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(54) Speed reduction type starter for engines
(57)  While engaging mechanically with one of the two
internal gears (25) and (29) used for two gear reduction
systems and suppressing rotation of the internal gear of
one of these, there is provided a gear-switching member
(34) that permits rotation of the other internal gear, the
gear-switching member (34) is connected with a rotating
friction plate (39) of an impact-absorbing mechanism 8
viaayoke (36). Thereby, if excessive shock is transmitted
to an output shaft (3) of the starter from an engine side,
rotation load will be transmitted to the rotating friction
plate (39) via the yoke (36) from the gear-switching mem-
ber (34) that engages with the internal gear (25) or the
internal gear (29). Consequently, when the rotating fric-
tion plate (39) rotates resisting frictional force, the exces-
sive shock can be eased and a power transfer system of
the starter can be protected from excessive shock.

FIG.2

35 37

30 34 29 34c 55 33
T %

o N

B &S;J
38a " Y
12 ¥ 26
T
12b étﬁ j 5 27
12a - p— o8
S N 20
3 1S i i / i
\ ]» N J _______ 2a
6 ) “‘jﬁ | . 2b
il Sl |

AVA|
a0 360, oy | o
B2 2005 o g

Printed by Jouve, 75001 PARIS (FR)



1 EP 2 048 356 A2 2

Description
BACKGROUND OF THE INVENTION
Technical field of the invention

[0001] The presentinvention relates to a speed reduc-
tion type starter for engines having two planetary speed
reducer systems.

DESCRIPTION OF THE RELATED ART

[0002] A starter for engines has been known, which is
provided with a planetary speed reducer system that
slows down the speed of a motor, and the reduction ratio
of this speed reducer system is fixed to a single value
(i.e., the reduction ratio cannot be changed) as disclosed
in Japanese Patent Application Laid-Open Publication
No. 61-28756, for example.

[0003] The single step reduction ratio is commonly de-
cided from the required torque of the starter in the lowest
usable temperature conditions (in general, -20 degrees
centigrade or less) when the friction of an engine be-
comes the largest. For this reason, when starting the mo-
tor at a normal temperature at which the friction of the
engine becomes smaller, the required torque of the motor
is smaller as well. Since the operating point on the per-
formance curve of the motor moves to the less load side
and the output declines, the motor speed does not go up
greatly

[0004] On the other hand, the time required for starting
the engine depends on the starting speed of the starter,
and the starting time can be shortened with the higher
motor speed. If the starting speed of starter becomes
high, the body vibration at the time of starting the engine
decreases. Thus a driver's comfort will improve, and it
can contribute to exhaust gas reduction as well. In order
to raise the starting speed of the starter at normal tem-
peratures, it is effective to lower the reduction ratio of the
speed reducer system from that of the low temperature.
That is, reduction ratio can be set to two different values
and it can have different the reduction ratios for normal
temperature and low temperature.

[0005] There are examples of the reduction ratio
changing means between two values disclosed in Japa-
nese Patent Application Laid-Open Publications No.
61-236951 and No. 61-282650.

[0006] However, the conventional speed reducer sys-
tem disclosed in Publication No. 61-236951 becomes
large in size because it has many parts and its structure
is complicated, therefore it is difficult to apply to the con-
ventional speed reducer system that requires miniaturi-
zation. Further, when the reduction ratio is low (reduction
ratio=1; an input shaftand an output shaft are at the same
speed), and high (reduction ratio=n; however, 10<n<1),
the low reduction ratio=1 is not suitable for starting the
motor at the normal temperature because the torque of
the starter is insufficient.
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[0007] On the other hand, for changing the reduction
ratio of the planetary gears having two values of different
reduction ratios, a method of putting brakes on aninternal
gear of the planetary gears in order to fix the internal gear
by tightening a brake band around the perimeter of the
internal gear is disclosed in the Publication No.
61-282650.

[0008] By the way, with the starter in which the two
gear reduction systems are equipped, since it can be
used in normal temperatures and low temperatures by
changing the reduction ratio, the reduction ratio at low
temperature can be set up more higher, as compared
with the conventional starter having a fixed reduction ratio
only.

[0009] Although the above set up may be realized by
increasing the number of teeth of the internal gear, if the
number of teeth of the internal gear is increased, the outer
diameter of the internal gear will become large and thus
the starter will become large as well.

[0010] For this reason, since increasing the number of
the teeth without enlarging the outer diameter of the in-
ternal gear will produce a small internal gear module, an
impact-absorbing mechanism will be needed for protect-
ing the power transfer system of the starter from exces-
sive shock.

[0011] However, for a starter having two different re-
duction ratios, it is difficult to obtain the space for arrang-
ing the impact-absorbing mechanism as compared with
the conventional starter that has the fixed single step of
the reduction ratio, therefore a new structure that can
constitute the impact-absorbing mechanism compactly
is required.

SUMMARY OF THE INVENTION

[0012] The present invention has been made in order
to solve the issue described above, and has as its object
to provide a starter such that the reduction ratio can be
changed between two values and by using two planetary
gear reduction systems having a low reduction ratio ex-
ceeding 1, the starter can secure the good engine starting
characteristics of low temperatures, the starter can short-
en the starting time in normal temperatures, and the start-
er that can constitute an impact-absorbing mechanism
compactly for protecting a power transfer system of the
starter from excessive shock.

[0013] In the speed reduction type starter for engines
according to a first aspect, there is provided a speed re-
duction type starter for an engine equipped with a ring
gear comprising a motor that has an armature shaft for
generating torque, two planetary gear reduction systems
that have different reduction ratios and that are installed
on the armature shaft of the motor, means for choosing
either one of the reduction systems to change a reduction
ratio that reduces the drive torque to be transmitted to
from the motor to the engine, and an output shaft to which
the drive torque of the motor is transmitted via the reduc-
tion system chosen by the reduction ratio changing
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means.
[0014] In addition, a pinion gear that engages with the
ring gear of the engine arranged at a perimeter of the
output shaft, an impact-absorbing mechanism that ab-
sorbs any excessive shock when the excessive shock is
applied from the engine, and the starter that starts the
engine by transmitting the drive torque of the motor am-
plified by the reduction systems to the ring gear from the
pinion gear.

[0015] The reduction ratio changing means engages
mechanically with one of two internal gears used in the
two gear reduction systems and suppresses rotation of
the one of internal gears, the gear reduction systems
comprises a gear-switching means that permits rotation
of the other internal gear, the gear-switching means ar-
ranged in a perimeter of the two internal gears coaxially
and is arranged movable in the direction of an axis, and
rotation of the gear-switching means is suppressed via
the impact-absorbing mechanism, so that the reduction
ratio is changed by changing the internal gear which ro-
tationis suppressed by moving the gear-switching means
in the direction of the axis.

[0016] According to the present invention, moving the
engaging part arranged in the perimeter of the two inter-
nal gears coaxially in the direction of an axle so that the
one of the internal gears mechanically engages to the
engaging part can suppress the rotation of one of the
internal gears and permits the rotation of the other inter-
nal gears.

[0017] Consequently, by changing the internal gear
with which rotation is suppressed according to the oper-
ating condition (outside air temperature, for example) of
the starter etc., two different reduction ratios, i.e., low
reduction ratio and high reduction ratio can be properly
used.

[0018] In addition, the internal gear where the rotation
is suppressed and the internal gear where the rotation is
permitted can easily be switched by moving the engaging
part in the direction of the axle. Since the rotation of one
internal gear is suppressed when the rotation of the other
internal gear is permitted and the rotation of one internal
gear is permitted when the other internal gear is sup-
pressed, suppressing and permitting of the rotation of
two internal gears can be performed with a simple com-
position and less parts.

[0019] Further, since the gear-switching means is sup-
pressed in rotation via the impact-absorbing mechanism,
the impact-absorbing mechanism decouples the impact
when an excessive impact is applied to the internal gear
connected with the gear-switching means, thus protect-
ing the gear reduction systems from the excessive im-
pact.

[0020] Moreover, because the impact force applied to
the gear reduction system can be decreased, the module
of the reduction gear used for two gear reduction systems
can be reduced; especially can minimize the outside di-
ameter of the module.

[0021] In the speed reduction type starter for engines
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according to a second aspect, the starter further com-
prises a toothed part formed in the perimeter of the 1st
internal gear of the pair of internal gears arranged on the
direction of the anti-motor side, another toothed part
formed in the perimeter of the 2nd internal gear of the
pair of internal gears arranged on the direction of the
motor side, the 1st toothed part engageable with the
toothed part formed in the 1st internal gear, and the 2nd
toothed part engageable with the toothed part formed in
the 2nd internal gear formed in the inner circumference
of the engaging part

[0022] The rotation of the 1st internal gear is sup-
pressed when the 1st toothed part engages with the
toothed part of the 1st internal gear by moving the en-
gaging part to the direction of motor side, and the rotation
of the 2nd internal gear is suppressed when the 2nd
toothed part engages with the toothed part of the 2nd
internal gear by moving the engaging part to the direction
of anti-motor side.

[0023] In the speed reduction type starter for engines
according to a third aspect, the 1st toothed part and the
2nd toothed part are arranged as a unit in the direction
of the axis continuously.

[0024] In the speed reduction type starter for engines
according to a fourth aspect, end surfaces of the pair of
internal gears facing each other in the direction of the
axis are engaged rotatably in concavo-convex manner.
[0025] In the speed reduction type starter for engines
according to a fifth aspect, resin material is used for at
least one of the internal gears.

[0026] In the speed reduction type starter for engines
according to a sixth aspect, the starter further comprises
a magnetic coil that forms an electromagnet by energiza-
tion and drives the engaging part to one direction by the
magnetic force of the electromagnet, a return spring that
pushes back the engaging part to another direction when
the energization to the magnetic coil is stopped, the 1st
internal gear arranged on the direction of the motor side,
and the 2nd internal gear arranged on the direction of
the anti-motor side, wherein the magnetic coil is arranged
close to either the motor side of the 1st internal gear or
the anti-motor side of the 2nd internal gear.

[0027] In the speed reduction type starter for engines
according to a seventh aspect, a ferromagnetic sub-
stance attracted by the electromagnet constitutes the en-
gaging part.

[0028] In the speed reduction type starter for engines
according to a eighth aspect, a magnetic coil is arranged
closely to the anti-motor side of the 2nd internal gear,
and a yoke has a ring-like magnetic path part arranged
in the direction of a diameter in between the 2nd internal
gear and the magnetic coil.

[0029] The gear-switching means has a cylindrical iron
core part extended in the direction of the axis in the pe-
rimeter of the ring-like magnetic path part. The inner pe-
riphery of the cylindrical iron core part is engaged in a
concavo-convex manner with the perimeter part of the
ring-like magnetic path part so that the relative rotation
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of the both is suppressed and provided movable in the
direction of the axis.

[0030] In the speed reduction type starter for engines
according to a ninth aspect, the yoke has a cylindrical
magnetic path part that extends from the inner circum-
ference of the ring-like magnetic path part to the inner
circumference side of the magnetic coil in the axial direc-
tion of the anti-motor side.

[0031] A frame member of which rotation is sup-
pressed and provided unmovable in the direction of the
axis is arranged in the axial direction of the anti-gear re-
duction system of the magnetic coil. A bearing section
that supports the perimeter of the output axis rotatably
via a bearing is provided integrally in an inner circumfer-
ence of the frame member in the direction of the diameter.
[0032] The bearing section is extended cylindrically to
the direction of the motor side and the bearing is disposed
therein. The impact-absorbing mechanism is arranged
in the space defined by the perimeter of the bearing sec-
tion and the inner circumference of the cylindrical mag-
netic path part.

[0033] In the speed reduction type starter for engines
according to a tenth aspect, the impact-absorbing mech-
anism comprises a rotating friction plate that is arranged
rotatably to the frame member, and its own perimeter
part is engaged in a concavo-convex manner with the
inner periphery of the ring-like magnetic path part so that
the rotation is suppressed, a fixed friction plate that is
stacked with the rotating friction plate in the direction of
the same axis and is suppressed in its rotation by the
frame member, and a pressing means that presses the
rotating friction plate and the fixed friction plate in be-
tween the frame member in the direction of their axis,
wherein the impact-absorbing mechanism absorbs ex-
cessive shock by use of the rotating friction plate.
[0034] The friction force between the rotating friction
plate and the internal gear resisting the excessive move-
ment of the internal gear engages with the gear-switching
means.

[0035] In the speed reduction type starter for engines
according to an eleventh aspect, the impact-absorbing
mechanism is constituted by using a plurality of the ro-
tating friction plates and the fixed friction plates stacked
alternating one-by-one.

[0036] In the speed reduction type starter for engines
according to a twelfth aspect, the engaging part sup-
presses the rotation of the internal gear used for the
speed reducer system with the low reduction ratio when
the magnetic coil is not energized, and the engaging part
suppresses the rotation of the internal gear used for the
speed reducer system with the high reduction ratio when
the magnetic coil is energized.

[0037] In the speed reduction type starter for engines
according to a thirteenth aspect, the engaging part sup-
presses the rotation of the internal gear used for the fre-
quently used speed reducer system when the magnetic
coil is not energized, and the engaging part suppresses
the rotation of the internal gear used for the not frequently
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used speed reducer system when the magnetic coil is
energized.

[0038] In the speed reduction type starter for engines
according to a fourteenth aspect, the magnetic coil is not
energized when the outside air temperature is higher
than 0 degree centigrade, and the magnetic coil is ener-
gized when the outside air temperature is 0 degree cen-
tigrade or less.

BRIEF DESCRIPTION OF THE DRAWINGS

[0039] In the accompanying drawings:

Fig. 1 shows a fragmentary sectional view of a starter
of an embodiment according to the present inven-
tion;

Fig. 2 shows a sectional view of a speed reducer
system and a reduction ratio switching means (coll
is OFF);

Fig. 3 shows a sectional view of a speed reducer
system and a reduction ratio switching means (coil
is ON);

Fig. 4 shows a perspective diagram of a 1st internal
gear,;

Fig. 5 shows a perspective diagram of a 2nd internal
gear;

Fig. 6 shows a perspective diagram of an engaging
part;

Fig. 7 shows a perspective diagram of a coil unit; and
Fig. 8 shows the sectional view of an impact-absorb-
ing mechanism;

Fig. 9 shows the perspective diagram of a rotating
friction plate used for the impact-absorbing mecha-
nism;

Fig. 10A shows the perspective diagram of a fixed
friction plate used for the impact-absorbing mecha-
nism viewed from the side in which the projection
parts are not projected;

Fig. 10B shows the perspective diagram of a fixed
friction plate used for the impact-absorbing mecha-
nism viewed from the side in which the projection
parts are projected; and

Fig. 11 shows a characteristic graph of a starter.

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENTS

[0040] With reference to the accompanying drawings,
hereinafter will be described an embodiment of the
present invention.

[0041] Fig. 1 shows a half cross-sectional view of a
starter 1. As shown in Fig. 1, the starter 1 of this embod-
iment generally comprises an electric motor 2, a speed
reducer system (described later), a reduction ratio
switching means (described later), a pinion gear 5, an
electromagnetic switch 7, an impact-absorbing mecha-
nism 8 (refer to Fig. 8) for protecting a power transfer
system of the starter 1 from excessive shock, and a front
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housing 9. The electric motor 2 generates a rotational
force. The speed reducer system has two levels of speed,
which transmits the rotational speed of the electric motor
2 to an output shaft 3 after the rotational speed of the
electric motor 2 is reduced. The reduction ratio switching
means switches a reduction ratio of the speed reducer
system.

[0042] The pinion gear 5 is arranged on the perimeter
of the output shaft 3 together with a clutch 4 arranged as
a unit. The electromagnetic switch 7 opens and closes a
main point of contact (not shown) provided in an ener-
gization circuit of the electric motor 2, and moves the unit
of the clutch 4 and the pinion gear 5 in the direction of
an axle via a shift lever 6. The front housing 9 is fixed to
the engine side.

[0043] In Fig. 1 to Fig. 3 of the present embodiment,
the element explained below that is illustrated on the
right-hand side is called the motor side, and illustrated
on the left-hand side is called the anti-motor side.
[0044] The electric motor 2 is a commonly known com-
mutator motor. The electric motor 2 has a commutator
and brushes (not shown) for changing a current ener-
gized to an armature 2a according to a rotation phase.
The armature 2a has an armature shaft 2b that outputs
the torque.

[0045] The armature shaft 2b has a first end on the
anti-motor side (leftend in Fig. 1) that is inserted rotatably
into an inner circumference of a space drilled in the motor
side edge part of the output shaft 3 via a bearing 10.
Another bearing (not shown), which is fixed to an end
frame 11, rotatably supports the second end (right end
in Fig. 1) of the armature shaft 2b.

[0046] The outputshaft3is disposed in coaxial relation
to the armature shaft 2b. The output shaft 3 has one end
(rightend in Fig. 1) supported rotatably by a bearing sec-
tion 12a via bearing 13 provided integrally in an inner
circumference of the frame member 12. A bearing 14,
which is fixed to the front tip part of the front housing 9,
rotatably supports the opposite end (left end in Fig. 1) of
the output shaft 3. A frame member 12 is fit into the inner
circumference of cylinder wall part 9a provided in the
front housing 9, and is fixed so that the frame member
12 is supported unrotatably in the direction of a circum-
ference and unmovable in the direction of the axis.
[0047] The clutch 4 is provided on the perimeter of the
output shaft 3 via helical spline engagement that trans-
mits a rotation of the output shaft 3 to the pinion gear 5
at the time of starting the engine. When the pinion gear
5 is rotated by the engine, that is, when the revolving
speed of the pinion gear 5 exceeds the revolving speed
of the output shaft 3, the clutch 4 acts as a one-way clutch
that interrupts the power transfer between both the pinion
gear 5 and the output shaft 3 so that the rotation of the
pinion gear 5 is not transferred to the output shaft 3.
[0048] After the pinion gear 5 is engaged to a ring gear
(not shown) of the engine, the pinion gear 5 transmits
the torque via a clutch 4 to drive the ring gear.

[0049] The electromagnetic switch 7 has a switch coil
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(notshown) and a plunger 15. The switch coil is energized
from a battery by closing a starting switch (not shown),
and the plunger 15 that moves inside the inner circum-
ference of the switch coil. When an electromagnet is
formed by the energization to the switch coil, the plunger
15 will be attracted by the electromagnet and closes the
main point of contact.

[0050] On the other hand, when the attracting force is
removed by stopping the energization to the switch caill,
the plunger 15 is pushed back to its original position by
the force of the return spring (not shown) and opens the
main point of contact.

[0051] The main point of contact is comprised of a pair
of fixed contacts (not shown) connected to a motor circuit
via two external terminals 16 and 17 that are disposed
on the electromagnetic switch 7, and a movable contact
(not shown) that connects and disconnects the pair of
fixed contacts, which is disposed on the movable plunger
15. The main point of contact is in a closed state when
the pair of fixed contacts is electrically connected via the
movable contact, and the main point of contact is in a
closed state when the pair of fixed contacts is electrically
disconnected.

[0052] The shiftlever 6 has a supporting part 6a, which
is supported swingably by a lever holder 18. The shift
lever 6 has a function of transmitting a motion of the
plunger 15 to the clutch 4 by engaging one end of the
shift lever 6 to a shifting rod 19 disposed on the plunger
15 of the electromagnetic switch 7, and by engaging an-
other end of the shift lever 6 to the clutch 4.

[0053] The speed reducer system is explained here-
after.
[0054] As shown in Fig. 2, the speed reducer system

is comprised of a 1st planetary speed reducer system
(shortened to "1st speed reducer" hereafter) and a 2nd
planetary speed reducer system (shortened to "2nd
speed reducer" hereafter). The 1st speed reducer is con-
stituted of having a 1st sun gear 20 formed on the arma-
ture shaft 2b in the center and the 2nd speed reducer is
constituted of having a 2nd sun gear 21 formed on the
armature shaft 2b in the center. Here, when describing
a reduction ratio set for the 1st reduction ratio as a 1st
reduction ratio and a reduction ratio set for the 2nd speed
reducer as a 2nd reduction ratio, the 2nd reduction ratio
is set larger than the 1st reduction ratio.

[0055] As for the 1st sun gear 20 and the 2nd sun gear
21, the 2nd sun gear 21 is formed on the tip side (left-
hand side of Fig. 2) of the armature shaft 2b than the 1st
sun gear 20. A teeth tip diameter of the 1st sun gear 20
is larger than that of the 2nd sun gear 21, and the 1st
sun gear 20 is provided with more teeth than the 2nd sun
gear.

[0056] A plurality of 1st planetary gears 24 (three, for
example) is engaged to the 1st sun gear 20. Planet pins
23 rotatably support the 1st planetary gears 24 via bear-
ings 22. The 1st planetary gears 24 are engaged also to
the inner circumference of a 1st internal gear 25 that is
located coaxially with the 1st sun gear 20.
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[0057] Similarly, A plurality of 2nd planet gear 28
(three, for example) are engaged to the 2nd sun gear 21.
Planet pins 27 rotatably support the 2nd planetary gears
28 via bearings 26. The 2nd planetary gears 28 are en-
gaged also to the inner circumference of a 2nd internal
gear 29 that is provided coaxially with the 2nd sun gear
21.

[0058] The planet pins 23 and 27 are fixed to a planet
carrier 30 provided in the output shaft 3. The planet pins
23 and the planet pins 27 are arranged alternately in the
direction of a circumference of the planet carrier 30. A
spacer member 31 is inserted to the planet pins 23 in
between the planet carrier 30 and the 1st planet gear 24.
The spacer member 31 suppresses the 1st planet gear
24 from moving toward the direction of the anti-motor
side (the planet carrier side).

[0059] As shown in Fig. 4, the 1st internal gear 25 is
provided with an annular convex part 25a on the anti-
motor side of the 1st internal gear 25. A large diameter
part 25b with a larger outer diameter than the annular
convex part 25a is provided on the motor side of the an-
nular convex part 25a on the 1stinternal gear 25. Further,
pluralities of teeth part 25c are formed in all circumfer-
ences of the perimeter of the anti-motor side of the large
diameter part 25b. As shown in Fig. 2, the large diameter
part 25b is provided coaxially with the armature shaft 2b,
and engages rotatably to the inner circumference of the
joint member 33 that is pinched between a yoke 32 of
the electric motor 2, and the cylinder wall part 9a of the
front housing 9.

[0060] The 2nd internal gear 29 has an inner diameter
larger than the 1st internal gear 25, and has a higher
number of teeth. As shown in Fig. 5, the 2nd internal gear
29 is provided with an annular concave part 29a formed
on the motor side of the 2nd internal gear 29 with the
inner diameter larger than the diameter of teeth bottom
of the 2nd internal gear 29. The annular concave part
29a and the annular convex part 25a provided in the 1st
internal gear 25 are rotatably in meshing engagement
(refer to Figs. 2, 4 and 5).

[0061] The 2nd internal gear 29 has two sizes of outer
diameters. There provided are a small diameter part 29b
on the motor side and a large diameter part 29c on the
anti-motor side of the 2nd internal gear 29. Pluralities of
teeth part 29d are formed on all circumferences of the
motor side of the large diameter part 29¢. The teeth part
29d formed on the large diameter part 29¢ has the same
number of teeth as the teeth part 25c formed on the large
diameter part 25b of the 1st internal gear 25, and the
diameters of the teeth bottom and teeth tip of both the
teeth part 25c and the teeth part 29d are the same.
[0062] Next, the reduction ratio switching means is ex-
plained hereafter.

[0063] AsshowninFig. 2, the reduction ratio switching
means is equipped with a gear-switching member 34,
and an electromagnetic drive means (described later) for
moving the gear-switching member 34 in the direction of
an axis.

10

15

20

25

30

35

40

45

50

55

[0064] The gear-switching member 34 is made of a
ferromagnetic substance (for example, iron) magnetized
by the electromagnet. The gear-switching member 34
has a ring shape arranged coaxially on the perimeter of
two internal gears 25 and 29. The perimeter of the gear-
switching member 34 fits into the inner circumference of
the cylinder wall part 9a of the front housing 9 and its
movement to the direction of the diameter is suppressed
(centering), however it is allowed to slide along the axis.
[0065] As shown in Fig. 6, a rotation suppressing part
34a having a small inner diameter is formed on the motor
side of the gear-switching member 34. A cylinder iron
core part 34b having a large inner diameter is formed on
the anti-motor side of the rotation suppressing part 34a.
Pluralities of teeth parts 34c and 34d are formed in the
inner circumference of the rotation suppressing part 34a,
and the inner circumference of the cylinder iron core part
34b at all circumferences, respectively.

[0066] A motor side half of the teeth part 34c formed
in the inner circumference of the rotation suppressing
part 34a engages to the teeth part 25¢ formed in the 1st
internal gear 25 when the gear-switching member 34 has
moved to the motor side, as shown in Fig. 2. An anti-
motor side half of the teeth part 34c engages to the teeth
part 29d formed in the 2nd internal gear 29 when the
gear-switching member 34 has moved to the anti-motor
side, as shownin Fig. 3. That is, the teeth part 34c formed
in the rotation suppressing part 34a is constituted by a
1st toothed part and a 2nd toothed part as a unit.
[0067] The length in the axis direction of the teeth part
34c formed in the rotation suppressing part 34a is set to
a little shorter than the distance in the axial direction of
the space obtained between the teeth part 25¢ formed
in the 1st internal gear 25 and the 2nd internal gear 29.
That is, the teeth part 34c formed in rotation suppressing
part 34a never engages with the teeth part 25¢ formed
in the 1st internal gear 25 and the teeth part 29d in the
2nd internal gear 29 at the same time.

[0068] In addition, in order to have teeth engage
smoothly, it is effective to form suitable chamfering to the
both edges of the circumference of the teeth part 34c
formed in the rotation suppressing part 34a, teeth part
25c formed in the 1st internal gear 25, and the teeth part
29d formed in the 2nd internal gear 29, respectively.
[0069] The electromagnetic drive means comprises a
magnetic coil 35, a yoke 36, and a return spring 37. The
gear-switching member 34 engages mechanically with
one of the 1stinternal gear 25 and the 2nd internal gear
29. The magnetic coil 35 forms an electromagnet by en-
ergization and drives the gear-switching member 34 to
the direction of anti-motor side by the attracting force of
the electromagnet.

[0070] The yoke 36 lets the magnetic flux generated
by the magnetic coil 35 pass through. The return spring
37 pushes back the gear-switching member 34 to the
direction of motor side when the energization to the mag-
netic coil 35 is stopped. The frame member 12 is consti-
tuted of ferromagnetic substances, such as iron, and
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forms a part of the magnetic path together with the yoke
36.

[0071] As shown in Fig. 2, the magnetic coil 35 is
wound onto a bobbin 38 made of resin, and is arranged
at the anti-motor side of the 2nd internal gear 29.
[0072] The magnetic coil 35 is fixed to the frame mem-
ber 12 via a projected part 38a provided in the bobbin
38. An end of the magnetic coil 35 pulled out from the
exterior of the starter 1 is connected to the energization
control means (for example, ECU, not shown), and ON
(energization) and OFF (stop energization) is switched
by a signal from the energization control means.

[0073] The energization control means may detect the
outside air temperature, for example, directly or indirect-
ly, and switches the ON/OFF state of the magnetic coil
35 depending on the detected outside air temperature.
[0074] To be more specific, the energization control
means switches the magnetic coil 35 OFF when the out-
side air temperature is above 0 degree centigrade, and
switches the magnetic coil 35 ON when the outside air
temperature is below 0 degree centigrade.

[0075] As shownin Fig. 2, the yoke 36 is comprised of
a cylindrical magnetic path part 36a that forms a magnetic
path in the inner circumference of the magnetic coil 35,
and aring-like magnetic path part 36b that forms the mag-
netic path in the motor side of the magnetic coil 35.
[0076] The anti-motor side edge part of the cylindrical
magnetic path part 36a fits and is fixed rotatably into the
perimeter of a part with middle stage 12b provided in the
frame member 12. The yoke 36 is arranged so that its
axis matches the axis of the armature shaft 2b.

[0077] Further, as shown in Fig.7, pluralities of en-
gagement slots 36¢ are formed along the direction of an
axis in the inner circumference of the ring-like magnetic
path part 36b.

[0078] As shown in Fig. 7, a part 36d is formed along
the entire outer circumference of the ring-like magnetic
path part 36b. A toothed ring 34d formed in the inner
circumference of the cylinder iron core part 34b of the
gear-switching member 34 engages to the teeth part 36d
so that the ring-like magnetic path part 36b suppresses
the relative rotation of the gear-switching member 34 in
the direction of a circumference.

[0079] However, movement of the gear-switching
member 34 in the direction of its axis is permitted. Fig. 7
is the perspective diagram of the coil unit, which the mag-
netic coil 35 and the yoke 36 are attached to the frame
member 12.

[0080] The return spring 37 is arranged between the
outer diameter part of the frame member 12 and a level
difference formed in the perimeter of the gear-switching
member 34. The return spring 37 pushes the gear-switch-
ing member 34 to the motor side.

[0081] When the magnetic coil 35 is not energized, the
gear-switching member 34 is pushed to the motor side
by the force of the return spring 37, and the teeth part
34c formed in the rotation suppressing part 34a of the
gear-switching member 34 engages with the teeth part
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25c formed in the 1st internal gear 25.

[0082] At this time, the motor side end surface of the
gear-switching member 34 contacts the joint member 33,
and the gear-switching member 34 stands still, as shown
in Fig. 2.

[0083] On the other hand, at the time the magnetic coil
35 is energized, the pushing force of the return spring 37
is resisted, and the gear-switching member 34 is attract-
ed by the electromagnet.

[0084] Then the teeth part 34c formed in the rotation
suppressing part 34a of the gear-switching member 34
engages with the teeth part 29d formed in the 2nd internal
gear 29.

[0085] At this time, the anti-motor side end surface of
the gear-switching member 34 contacts the frame mem-
ber 12, and the gear-switching member 34 stands still,
as shown in Fig. 3.

[0086] Next, the impact-absorbing mechanism 8 is ex-
plained hereafter.

[0087] AsshowninFig.8,the impact-absorbing mech-
anism 8 is constituted with a plurality of (two, for example)
rotating friction plates 39, a plurality of (two, for example)
fixed friction plates 40, and a pressing means, or a plate
spring 41 that presses the both plates 39 and 40 in be-
tween the frame member in the direction of an axis. The
impact-absorbing mechanism 8 is arranged in the space
defined by the perimeter of the bearing section 12a and
the inner circumference of the cylindrical magnetic path
part 36a of the yoke 36.

[0088] The bearing section 12a of the frame member
12 is formed extending cylindrically from an end of the
inner circumference of the frame member in the direction
of the diameter to the direction of the motor side, and
provided in the position that overlaps the cylindrical mag-
netic path part 36a of the yoke 36 in the direction of the
axis.

[0089] As shown in Fig. 9, the rotating friction plate 39
is formed in a ring shape having a round hole 39a that is
provided in the central part of the direction of a diameter,
and a plurality of convex part 39b is formed on the pe-
rimeter thereof.

[0090] As shown in Fig. 10, the fixed friction plate 40
is formed in a ring shape having a center hole 40a, and
a plurality of projection parts 40b and a plurality of fitting
slots 40c are provided in the inner circumference of the
center hole 40a.

[0091] The projection parts 40b are projected to the
one side of the direction of a thickness of the fixed friction
plate 40, and their width in the direction of the circumfer-
ence is formed in with two values; broad at the root side,
and narrow at the tip side.

[0092] The projections from the surface of the fixed
friction plate 40 of the broad part 40b1 having a broader
width in the direction of the circumference, project to
about the same height as the thickness of the rotating
friction plate 39. The height of the projection the narrow
part 40b2 having a narrower width in the direction of the
circumference is approximately the same as the thick-
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ness of the fixed friction plate 40.

[0093] By the way, Fig. 10A is a perspective diagram
which shows the fixed friction plate 40 viewed from the
other side (the side in which the projection parts 40b are
not projected) in the direction of the plate thickness, and
Fig. 10B is a perspective diagram which shows the fixed
friction plate 40 from the one side (the side in which the
projection parts 40b are projected) of the direction in the
plate thickness.

[0094] The inner diameter of the center hole 40a
formed in the fixed friction plate 40 is formed almost the
same in a size of the outer diameter of the bearing section
12a provided in the frame member 12 (however, the size
is set so that the perimeter of the bearing section 12a
can fit into the inner circumference of the center hole
40a).

[0095] The size of the inner diameter with the size
equivalent to twice the thickness of projection part 40b
added to the diameter of the center hole 40a is formed
almost equal to the inner diameter of the round hole 39a
(however, the size is set so that the plurality of projection
parts 40b are able to fit into the inner circumference of
the round hole 39a).

[0096] The fitting slots 40c are formed between the
adjoining projection parts in the direction of the circum-
ference, and are formed in the size that the narrow parts
40b2 of the projection parts 40b can fit exactly.

[0097] The above-mentioned rotating friction plates 39
and fixed friction plates 40 are stacked, alternating one-
by-one, and attached to the perimeter of bearing section
12a provided in the frame member 12. The friction plates
39 and 40 are pushed against the end surface of the
frame member 12 in response to the load of the plate
spring 41.

[0098] However, both the frictions plates 39 and 40 are
arranged from the frame member 12 side in the order of
the rotating friction plate 39, the fixed friction plate 40,
the rotating friction plate 39, and the fixed friction plate 40.
[0099] Moreover, the rotating friction plate 39 is rotat-
able to the frame member 12, and the relative rotation of
both the rotating friction plate 39 and the frame member
12 is suppressed by concavo-convex fitting the convex
part 39b provided in the perimeter to the engagement
slots 36¢ formed in the inner circumference of the cylin-
drical magnetic path part 36a of the yoke 36.

[0100] On the other hand, the rotation of the 1st fixed
friction plate 40 that has the rotating friction plate 39 be-
tween the frame members 12 is suppressed by fitting the
narrow part 40b2 of the projection part 40b into engaging
slot 12c (refer to Fig. 8) formed in the frame member 12.
Further, the rotation of the 2nd fixed friction plate 40 is
suppressed by fitting the narrow part 40b2 of the projec-
tion part 40b into fitting slot40c formed in the 1st fixed
friction plate 40. The plate spring 41 is fixed and caulked
to the end of the bearing section 12a in the state where
the slide torque of the rotating friction plate 39 is set as
the predetermined sliding torque.

[0101] Next, the operation of starter 1 is explained
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hereafter.

[0102] When the starting switch is closed, the switch
coil of the electromagnetic switch 7 is energized and the
plunger 15 is attracted therein. According to the move-
ment of the plunger 15, the clutch 4 and the pinion gear
5 will be pushed out in the anti-motor direction (left of Fig.
1) on the output shaft 3 via the shift lever 6. By the move-
ment of the plunger 15, the main point of contact closes,
thus the electric motor 2 is energized from the battery,
and the armature 2a starts rotating. The rotation of the
armature 2a is slowed down by the 1st reduction ratio or
the 2nd reduction ratio and transmitted to the output shaft
3. Further, the rotation of the armature 2a is transmitted
from the output shaft 3 to the pinion gear 5 via the clutch
4. When the pinion gear 5 engages to the ring gear, the
rotation is transmitted to the ring gear from the pinion
gear 5, and it cranks the engine.

[0103] After the engine has started by cranking and
the starting switch is opened, the energization to the
switch coil will be stopped, and the attractive force of the
electromagnetdisappears. Consequently, the plunger 15
will be pushed back by the reactive force of the return
spring 37 and the main point of contact opens and the
energization to the electric motor 2 from a battery is
stopped, thus rotation of the armature 2a slows down
gradually and stops.

[0104] Furthermore, when the plunger 15 is pushed
back, the clutch 4 is pushed back as well by the shift
movement of the shiftlever6i.e., in the opposite direction
for starting the engine. Thus the pinion gear 5 is disen-
gaged from the ring gear, and then returns back to the
predetermined position (the position shown in Fig. 1) to-
gether with the clutch 4 on the output shaft 3 and stops.
[0105] Next,the operation ofthe speed reducer system
is explained hereafter.

a) When the 1st reduction ratio is selected.

[0106] Since the magnetic coil 35 is in the OFF state,
and the teeth part 34c formed in the rotation suppressing
part 34a of the gear-switching member 34 and the teeth
part 25¢ formed in the 1st internal gear 25 are engaged,
the rotation of the 1stinternal gear 25 is suppressed and
rotation of the 2nd internal gear 29 is permitted (refer to
Fig. 2).

[0107] Therefore, the rotation generated in the arma-
ture 2a is transmitted to the 1st planet gear 24 from the
1st sun gear 20, and while the 1st planet gear 24 rotates,
it revolves the circumference of the 1st sun gear 20. On
the other hand, since the rotation of the 2nd internal gear
29is not suppressed (rotation is permitted), the 2nd plan-
et gear 28 only rotates according to the rotation of the
2nd sun gear 21, and does not revolve around the 1st
sun gear 20.

[0108] Thereby, the revolution of the 1st planet gear
24 is transmitted to the output shaft 3 from the planet
carrier 30. That is, the rotation of the armature 2a is
slowed down by the 1st reduction ratio, and is transmitted
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to the output shaft 3.
b) When the 2nd reduction ratio is selected.

[0109] When the magnetic coil 35 is turned ON by the
signal from the energization control means, the gear-
switching member 34 will be attracted by the electromag-
net, and will move to the anti-motor side resisting the
elastic force of the return spring 37.

[0110] Consequently, the engagement ofthe teeth part
34c formed in the rotation suppressing part 34a and the
teeth part 25¢ formed in the 1st internal gear 25 is can-
celed, and the engagement of the teeth part 34c formed
in the rotation suppressing part 34a and the teeth part
29d formed in the 2nd internal gear 29 is performed.
[0111] At this time, when the teeth part 34c and the
teeth part 29d are in the engageable position, in other
words, when the teeth part 34c (convex part) formed in
the rotation suppressing part 34a is located between the
teeth part 29d and the adjoined teeth part 29d (concave
part) formed in the 2nd internal gear 29, then the teeth
part 34c formed in the rotation suppressing part 34a en-
ters between the teeth part 29d and the adjoined teeth
part 29d formed in the 2nd internal gear 29, and engage-
ment of the both is completed. Thereby, the rotation of
the 2nd internal gear 29 is suppressed and rotation of
the 1st internal gear 25 is permitted (refer to Fig. 3).
[0112] On the other hand, when the gear-switching
member 34 is attracted to the anti-motor side by the elec-
tromagnet, and when the end surface of the teeth part
34c formed in the rotation suppressing part 34a and the
end surface of the teeth part 29d formed in the 2nd in-
ternal gear 29 contact in the direction of the axle, the 2nd
internal gear 29 rotates slowly with the rotation of the
armature 2a according to the 2nd gear ratio with the sun
gear 21.

[0113] Consequently, the position of the teeth part 29d
shifts in the direction of the circumference due to the at-
tracting force of the electromagnet. The attracting force
acts between the end surface of the teeth part 34c formed
in the rotation suppressing part 34a and the end surface
of the teeth part 29d formed in the 2nd internal gear 29.
Thus both of the teeth parts 29d and 34c can engage
when the teeth part 29d rotates to the position where the
teeth part 34c can engage.

[0114] After the rotation of the 2nd internal gear 29 has
been suppressed by the gear-switching member 34, if
rotation occurs in the armature 2a by closing the starting
switch, the rotation of the armature 2a is transmitted to
the 2nd planet gear 28 from the 2nd sun gear 21, and
the 2nd planet gear 28 rotates and revolves around the
circumference of 2nd sun gear 21. On the other hand,
since the rotation of the 1st internal gear 25 is not sup-
pressed (rotation is permitted), the 1st planet gear 24
only rotates according to the rotation of the 1st sun gear
20, and does not revolve around the 1st sun gear 20.
[0115] Thereby, revolution of the 2nd planet gear 28
is transmitted to the output shaft 3 from the planet carrier
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30. Thatis, the rotation of the armature 2a is slowed down
by the 2nd reduction ratio, and is transmitted to the output
shaft 3.

[0116] When the magnetic coil 35 is turned OFF by the
signal from the energization control means after the en-
gine has started, the attracting force of the electromagnet
to the gear-switching member 34 disappears, and will
move to the motor side by the elastic force of the return
spring 37.

[0117] Consequently, the engagement ofthe teeth part
34c formed in the rotation suppressing part 34a and the
teeth part 29d formed in the 2nd internal gear 29 is can-
celed, and the engagement of the teeth part 34c formed
in the rotation suppressing part 34a and the teeth part
25c formed in the 1st internal gear 25 is performed.
[0118] At this time, when the teeth part 34c and the
teeth part 25c are in the engageable position. In other
words, when the teeth part 34c (convex part) formed in
the rotation suppressing part 34a is located between the
teeth part 25c and the adjacent teeth part 25c (concave
part) formed in the 1st internal gear 25, then the teeth
part 34c formed in the rotation suppressing part 34a en-
ters between the teeth part 25¢ and the adjacent teeth
part 25¢ formed in the 1st internal gear 25, and engage-
ment of both is completed.

[0119] Thereby, the rotation of the 1st internal gear 25
is suppressed and rotation of the 2nd internal gear 29 is
permitted (refer to Fig. 2).

[0120] On the other hand, when the gear-switching
member 34 is pushed back to the motor side, and when
the end surface of the teeth part 34c formed in the rotation
suppressing part 34a and the end surface of the teeth
part 25¢ formed in the 1st internal gear 25 contact in the
direction of the axle, the state of the end surfaces of the
teeth part 34c and the teeth part 25c being contacted is
maintained while the force of the return spring 37 is ap-
plied.

[0121] When the armature 2a of the electric motor 2
rotates the next time the engine starts in the above state,
the 1st internal gear 25 rotates slowly according to the
gear ratio with the 1st sun gear 20, thus the position of
the teeth part 25¢ formed in the 1st internal gear 25 shifts
in the direction of the circumference, and both the teeth
parts can be engaged when the teeth part 25c rotates to
the position where it can engage the teeth part 34c
formed in the rotation suppressing part 34a. By this, the
rotation of the 1st internal gear 25 is suppressed, and
the rotation of the 2nd internal gear 29 is permitted, thus
starting the engine by the 1st reduction ratio becomes
possible.

[0122] Next, the characteristics of the starter 1 are ex-
plained hereafter with reference to Fig. 11.

[0123] The torque and speed at the time of using the
1st speed reducer (the 1st reduction ratio) are shown in
Fig. 11 by a solid line, and the torque and speed at the
time of using the 2nd speed reducer (the 2nd reduction
ratio) are shown in dashed line.

[0124] First, when the torque of the operating point at
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normal temperatures (in general, 5 to 35 degrees centi-
grade) is shown by Tw, the output at the time of using
the 1st reduction ratio is set to P1, and the speed is set
to N1, while he output at the time of using the 2nd reduc-
tion ratio is set to P2, and the speed is set to N2.
[0125] In the starter 1 of this embodiment, since the
1streductionratio is used in temperature conditions high-
er than 0 degree centigrade, an output is set to P1, the
speed is set to N1, the output and the speed improve
sharply and shortening of starting time can be aimed for,
compared to the case where the 2nd reduction ratio is
used.

[0126] On the other hand, when the torque of the op-
erating point in low temperature of minus 20 degrees
centigrade or less is shown by Tc, the output by conven-
tional single reduction ratio is Pc, and the speed is Nc.
[0127] In the starter 1 of this embodiment, since the
2nd reduction ratio is used in temperature conditions of
0 degree centigrade or less, the output becomes Pc, the
speed becomes Nc, and it becomes the same operating
point as conventional single reduction ratio. Thereby, the
same good low-temperature starting nature as the former
can be obtained.

[0128] Next, the operation of the impact-absorbing
mechanism 8 is explained hereafter.

[0129] If an excessive shock is applied to the starter
side from the engine side by a certain cause, the shocking
rotation load will be transmitted to the output axis 3 from
the pinion gear 5, and will be further transmitted to the
reduction gear from the output axis 3.

[0130] Atthis time, if the starter 1 is operated in the 1st
reduction ratio, for example, the rotation load will be
transmitted to the 1st internal gear 25 via the 1st planet
gear 24, thus the 1st internal gear 25 is going to rotate
in the counter direction of the output axis 3.

[0131] However, since the 1st internal gear 25 is en-
gaging with the gear-switching member 34 mechanically,
the rotation load is transmitted to the gear-switching
member 34.

[0132] Moreover, the gear-switching member 34 is
connected with the rotating friction plate 39 of the impact-
absorbing mechanism 8 via the yoke 36.

[0133] Specifically, the engagement of the tooth parts
36d formed in the ring-like magnetic path part 36b of the
yoke 36 and the tooth parts 34d of the cylindrical iron
core part 34b of the gear-switching member 34 suppress-
es the relative rotation of the both.

[0134] Furthermore, the engagement between the
convex part 39b provided in the rotating friction plate 39
and the engagement slots 36¢ formed in the cylindrical
magnetic path part 36a of the yoke 36 suppresses the
relative rotation of both.

[0135] Thereby, the shock generated by the shocking
rotation load is eased by the rotation load transmitted to
the gear-switching member 34 being transmitted to the
rotating friction plate 39 via a yoke 36, so that the rotating
friction plate 39 rotates between the end surface of the
frame member 12 and the fixed friction plate 40 with pre-
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determined frictional resistance.
[The effect of the embodiment]

[0136] The starter 1 of this embodiment is able to sup-
press reliably the rotation of the 1st internal gear 25 or
the 2nd internal gear 29 by mechanical engagement (en-
gagement of the teeth parts) to the gear-switching mem-
ber 34.

[0137] By moving the gear-switching member 34 in the
direction of the axis, the starter 1 is also being able to
change the reduction ratio by switching the internal gears
25 and 29 that suppress the rotation. According to this
composition, since suppressing and canceling the sup-
pression of the rotation of the two internal gears 25 and
29 can be performed in one gear-switching member 34,
the number of parts can be reduced and the structure
can be simplified.

[0138] Further, the composition is to move the gear-
switching member 34 in the direction of the axis for sup-
pressing and canceling the suppression of the rotation
of the two internal gears 25 and 29, and so it is not nec-
essary to move the gear-switching member 34 radially,
thus radial enlargement can be controlled.

[0139] When toothed parts are formed in the perimeter
of the two internal gears 25 and 29 on the opposite side
in the direction of the axle, respectively, for example, spe-
cifically, if toothed parts are formed in the perimeter of
the 1stinternal gear 25 on the direction of the motor side
and in the perimeter of the 2nd internal gear 29 on the
direction of the anti-motor side, respectively, it is neces-
sary to detach and form the 1st toothed part and the 2nd
toothed partin the direction of the axis on the gear-switch-
ing member 34.

[0140] Thatis, in order to form the 1st toothed part and
the 2nd toothed part on both sides of the axis ranging
over two internal gears 25 and 29, the length in the di-
rection of the axis of the gear-switching member 34 be-
comes long.

[0141] On the other hand, in the present invention,
since toothed parts are formed in the perimeter of the 1st
internal gear 25 and the 2nd internal gear 29 that face
each other in the direction of the axis, respectively, the
1st toothed part and the 2nd toothed part can be formed
closely in the direction of the axis, and it is possible to
shorten the length in the direction of the axis of the gear-
switching member 34.

[0142] Two internal gears 25 and 29 are arranged ad-
joining in the direction of the axis, and since the end sur-
faces of both internal gears 25 and 29 facing each other
in the direction of the axis are engaged rotatably in con-
cavo-convex manner, the axes of the both internal gears
25 and 29 can be matched.

[0143] Therefore, itis possible to control the inclination
of the centers of the two internal gears 25 and 29, and
to smoothly change the two internal gears 25 and 29 by
the gear-switching member 34.

[0144] In addition, since one of the two internal gears
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25 or 29 races because the engagement to the gear-
switching member 34 is canceled, it is possible to use a
low-mass resin material (polyamide resin, for example)
for at least one of the internal gears, thus unbalancing
influence that occurs to the racing internal gear can be
reduced, thus there will be an effect that can control the
vibration.

[0145] Although the magnetic coil 35 is used for the
driving means of the gear-switching member 34 in this
embodiment, the rotation of the internal gears 25 and 29
can be suppressed by a mechanical engagement of the
gear-switching member 34 without depending on the
power of attracting force of the magnetic coil 35, therefore
the magnetic coil 35 can be miniaturized.

[0146] That is, the magnetic force generated by the
magnetic coil 35 is needed only to attract the gear-switch-
ing member 34 in the direction of axis (the anti-motor
direction), thusiitis not necessary to suppress the rotation
of the internal gears 25 and 29 by the attracting force of
the magnetic coil 35, therefore the magnetic coil 35 can
be miniaturized.

[0147] Moreover, the starter 1 being enlarged in the
direction of the diameter is avoidable by arranging the
miniaturized magnetic coil 35 adjoining to the 2nd internal
gear 29 it in the direction of the axis.

[0148] Therelativerotation of the gear-switching mem-
ber 34 is suppressed in by engaging the toothed ring 34d
formed in the inner circumference of the cylinder iron
core part 34b to the teeth part 36¢ formed in the perimeter
of the ring-like magnetic path part 36b of the yoke 36. In
this case, it is not necessary to newly provide any parts
other than the yoke 36 in order to suppress the rotation
of the gear-switching member 34, thus the increase in
parts number can be controlled.

[0149] Further, the facing areas of the inner side of the
cylinder iron core part 34b and the perimeter side of the
ring-like magnetic path part 36b becomes large by form-
ing the teeth parts 34d and 36¢in the inner circumference
of the cylinder iron core part 34b and the inner circum-
ference of the ring-like magnetic path part 36b that face
each other in the direction of the diameter, respectively,
thus the magnetic resistance decreases and the attract-
ing force of the magnetic coil 35 can be improved.
[0150] Furthermore, since the ON/OFF state of the
magnetic coil 35is selected according to the outside tem-
perature in this embodiment, when outside air tempera-
ture is higher than 0 degree centigrade, the magnetic coil
35 is turned OFF and a small reduction ratio of the 1st
reduction ratio is selected, for example, it is possible to
shorten the engine starting time by increased speed of
the starter 1 instead of selecting the 2nd reduction ratio.
[0151] On the other hand, when the outside air tem-
perature is 0 degree centigrade or less, it is possible to
secure a good engine starting nature by selecting the a
large reduction ratio of the 2nd reduction ratio even if the
engine friction becomes large by the fall of outside air
temperature.

[0152] Moreover, if the 1st reduction ratio is selected
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when the outside air temperature is higher than 0 degree
centigrade, the frequency of using the 1st reduction ratio
will increase rather than the 2nd reduction ratio in many
areas on the earth, such as Japan, United States and
Europe, for example.

[0153] For this reason, the electric energy needed to
energize the magnetic coil 35 can be controlled to the
minimum by turning OFF the magnetic coil 35 when se-
lecting the frequently used 1st reduction ratio.

[0154] In the starter 1 of this embodiment, since the
gear-switching member 34 is connected with the rotating
friction plate 39 of the impact-absorbing mechanism 8
via the yoke 36, the power transfer system of the starter
1 can be protected when the excessive shock is applied
to the internal gear (the 1st internal gear 25 or the 2nd
internal gear 29) that engages with the gear-switching
member 34 by the rotation of the rotating friction plate 39
that eases the shock.

[0155] Further, by equipping the impact-absorbing
mechanism 8, it is possible to form the module of the
reduction gear (the 1st internal gear 25 and the 2nd in-
ternal gear 29) used for two gear reduction systems
smaller, and especially the outer diameter of the module
can be miniaturized.

[0156] Furthermore, since the impact-absorbing
mechanism 8 has a composition of having the rotating
friction plate 39 and the fixed friction plate 40 stacked in
the direction of their common axis, and is pressed in the
direction of its axis with the plate spring 41, so that the
parts are not disposed in the radial direction, so as not
to increase the diameter of the starter 1, it is not neces-
sary to secure a big loading space in the direction of the
diameter, and the impact-absorbing mechanism 8 can
be efficiently arranged in the space using the space de-
fined by the cylindrical magnetic path part 36a of the yoke
36 and the bearing section 12a provided in the frame
member 12.

[0157] Thereby, since the space for arranging the im-
pact-absorbing mechanism 8 is securable reasonably
even if the starter 1 has two speed reduction systems
and a reduction ratio changing means, the size of the
starter 1 can be controlled not to become large.

[0158] Moreover, the impact-absorbing mechanism 8
can improve an impact-absorbing capability by increas-
ing the number of plates that are used for the rotating
friction plate 39 and the fixed friction plate 40, respec-
tively.

[0159] In this case, the big impact-absorbing mecha-
nism 8 of impact-absorbing capability can be constituted
compactly, without expanding the size of the direction of
the axis sharply, since the impact-absorbing mechanism
8 is not enlarged in the direction of the diameter and both
the frictions plates 39 and 40 are piled up in the direction
of the plate thickness (the direction of the axis).
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Claims

A speed reduction type starter for an engine
equipped with a ring gear comprising:

a motor that has an armature shaft for generat-
ing torque,

two planetary gear reduction systems that have
different reduction ratios and that are installed
on the armature shaft of the motor;

means for choosing either one of the reduction
systems to change areduction ratio that reduces
the drive torque to be transmitted to from the
motor to the engine;

an output shaft to which the drive torque of the
motor is transmitted via the reduction system
chosen by the reduction ratio changing means;
a pinion gear that engages with the ring gear of
the engine arranged at a perimeter of the output
shaft;

an impact-absorbing mechanism that absorbs
any excessive shock when the excessive shock
is applied from the engine; and

the starter that starts the engine by transmitting
the drive torque of the motor amplified by the
reduction systems to the ring gear from the pin-
ion gear;

wherein the reduction ratio changing means engag-
es mechanically with one of two internal gears used
in the two gear reduction systems and suppresses
rotation of the one of internal gears,

the gear reduction systems comprises a gear-
switching means that permits rotation of the other
internal gear, the gear-switching means arranged in
a perimeter of the two internal gears coaxially and
is arranged movable in the direction of an axis, and
rotation of the gear-switching means is suppressed
via the impact-absorbing mechanism, so that the re-
duction ratio is changed by changing the internal
gear which rotation is suppressed by moving the
gear-switching means in the direction of the axis.

A speed reduction type starter for engines of Claim 1,
the starter further comprises:

a toothed part formed in the perimeter of the 1st
internal gear of the pair of internal gears ar-
ranged on the direction of the anti-motor side;
another toothed part formed in the perimeter of
the 2nd internal gear of the pair of internal gears
arranged on the direction of the motor side;

a 1st toothed part engageable with the toothed
part formed in the 1st internal gear; and

a 2nd toothed part engageable with the toothed
part formed in the 2nd internal gear formed in
the inner circumference of the engaging part;
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wherein the rotation of the 1st internal gear is sup-
pressed when the 1st toothed part engages with the
toothed part of the 1st internal gear by moving the
engaging part to the direction of motor side, and the
rotation of the 2nd internal gear is suppressed when
the 2nd toothed part engages with the toothed part
of the 2nd internal gear by moving the engaging part
to the direction of anti-motor side.

A speed reduction type starter for engines of Claim 2,
the 1st toothed part and the 2nd toothed part are
arranged as a unit in the direction of the axis contin-
uously.

A speed reduction type starter for engines of Claim 1,
end surfaces of the pair of internal gears facing each
other in the direction of the axis are engaged rotat-
ably in concavo-convex manner.

A speed reduction type starter for engines of Claim 1,
resin material is used for at least one of the internal
gears.

A speed reduction type starter for engines of Claim 1,
the starter further comprises:

an magnetic coil that forms an electromagnet by
energization and drives the engaging partto one
direction by the magnetic force of the electro-
magnet;

a return spring that pushes back the engaging
part to another direction when the energization
to the magnetic coil is stopped;

the 1st internal gear arranged on the direction
of the motor side; and

the 2nd internal gear arranged on the direction
of the anti-motor side;

wherein the magnetic coil is arranged nearly on ei-
ther the motor side of the 1stinternal gear or the anti-
motor side of the 2nd internal gear.

A speed reduction type starter for engines of Claim 6,
a ferromagnetic substance attracted by the electro-
magnet constitutes the engaging part.

A speed reduction type starter for engines of Claim 6,
the starter further comprises:

a yoke that lets magnetic flux generated by the
magnetic coil pass through, wherein the yoke
has a ring-like magnetic path part that is ar-
ranged between the magnetic coil and one of
the pair of the internal gears; and

the engaging part having a cylinder iron core
part that is extended in the direction of the axle
on the perimeter of the ring-like magnetic path
part;
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wherein an inner circumference of the cylinder iron
core part engages in concavo-convex manner to the
ring-like magnetic path part so that the rotation in the
direction of a circumference of the engaging part is
suppressed, while a movement in the direction of
axis is permitted.

A speed reduction type starter for engines of Claim
8, the yoke having a cylindrical magnetic path part
that extends from the inner circumference of the ring-
like magnetic path part to the inner circumference
side of the magnetic coil in the axial direction of the
anti-motor side,

a frame member for which rotation is suppressed
and provided unmovable in the direction of the axis
is arranged in the axial direction of the anti-gear re-
duction system of the magnetic coil,

a bearing section that supports the perimeter of the
output axis rotatably via a bearing is provided inte-
grally in aninner circumference of the frame member
in the direction of the diameter,

the bearing section is extended cylindrically to the
direction of the motor side and the bearing is dis-
posed therein, and

the impact-absorbing mechanism is arranged in the
space defined by the perimeter of the bearing section
and the inner circumference of the cylindrical mag-
netic path part.

A speed reduction type starter for engines of Claim
9, the impact-absorbing mechanism comprises:

a rotating friction plate that is arranged rotatably
to the frame member, and its own perimeter part
is engaged in a concavo-convex manner with
the inner periphery of the ring-like magnetic path
part so that the rotation is suppressed;

a fixed friction plate that is stacked with the ro-
tating friction plate in the direction of an axis and
suppressed its rotation by the frame member;
and

a pressing means that presses the rotating fric-
tion plate and the fixed friction plate in between
the frame member in the direction of its axis,

wherein the impact-absorbing mechanism absorbs
an excessive shock by the sliding (rotating) of the
rotating friction plate that resists the friction power
when the excessive shock exceeding a slide torque
of the rotating friction plate applied to the internal
gear that engages with the gear-switching means.

A speed reduction type starter for engines of Claim
10, the impact-absorbing mechanism is constituted
by using a plurality of the rotating friction plates and
the fixed friction plates stacked alternating one-by-
one.
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A speed reduction type starter for engines of Claim 6,
the engaging part suppresses the rotation of the in-
ternal gear used for the speed reducer system with
the low reduction ratio when the magnetic coil is not
energized, and the engaging part suppresses the
rotation of the internal gear used for the speed re-
ducer system with the high reduction ratio when the
magnetic coil is energized.

A speed reduction type starter for engines of Claim 6,
the engaging part suppresses the rotation of the in-
ternal gear used for the frequently used speed re-
ducer system when the magnetic coil is not ener-
gized, and the engaging part suppresses the rotation
of the internal gear used for the not frequently used
speed reducer system when the magnetic coil is en-
ergized.

A speed reduction type starter for engines of Claim
12,

the magnetic coil is not energized when the outside
air temperature is higher than 0 degree centigrade,
and the magnetic coil is energized when the outside
air temperature is 0 degree centigrade or less.

A speed reduction type starter for engines of Claim
13,

the magnetic coil is not energized when the outside
air temperature is higher than 0 degree centigrade,
and the magnetic coil is energized when the outside
air temperature is 0 degree centigrade or less.



e ¢z e 6C pg L
z @N/ _N [ /] /7 /

AN NaT=aY

14

EP 2 048 356 A2

SSSSSAN

9l [ L 61 6

1014



39

EP 2 048 356 A2

FIG.2

37 30 34 29 34c 95

33

32

1 )
AN GVANAWNA TN
e N
N1 /\
. NS~
38a /\ <0 —— //
12 o ——7 2
B SN = - Q[ 27
12a _f NN = f ng
SN A o 20
37 5 2a
ST IN A I
’ ML ¢ — 21
10 \\\\ == | L
31T I 1 (i 22
= | \,: _ \\%/23
AN |
° NG = /% ﬁj e
tt\ N NN / —l/ ------- :
D </®%/\i >E—< ,
g%éw\\m\\Qv\
| / ] \
36a 36b, 994 31 34c 25¢

36

15



EP 2 048 356 A2

36

16



EP 2 048 356 A2

FIG.4

ul
=
(72]
a
<)
|
o
=

ANTI-MOTOR SIDE

FIG.5

L
=]
7]
a
o
-
o
=
=
=
A

MOTOR SIDE

17



EP 2 048 356 A2

34d

MOTOR SIDE

ANTI-MOTOR SIDE

FIG.7

ANTI-MOTOR SIDE

¥
I(l o q

MOTOR SIDE

18



EP 2 048 356 A2

12 35 362 g

36¢
& Nl -\7§v36b
N\

]
AT
12b % N /\/Q L\ N30
/
39 B f\/\
| [ TN T————t—40
N /Efw '
\ ¥ \L*_/41
N N
v/

) I
3

12¢ 12a 13 1

19



EP 2 048 356 A2

20



— = OUTPUT
——> TORQUE
—— SPEED

EP 2 048 356 A2

FIG.11

TERMINAL VOLTAGE

————= CURRENT

21



EP 2 048 356 A2
REFERENCES CITED IN THE DESCRIPTION
This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

«  JP 61028756 A [0002] «  JP 61282650 A [0005] [0007]
«  JP 61236951 A [0005] [0006]

22



	bibliography
	description
	claims
	drawings

