 1;

Fig. 3 is a front view illustrating a lever and a ball
bearing used to drive a pinion in the starter shown
in Fig. 1;

Fig. 4 is a cross sectional view of a starter accord-
ing to the second embodiment of the present inven-
tion;

Fig. 5 is a front view of the starter shown in Fig. 4
and viewed from the front side under the condition
that a front casing is removed;

Fig. 6 is a perspective view of a pinion retreat
restricting member of the starter shown in Fig. 4;
Fig. 7 is a cross sectional view of a main part of the
starter shown in Fig. 4 under the condition in which
a pinion gear is in meshing engagement with a ring
gear; and

Fig. 8 is a wiring diagram of a power supply circuit
for a starting motor shown in Fig. 4.

DETAILED DESCRIPTION OF PRESENTLY PRE-
FERRED EMBODIMENTSs

The present invention will be described with refer-
ence to two embodiments in which the same or similar
parts are designated by the same reference numerals.

(First Embodiment)

A starter 1 is composed of, as shown in Fig. 1, an
electric starting motor 2 that generates a rotating force
upon receipt of electric power, an output shaft 3 that
rotates upon receipt of the rotating force of the motor 2,
a pinion moving member 4 that is fitted onto an outer
periphery of the output shaft 3 through a helical spline
3b, a planetary gear reduction mechanism (described
later) for reducing the rotating speed of the motor 2 to
cause an increase in the rotating torque, a one-way
clutch (described later) for transmitting to the pinion 3
the rotating force of the motor 2 that has been transmit-
ted thereto through the planetary gear reduction mech-
anism, pinion driving member (described later) for



5 EP 0 819 847 A1 6

moving the pinion moving member 4 toward a ring gear
8 of the engine, etc.

The motor 2 is composed of an armature 16 that
rotates integrally with an armature rotary shaft 19, fixed
magnetic poles (e.g., permanent magnets) 15 that are
disposed around this armature 16, a cylindrical yoke 12
that fixes the fixed magnetic poles 15 to an inner periph-
eral surface thereof, etc. The rotary shaft 19 is rotatably
supported on a forward end side of the armature 16 by
a supporting member 80 through a ball bearing 19a and
is rotatably supported on a rearward end side of the
armature 16 by a rear casing 14 through a bearing not
illustrated. It is to be noted that the supporting member
80 is provided as a partitioning wall for making a parti-
tion between the motor 2 and the planetary gear reduc-
tion mechanism and a cylindrical extended wall portion
80a that is formed on the outer periphery thereof is sup-
ported by inner peripheral surfaces of a front casing 10
and the yoke 12.

The output shaft 3 is disposed on the same axis as
that of the rotary shaft 19 and a forward end portion
thereof is rotatably supported by the front casing 10
through a bearing 33 while, on the other hand, a rear-
ward end portion thereof rotatably supports through a
bearing 28 a forward end of the rotary shaft 19 in a
recess that is formed in a central part of the end face
thereof. This output shaft 3 is formed such that a for-
ward side thereof, as viewed in the axial direction
thereof, where the helical spline 3b is formed is formed
to be smaller in diameter than a rearward side thereof
and thereby has a tapered stepped wall surface 3¢ that
extends from a terminal end of the helical spline 3b to
the outer peripheral surface of the rearward side
thereof.

The pinion moving member 4 has integrally pro-
vided on the side of a rear end thereof a hollow cylindri-
cal member 70 that is fitted over the outer peripheral
surface of the rearward side of the output shaft 3 and is
so provided as to be axially movable, along with the hol-
low cylindrical member 70, on the output shaft 3 along
the helical spline 3b of the output shaft 3. However, the
advance or forward movement of the pinion moving
member 4 is regulated by abutting against a stop collar
71 that is fixed through a snap ring 61 onto the outer
periphery of the forward end side of the output shaft 3.
Also, the retreat movement of the pinion moving mem-
ber 4 is regulated by a tapered stepped portion 3¢
between an inner peripheral surface of the pinion mov-
ing member 4 and an inner peripheral surface of the hol-
low cylindrical member 70 abutting against the stepped
wall surface 3¢ of the output shaft 3 (a state illustrated in
Fig. 1).

The hollow cylindrical member 70 has openings
(that may be one in number) 70a formed at a plurality of
circumferential positions thereof in such a manner that
these openings pass through a wall surface thereof, a
ball 81 being received in each of the openings 70a. The
ball 81 has a diameter that is larger than the thickness
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of the wall surface of the hollow cylindrical member 70
and is received in the opening 70a in a state of being
movable radially of the hollow cylindrical member 70. It
is to be noted that the opening 70a that receives the ball
81 therein is formed at a position (hereinafter referred to
as "the terminal end portion of the helical spline 3b")
where when the pinion moving member 4 advances and
abuts against the stop collar 71, i.e., when the pinion
moving member 4 has meshed with the ring gear 8 the
ball 81 drops from the outer peripheral surface of the
rearward side of the output shaft 3 to the outer periph-
eral surface of the forward side of the output shaft 3 and
thereby abuts against the stepped wall surface 3¢ of the
output shaft 3. Also, the provision of the opening 70a is
made so that, at this time, that is, when the ball 81 has
dropped into the terminal end portion of the helical
spline 3b, the ball 81 may be restricted from being
drawn off from the outer peripheral surface of the hollow
cylindrical member 70 and so that a ball bearing 91 as
described later may be slid on the outer peripheral sur-
face of the hollow cylindrical member 70. The planetary
gear reduction mechanism is composed of a sun gear
26 that is formed on the outer periphery of a forward end
of the rotary shaft 19, a plurality of planetary gears 28
(e.g., three pieces) that mesh with this sun gear 26, and
an internal gear 27 that meshes with each of the plane-
tary gears 28.

The sun gear 26 rotates integrally with the rotary
shaft 19 to thereby transmit the rotation thereof to each
planetary gear 28. Each planetary gear 28 is rotatably
supported by a corresponding pin 31 through a bearing
32 and revolves around an outer periphery of the sun
gear 26 while being meshed with both the sun gear 26
and the internal gear 27. The internal gear 27 is fixed,
for example, by press-fitting, to the inner peripheral sur-
face of an extended wall portion 80a that is provided on
the outer periphery of the supporting member 80 to
thereby enable the revolution of each planetary gear 28.

The one-way clutch is composed of a clutch outer
member 63, clutch inner member 62, clutch rollers 30,
clutch cover 82, etc. The clutch outer member 63 is pro-
vided integrally with the pins 31 and, when the revolving
force of each planetary gear 28 has been transmitted
thereto through the pins 31, rotates jointly with each
planetary gear 28. The clutch inner member 62 is one
which has been provided by the rearward end portion of
the output shaft 3 being radially enlarged, and is caused
to rotate by the rotating force of the clutch outer member
63 being transmitted thereto through the clutch rollers
30 at the time of the torque transmission. It is to be
noted that the clutch outer member 63 and the pins 31
may be provided separately from each other, after which
the pin 31 is forcedly inserted into and fixed to the clutch
outer member 63 or the both members are bonded
together.

In this one-way clutch, when the revolving force of
each planetary gear 28 is transmitted to the clutch outer
member 63 through the pins 31, the clutch rollers 30
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connect the clutch outer member 63 and the clutch
inner member 62, whereby the rotating force of the
clutch outer member 63 is transmitted to the clutch inner
member 62. This enables the transmission of the rotat-
ing force of the motor 2 to the output shaft 3. On the
other hand, when the pinion moving member 4 rotates
at high speeds by receiving the rotating force of the
engine through the ring gear 8 after the start of the
engine, the rotation speed of the clutch inner member
62 becomes higher than the rotation speed of the clutch
outer member 63, with the result that the clutch rollers
30 disconnect the clutch outer member 63 and the
clutch inner member 62. As a result, the rotation of the
clutch inner member 62 is restricted from being trans-
mitted to the clutch outer member 63. This enables the
restriction of the overrun of the armature 16.

The pinion driving mechanism is composed of an
electromagnet switch 5, a lever 90 and the ball bearing
91.

The electromagnet switch 5 is provided with an
attraction coil (not illustrated) that generates a magnetic
force upon receipt of electric current and a plunger 40
that is disposed in the hollow interior of the coil. When a
starter switch not illustrated is turned on whereby the
electric current is supplied to the coil, the electromagnet
switch 5 attracts the plunger 40 by the magnetic force
that generates in the coil. As a result, by the swing oper-
ation of the lever 90 through a joint 40a that is provided
on a forward end of the plunger 40, the electromagnet
switch 5 generates a force of pushing the pinion moving
member 4 forward. Further, even when the pinion mov-
ing member 4 that has been pushed forward abuts
against the ring gear 8 and has its advance movement
thereby restricted, the lever 90 itself is flexed with the
result that the plunger 40 is attracted whereby it is pos-
sible to close motor contacts (not illustrated) that is pro-
vided inside the switch 5. It is to be noted that since the
magnetic force of the coil attracting the plunger 40 dis-
appears when supply of the electric current to the coil is
stopped, the plunger 40 that has been attracted is
returned to its initial position (the position illustrated in
Fig. 1) by a return spring not illustrated.

The lever 90 has one end that is connected to the
joint 40a and the other end that is engaged with an outer
ring 91a from right and left sides of the ball bearing 91
(Figs. 2 and 3), whereby the lever 90 is provided so as
to be swingable about a pin 93 as a fulcrum that is sup-
ported by the front casing 10.

By its inner ring 91b being fitted over the outer
peripheral surface of the hollow cylindrical member 70,
the ball bearing 91 is provided so as to be slidable
(between the position at which a forward end surface of
the ball bearing 91 abuts on a rearward end surface of
the pinion moving member 4 and the position at which a
rearward end surface of the ball bearing 91 abuts on a
snap ring 94 that is mounted on the rearward end por-
tion of the hollow cylindrical member 70) on and along
the outer peripheral surface of the hollow cylindrical
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member 70 in the axial direction thereof. In the inner
peripheral surface of the inner ring 91b of the ball bear-
ing 91, from the pinion moving member 4 side end sur-
face thereof to an intermediate position thereof as
viewed in the axial direction thereof, there is formed a
recess 91¢ which is intended, when the pinion moving
member 4 is located at its rest position (Fig. 1), to retain
the outer peripheral portion of the ball 81 that protrudes
from the outer peripheral surface of the hollow cylindri-
cal member 70. Also, in the outer peripheral surface of
the outer ring 91a, there is formed a groove 91d over an
entire circumference thereof, with which the other end of
the lever 90 is engaged. It is to be noted that the ball
bearing 91 not only forms a part of the pinion driving
mechanism but also forms a part of the pinion disen-
gagement restriction mechanism or pinion retreat
restricting mechanism together with the hollow cylindri-
cal member 70, ball 81 and stepped wall surface 3c of
the output shaft 3.

The first embodiment operates as follows.

When the starter switch is turned on whereby elec-
tric current is supplied to the coil of the electromagnet
switch 5, the plunger 40 is atiracted by the magnetic
force of the coil (moved to the right side in Fig. 1). When
this plunger attraction force is transmitted to the ball
bearing 91 through the lever 90, it is transmitted to the
hollow cylindrical member 70 as the pinion pushing-for-
ward force through the ball 81 that is retained by the
recess 91c¢ of the ball bearing 91 (inner ring 91b) and
the opening 70a of the hollow cylindrical member 70. As
a result, the pinion moving member 4 that is integrated
with the hollow cylindrical member 70 is caused to
advance on the output shaft 3 along the helical spline 3b
together with the hollow cylindrical member 70.

When the pinion moving member 4 that has
advanced on the output shaft 3 abuts against the ring
gear 8, the motor contacts inside the electromagnet
switch 5 is closed whereby electric current is supplied to
the armature 16, with the result that the rotating force
generates in the armature 16. By the rotating force of
this armature 16 being transmitted to the output shaft 3
through the planetary gear reduction mechanism and
one-way cluich, the output shaft 3 rotates. As a result,
the pinion moving member 4 that has come into abut-
ment with the ring gear 8 rotates and intermeshes with
the ring gear 8 through its teeth traces coming into coin-
cidence with the teeth traces thereof.

The the ball 81 drops onto the terminal end portion
of the helical spline 3b in synchronism with this
intermeshing engagement of the pinion moving member
4 with the ring gear 8. Since the engagement between
the ball 81 and the recess 91¢ formed in the inner ring
91b of the ball bearing 91 is released, the ball bearing
91 that is kept receiving the pinion pushing-forward
force further advances on and along the outer periph-
eral surface of the hollow cylindrical surface until it abuts
against the rearward end surface of the pinion gear 7
and stops. At this time, as illustrated in Fig. 2, the open
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surface of the opening 70a that is formed in the hollow
cylindrical member 70 is closed by the inner peripheral
surface of the inner ring 91b. Therefore, it is possible to
restrict the ball 81 that is allowed to drop on the terminal
end portion of the helical spline 3b from popping out
from the opening 70a. As a result, when the force of
retreating the pinion moving member 4 acts thereon
through the ring gear 8 after the start of the engine,
since the retreat movement of the hollow cylindrical
member 70 is regulated by the stepped wall 3¢ of the
output shaft 3 through the ball 81, the retreat of the pin-
ion moving member 4 is restricted thereafter.

When the electric current ceases to be supplied to
the electromagnet switch 5 after the start of the engine,
the magnetic force of the coil disappears with the result
that the plunger attraction force also disappears. As a
result, the ball bearing 91 that has been pushed forward
is returned through the lever 90. Here, when the recess
91¢ that is formed in the inner ring 91b is returned to the
position coinciding with the open surface of the opening
70a, due to the centrifugal force of the hollow cylindrical
force that rotates at high speeds the ball 81 is drawn off
from the terminal end portion of the helical spline 3b
and thereby is received in the opening 70a and recess
91¢. Since as a result of this the engagement of the ball
81 with the stepped wall surface 3c is released, the
retreat movement of the pinion moving member 4
becomes possible, with the result that the pinion moving
member 4 can be returned to the rest position illustrated
in Fig. 1.

As described above, the starter 1 of this embodi-
ment is provided with the pinion disengagement restric-
tion means on the pinion moving member side from the
one-way clutch. That is, the ball 81 is received in the
opening 70a of the hollow cylindrical member 70 that is
provided integrally with the pinion moving member 4.
For this reason, since after the start of the engine the
hollow cylindrical member 70 also rotates at high
speeds integrally with the pinion moving member 4 that
is rotated by the ring gear 8, if the ball bearing 91 is
moved whereby the ball 81 can pop out, the centrifugal
force resulting from the high speed rotation of the hollow
cylindrical member 70 acts on the ball 81, with the result
that the ball 81 can reliably be released from the termi-
nal end portion of the helical spline 3b. As a result of
this, after the engine is started, the pinion moving mem-
ber 4 can retreat on the output shaft 3 along the helical
spline 3b and thus can be returned to its rest position.

Also, since it is structurally arranged to move the
pinion moving member 4 through the ball bearing 91,
when the hollow cylindrical member 70 has rotated
jointly with the pinion moving member 4, the inner ring
91b and outer ring 91a of the ball bearing 91a1 rotate
relative to each other. That is, after the engine is started,
even when the inner ring 91b that is fitted over the outer
periphery of the hollow cylindrical member 70 rotates at
high speeds, the outer ring 91a can be kept out of rota-
tion. Therefore, no slide friction occurs between the
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outer ring 91a and the lever 90. Therefore, since it is
sufficient for the lever 90 merely to have only a rigidity
high enough to advance and retreat the pinion moving
member 4 through the ball bearing 91a, an inexpensive
lever such as a wire material can be used as the lever
90.

Further, since the retreating force that acts on the
pinion moving member 4 can be received by the
stepped wall surface 3¢ of the output shaft 3 through the
ball 81, the necessity of forming a fitting hole in which
the ball 81 is fitted in the output shaft 3 as in the prior art
is eliminated.

(Modifications of First embodiment)

Although in the present embodiment it has been
arranged, when the pinion moving member 4 has been
meshed with the ring gear 8, for the ball 81 to drop onto
the terminal end portion of the helical spline 3b, i.e., the
stepped wall surface 3¢, it may be arranged to form in
the output shaft 3 the fitting hole in which the ball 81 is
fitted.

(Second Embodiment)

A starter 1 according to the second embodiment
comprises, as shown in Fig. 4, an electric starting motor
2 which produces rotating force, a planetary gear speed
reduction mechanism (described later) which speed-
reduces rotation of the starting motor 2, an output shaft
3 which rotates upon receipt of rotary output of the
reduction mechanism, a pinion moving member 4 fitted
on the output shaft 3, an electromagnet switch 5 which
controls power supply to the starting motor 2, a pinion
pushing lever 6 as a part of a pinion driving mechanism
which pushes forward in response to transmission of
operational force of the magnet switch 5 thereto, a pin-
ion retreat restricting member 9 (Fig. 6) which restricts
retreat of a pinion gear 7 after meshing of the pinion
gear 7 with a ring gear 8, a housing accommodating
those constructional parts, and the like. The housing
includes a front casing 10, a center casing 11, a yoke
12, a brush holder 13 and a rear casing 14, and is con-
structed generally cylindrically.

In the starting motor 2, fixed magnetic poles (plural
permanent magnets) 15 are fixed to the inner periphery
of the yoke 12 which functions as a magnetic casing as
well as a part of the housing. An armature 16 is dis-
posed rotatably in the inner periphery of the fixed mag-
netic poles 15, and brushes 18 are disposed on a
commutator 17 attached to one axial end portion of the
armature 16.

The yoke 12 shaped cylindrically is spigot-joint fit-
ted at one axial end thereof with an axial opening end of
the center casing 11 and at the other axial end thereof
with an axial opening end of the brush holder 13. In the
armature 16, one end of the rotary shaft 19 is inserted
into a recess 20 formed in the other end of the output



1 EP 0 819 847 A1 12

shaft 3 to be supported rotatably via a bearing 21 fitted
into the inner periphery of the recess 20, while the other
end of the same is supported rotatably via a bearing 22
held in a bearing portion 13a of the brush holder 13.
The commutator 17 is constructed by disposing a plural-
ity of commutator pieces cylindrically on the outer
periphery of the other end of the rotary shaft 19. The
brushes 18 are disposed in brush holding chambers 24
formed in a box-shape by the brush holder 13 and a
plate 23, and are biased toward the outer periphery of
the commutator 17 by brush springs 25, respectively.
Each brush 18 is held slidably in the radial direction
(vertically in Fig. 3) in the brush holding chamber 24 but
is restricted to move in the rotation direction.

The reduction mechanism comprises a sun gear
(external gear) 26 formed on the outer periphery of one
end of the rotary shaft 19, an internal gear (internal
gear) 27 positioned radially outside of the sun gear 26,
and a plurality of planetary gears 28 interposed
between the sun gear 26 and the internal gear 27 in
meshing engagement therewith.

The internal gear 27 is formed on the inner periph-
ery of a gear forming member 29 disposed on the inner
periphery of the center casing 11. The gear forming
member 29 constitutes an outer member of a one-way
clutch together with an inner cylindrical part 11a consti-
tuting a clutch inner member and rollers 30, with the roll-
ers 30 being interposed between the member 29 and
the inner cylindrical part 11a. By the one-way clutch, the
gear forming member 29 is provided unrotatably relative
to the center casing 11 in the rotation direction of the
armature 16 but rotatably in the counter-rotation direc-
tion of the armature 16. The planetary gears 28 are sup-
ported rotatably by bearings 32 fitted on the outer
periphery of pins 31, respectively, which are press-fitted
into a radially enlarged part 3a formed integrally on the
outer periphery of the other end of the output shaft 3.

The output shaft 3 is disposed coaxially with the
rotary shaft 19. One end of the shaft 3 is supported
rotatably via a bearing 33 held by the front casing 10,
while the other end of the same is supported rotatably
via a bearing 34 held by the inner cylindrical part 11a of
the center casing 11. Thus the output shaft 3 is
restricted from moving in the axial direction. A helical
spline 3b is formed on the outer periphery of the output
shaft 3 extending forwardly (left direction in Fig. 4) so
that the helical spline 3b is fitted with a helical spline 4a
formed on the inner periphery of the pinion moving
member 4.

The pinion moving member 4 is formed integrally
with a pinion gear 7 which is engageable with a ring
gear 8 of an engine. The pinion moving member 4 has a
washer 36 disposed rotatably via rollers 35 at the rear
side (right side in Fig. 4) of the pinion gear 7.

The pinion moving member 4 is held axially mova-
bly on the output shaft 3 by way of meshing engage-
ment between the helical spline 3b of the output shaft 3
and the helical spline 4a of the pinion moving member
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4, and normally biased rearwardly (in the opposite
direction from the ring gear 8) by a return spring 37 dis-
posed in front of the pinion gear 7.

The electromagnet switch 5 is disposed at the rear
end (axially rearward of the brush holder 13) of the
starter 1 and fixed in the inner periphery of the rear cas-
ing 14 formed in a bowl shape.

The electromagnet switch 5 has an attraction coil
39 which is energized by the closure or turn-on of a key
switch 38 (Fig. 8), and a plunger 40 disposed movably in
the inner periphery of the attraction coil 39, so that the
plunger 40 opens (turns off) and closes (turns on) by the
movement thereof motor contacts (described later) pro-
vided in a power supply circuit M (Fig. 8) for the starting
motor 2. The attraction coil 39 and the plunger 40 are so
arranged that the plunger 40 moves in the radial direc-
tion of the rear casing 14 (vertically in Fig. 4).

As shown in Fig. 8, the motor contacts includes a
movable contact 41 attached to the upper end of the
plunger 40, a battery-side fixed contact 43 provided
integrally with a battery terminal 42 fixed to the rear cas-
ing 14, and a motor-side contact 44 connected to the
brush 18 (positive polarity side), so that when the
plunger 40 is attracted to move upwardly in Fig. 4, the
movable contact 41 comes into contact with the fixed
contacts 43 and 44 to connect the fixed contacts 43 and
44. The battery terminal 42 connects to an electric cable
46 directly connected to a battery 45 so that electric
power is supplied from the battery 45.

The pinion pushing lever 6 has one end which is
supported by a protrusion 47a of a plate 47 fixedly dis-
posed in front of the center casing 11 and rotatably
around a fulcrum 6A, and the other end which is held in
abutment with the washer 36 disposed at the rear of the
pinion moving member 4 and in inclined condition (Fig.
4). The pinion pushing member 6 is formed with a longi-
tudinal groove 6a with which a free end 9¢ of lower pro-
trusion 9a provided on the pinion retreat restricting
member 9 is engaged (Fig. 5). The pinion pushing lever
6 is capable of pushing the pinion moving member 4 for-
wardly by rotating around the fulcrum 6A (rotating in the
counterclockwise direction in Fig. 4), with the free end
9c¢ of the lower protrusion 9a being engaged with the
groove 6a.

The pinion retreat restricting member 9 is made, as
shown in Fig. 6, of a metallic rod member. The member
9 has the lower protrusion 9a and the upper protrusion
9b formed by bending both ends of the rod member in
the same direction. The free end 9c of the lower protru-
sion 9a is bent further at the generally right angle rela-
tive to the lower protrusion 9a. The pinion retreat
restricting member 9 is disposed in its entirety movably
in the vertical direction in Fig. 4. That is, the part
between the lower protrusion 9a and the upper protru-
sion 9b is disposed in a space formed between the front
end surface of the center casing 11 and the plate 47,
and both of the lower protrusion 9a and the upper pro-
trusion 9b are extended forwardly of the plate 47
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through openings 47b and 47¢ (Fig. 5) formed in the
plate 47. The pinion retreat restricting member 9 is nor-
mally biased upwardly in Fig. 4 by reaction force of a
spring member 48 (Fig. 5) which is fixed to the plate 47
and engaged with the upper protrusion 9b. The pinion
retreat restricting member 9 is enabled to move down-
wardly in Fig. 4 against the reaction force of the spring
member 48, when the operational force of the electro-
magnet switch 5 (movement of the plunger 40) is trans-
mitted through a rod 49 provided in the plunger 40, a
spring 50 and a cord-like member 51 connected to the
rod 49.

The rod 49 is inserted into a longitudinal hole 40a
formed inside of the plunger 40 through an opening
formed on the bottom of the plunger 40 so that it may
move vertically in the hole 40a along the inner periphery
of the hole 40a.

The spring 50 is disposed axially with and outside
of the rod 49 in the longitudinal hole 40a. The bottom
end of the spring 50 is received by the inside bottom
surface of the plunger 40, while the top end is received
by a radially enlarged part 49a provided of the top end
of the rod 49, so that the rod 49 is normally biased
upwardly relative to the plunger 40.

The cord-like member 51 is connected at one end
thereof to the bottom end of the rod 49 protruding down-
wardly from the opening of the plunger 40 and at the
other end thereof to the lower protrusion 9a of the pinion
retreat restricting member 9.

The starter of the second embodiment operates as
follows.

When the key switch 38 is closed or turned on,
electric current flows from the battery 45 to the attrac-
tion coil 39 of the electromagnet switch 5 which in turn
generates magnetic force, so that the plunger 40 is
attracted upwardly in Fig. 4 by the magnetic force. With
the movement of the plunger 40, the rod 49 biased by
the spring 50 moves together with the plunger 40. The
cord-like member 51 connected to the rod 49 pulls down
the pinion retreat restricting member 9 which in turn
moves downward in Fig. 4 while flexing the spring 48.
With downward movement of the pinion retreat restrict-
ing member 9, the free end 9c of the lower protrusion 9a
moves downwardly along the groove 6a of the pinion
pushing member 6 so that the pinion pushing lever 6
rotates around the fulcrum 6A in the counterclockwise
direction in Fig. 4.

The rotation of the pinion pushing lever 6 pushes
the pinion moving member 4 toward the ring gear 8
against the biasing force of the return spring 37. When
the end face of the pinion gear 7 thus pushed abuts the
end face of the ring gear 8 and the pinion moving mem-
ber 4 stops moving, the pinion pushing lever 6 stops
rotating. Because the downward movement of the pin-
ion retreat restricting member 9 is restricted by the stop-
ping of rotation of the pinion pushing lever 6, movement
of the rod 49 connected to the pinion retreat restricting
member 9 through the cord-like member 51 also stops.
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However, the plunger 40 in the electromagnet switch 5
which is kept attracted by the magnetic force of the
attraction coil 39 moves further upwardly in Fig. 4 rela-
tive to the rod 49 while flexing the spring 50. With the
movement of the plunger 40, the movable contact 41
provided at the top end of the plunger 40 abuts the fixed
contacts 43 and 44 to close or turn on the same so that
the armature 16 starts to rotate receiving the electric
current from the battery 45.

The rotation of the armature 16 is reduced in speed
by the reduction mechanism and then transmitted to the
output shaft 3. When the pinion gear 7 moves or rotates
to a position where the pinion gear 7 comes into mesh-
ing engagement with the ring gear 8 by the rotation of
the output shaft 3, the pinion moving member 4 which
has been restricted form moving forward until that time
is enabled to move further axially so that the rod 49 is
allowed to move upwardly in the hole 40a of the plunger
40 by the reaction force of the spring 50. The movement
of the rod 49 causes the cord-like member 51 to move
the pinion retreat restricting member 9 further down-
wardly. The pinion pushing lever 6 rotates further to
push the pinion moving member 4 forward and, as a
result, the pinion gear 7 meshes with the ring gear 8 so
that the rotating force of the starting motor 2 is transmit-
ted to the ring gear 8 without fail to start the engine.

As the plunger 40 of the electromagnet switch 5
moves further upward after the movable contact 41 has
contacted the fixed contacts 43 and 44, the pinion
retreat restricting member 9 is moved downward
through the rod 49 and the cord-like member 51 to
cause the upper protrusion 9b of the pinion retreat
restricting member 9 to enter behind the pinion moving
member 4 as shown in Fig. 7. Thus, even when the
retreating force occurring with rotation variations
caused at the time of starting the engine exerts on the
pinion moving member 4, the pinion moving member 4
can be restricted from retreating by upper protrusion 9b
having the free end face thereof being kept in abutment
with the washer 36 of the pinion moving member 4. The
distance L1 between the free end face of the upper pro-
trusion 9b of the pinion retreat restricting member 9 and
the end face of the plate 47 and the distance L2
between the top end of the lever 6 and the end face of
the plate 47 at the time of the maximum inclination of
the pinion pushing lever 6 are determined to satisfy the
following relation so that the upper protrusion b is ena-
bled to engage smoothly without any trouble at the time
of meshing engagement of the pinion gear 7 and the
ring gear 8.

L1=L2

When the key switch 38 is opened or turned off
after engine starting, the electric current to the attraction
coil 39 is interrupted and the attraction force for the
plunger 40 disappears so that the pinion retreat restrict-
ing member 9 is returned upwardly by the reaction force
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of the spring 48. As the upper protrusion 9b of the pinion
retreat restricing member 9 disengages from the
washer 36 to release the retreat restriction on the pinion
moving member 4, the pinion moving member 4 biased
by the return spring 37 retreats rearwardly on the output
shaft 3 to a rest position.

With the pinion retreat restricting member 9 being
pushed back upwardly, the cord-like member 51 pulls
downwardly the rod 49 and the plunger 40 of the elec-
tromagnet switch 5 moves downward together with the
rod 49 to disengage the movable contact 41 from the
fixed contacts 43 and 44. Thus, the electric current to
the armature 16 is interrupted to stop rotation of the
armature 16.

According to the second embodiment, even under
the condition that the pinion retreating force occurring
with the rotation variations caused at the time of engine
starting exerts on the pinion moving member 4, the
retreat of the pinion moving member 4 can be restricted
by the upper protrusion 9b of the pinion retreat restrict-
ing member 9. That is, because the pinion pushing lever
6 to which the reaction force of the spring 50 is transmit-
ted is not required to restrict the retreat of the pinion
moving member 4, the spring 50 is required only to
store the reaction force necessary for engaging the pin-
ion gear 7 to the ring gear 8. Therefore, in comparison
with the conventional starter in which the retreat of the
pinion gear 7 is restricted by the loading of the engage-
ment biasing spring, the loading of the spring 50 can be
reduced greatly to reduce the size of the electromagnet
switch 5.

According to the second embodiment, the reduction
mechanism is provided to transmit the rotation of the
starting motor 2 to the output shaft 3 after reducing the
rotation speed. As a result, the pinion gear 7 starts to
rotate more slowly than the starter having no reduction
mechanism, thereby the loading of the spring 50 can be
reduced more.

Although the constructional parts of the starter 1
are accommodated within the generally cylindrically-
shaped housing in the second embodiment, the starter
may be modified to a biaxial type in which the electro-
magnet switch 5 is disposed radially outside of the start-
ing motor 2 (Fig. 1). In this modification as well, the
loading of the spring 50 can be reduced to reduce the
size of the electromagnet switch 5 by restricting the pin-
ion moving member 4 in the similar manner.

Further, although the reduction mechanism is pro-
vided in the foregoing embodiments, the present inven-
tion may be applied as well to a starter having no such
reduction mechanism. Further, the foregoing embodi-
ments may be modified in other ways without departing
from the scope and spirit of the invention.

Claims

1. A starter comprising:
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an electric motor (2) for producing a rotating
force;

an electomagnet switch (5) having a plunger
(40) and constructed to control power supply to
the electric motor in response to movement of
the plunger;

an output shaft (3) rotatable by transmission of
the rotating force of the electric motor;

a pinion gear (7) fitted on an outer periphery of
the output shaft through a helical spline to
mesh with a ring gear (8) of an engine and
transmit the rotating force of the electric motor
to the ring gear;

pinion pushing means (90, 91; 6) linked with
the plunger for pushing the pinion gear forward
for meshing engagement with the ring gear in
response to movement of the plunger; and
pinion retreat restricting means (3¢, 81; 9) pro-
vided separately from the pinion pushing
means for restricting the pinion gear from
retreating after the meshing engagement of the
pinion gear with the ring gear.

A starter as set forth in claim 1, wherein:

the pinion retreat restricting means (3¢, 81; 9)
is disposed movably toward a rear side of the
pinion gear which is axially opposite to the ring
gear.

A starter as set forth in claim 1, wherein:

the pinion pushing means (90, 91; 6) is dis-
posed rotatably around a predetermined posi-
tion to push the pinion gear forward.

A starter as set forth in claim 1 or 3, wherein:

the pinion pushing means (90, 91; 6) and the
pinion retreat restricting means (3¢, 81; 9) are
both disposed to be responsive to the move-
ment of the plunger.

A starter as set forth in claim 4, wherein:

the pinion pushing means (90, 91; 6) are dis-
posed to be moved further after the pinion
retreat restricting means (3¢, 81; 9) is moved to
a position for restricting the pinion gear from
retreating.

A starter as set forth in claim 1, wherein:

the pinion pushing means (90, 91) includes a
resilient lever (90) disposed rotatably around a
predetermined fulcrum (93) and, having one
end coupled to the plunger and another end
operatively coupled to the pinion gear so that



17 EP 0 819 847 A1

the another end is movable forward axially
beyond a position where the pinion retreat
restricting means restricts the retreat of the pin-
ion gear.

7. A starter as set forth in claim 6, wherein:

the pinion retreat restricting means (3¢, 81)
includes a stepped wall (3c) formed on the out-
put shaft and a ball (81) disposed axially mova-
bly on the output shaft in response to
movement of the another end of the lever, so
that the ball restricts the pinion from retreating
when moved to and engaged with the stepped
wall.

8. A starter as set forth in claim 7, wherein:

the pinion pushing means (90, 91) further
includes a bearing (91) fitted on the output
shaft and engaged with the another end of the
lever so that the lever is held unrotatably rela-
tive to the output shaft.

9. Astarter as set forth in claim 1, further comprising:

a spring (50) for storing reaction force when the
plunger is attracted further after the pinion gear
pushed forward abuts the ring gear, so that
when the rotating force of the electric motor is
transmitted to the output shaft and the pinion
gear rotates to a position where the pinion gear
comes into meshing engagement with the ring
gear, the reaction force stored in the spring is
transmitted to the pinion pushing means to
engage the pinion gear with the ring gear.

10. A starter according to claim 9, further comprising:

rotatable means (35, 36) attached to a rear
side of the pinion gear to allow the pinion push-
ing means and the pinion retreat restricting
means to contact therewith without rotation
during rotation of the pinion gear.

11. A starter comprising:

a pinion moving member (4) movably fitted
onto an outer periphery of an output shaft (3)
through a helical spline (3b);

pushing means (5, 90) for pushing the pinion
moving member toward a ring gear (8) of an
engine; and

pinion disengagement restriction means (3c,
70, 81, 91) for, when the pinion moving mem-
ber is moved toward the ring gear by the push-
ing means to mesh with the ring gear,
restricting the pinion moving member from
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being disengaged from the ring gear,

wherein the pinion disengagement restriction
means includes,

a hollow cylindrical member (70) provided on
the outer periphery of the output shaft and axi-
ally movable integrally with the pinion gear and
rotatable,

an engagement member (81) retained by the
hollow cylindrical member and provided radi-
ally movably,

a retaining portion (3c) provided on the output
shaft and engageable with the engagement
member, when the hollow cylindrical meter
moves a prescribed distance to thereby stop
the retreat of the hollow cylindrical member,
and

a regulation member (91) for regulating the
radial movement of the engagement member,
when the engagement member is engaged
with the retaining portion, and thereby restrict-
ing the engagement member from being disen-
gaged from the retaining portion.

12. A starter as set forth in claim 11, wherein:

the output shaft (3) has a small diameter por-
tion smaller in diameter than a large diameter
portion over which the hollow cylindrical mem-
ber is normally fitted;

the retaining portion is a stepped portion (3¢)
that extends from the large diameter portion to
the small diameter portion; and

the engagement member is engageable with
the stepped portion.

13. A starter as set forth in claim 11 or 12, wherein:

the regulation member (91) includes a ball
bearing fitted over an outer peripheral surface
of the hollow cylindrical member and is pro-
vided so as to be axially slidable on and along
the outer peripheral surface of the hollow cylin-
drical member; and

the pushing means (5, 90) is adapted to move
the pinion moving member through the ball
bearing and includes a lever (90) engaged with
an outer ring (91a) of the ball bearing and an
electromagnet switch (5) that drives the ball
bearing through the lever.

14. A starter comprising:

a starting motor (2);

an output shaft (3) having a stepped portion
(3c);

a pinion moving member (4) movably fitted on
the output shaft and having a cylindrical portion
(70), the pinion moving member being engage-
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able with an engine ring gear (8);

a gear reduction mechanism (26, 27, 28) dis-
posed to transmit a motor rotation in a reduced
speed;

a one-way clutch (30, 62, 63) disposed to trans-
mit the motor rotation in the reduced speed to
the output shaft;

a pinion driving member (90, 91) engaged with
the cylindrical portion to advance and return
the pinion for engagement with and disengage-
ment from the ring gear, respectively;

a regulation member (3¢, 81) disposed radially
movably between the pinion moving member
and the output shaft to maintain engagement of
the pinion moving member with the output shaft
therethrough when moved to the stepped wall;
and

an electromagnet switch (5) engaged with the
pinion moving member to control movement of
the pinion moving member.

15. A starter according to claim 14, wherein:

the pinion driving member (90, 91) includes a
flexible lever (90) engaged with the electromag-
net switch, an inner ring (91b) engaged with the
cylindrical portion, an outer ring (91a) engaged
with the flexible lever and a bearing ball dis-
posed between the rings to cause only the
inner member to rotate with the cylindrical
member.

16. A starter according to claim 14 or 15, wherein:

the regulation member (3¢, 81) includes a reg-
ulating ball (81);

the cylindrical portion (70) has an opening
(70a) for receiving the regulating ball therein
radially movably; and

the pinion driving member (90, 91) has a
recess (91¢) at a radially inner side thereof fac-
ing the cylindrical portion for contacting the
regulating ball to move the pinion moving mem-
ber axially.

17. A starter comprising:

a starting motor (2);

an output shaft (3) driven by the starting motor;
a pinion moving member (4) movably fitted on
the output shaft and engageable with an
engine ring gear (7);

an electromagnet switch (5);

a lever (90) engaged with the electromagnet
switch at one end thereof; and

a ball bearing (91) disposed to be driven by the
electromagnet switch through the lever for
advancing and returning the pinion axially to
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and from the ring gear, the ball bearing includ-
ing an inner ring (91b) engaged with the pinion
moving member, an outer ring (91a) engaged
with the lever and a bearing ball disposed
between the rings to cause only the inner mem-
ber to rotate with the pinion.

18. A starter comprising:

an electric motor (2) for producing a rotating
force;

an electomagnet switch (5) having a plunger
(40) and constructed to control power supply to
the electric motor in response to movement of
the plunger;

an output shaft (3) rotatable by transmission of
the rotating force of the electric motor;

a pinion gear (7) fitted on an outer periphery of
the output shaft through a helical spline to
engage a ring gear (8) of an engine and trans-
mit the rotating force of the electric motor to the
ring gear;

pinion pushing means (91; 6) for pushing the
pinion gear forward in response to movement
of the plunger;

a spring (90; 50) for storing reaction force when
the plunger is attracted further after the pinion
gear pushed forward abuts the ring gear, so
that when the rotating force of the electric
motor is transmitted to the output shaft and the
pinion gear rotates to a position where the pin-
ion gear comes into meshing engagement of
the ring gear, the reaction force stored in the
spring is transmitted to the pinion pushing
means to engage the pinion gear with the ring
gear; and

pinion retreat restricting means (3c, 81; 9) for
restricting in cooperation with the plunger the
pinion gear from retreating after the meshing
engagement of the pinion gear with the ring
gear.

19. Astarter as set forthin claim 18, further comprising:

a speed reduction mechanism (26, 27, 28) for
reducing rotation of the electric motor to trans-
mit the same to the output shaft.
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