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(54) Starter having two planetary speed reducers with different speed reduction ratios

(57) A starter (1) is disclosed which includes a speed
reducer assembly and a speed reduction ratio shifter (34,
36, 37). The speed reducer assembly includes first and
second planetary speed reducers respectively having
first and second speed reduction ratios. The speed re-
duction ratio shifter shifts the speed reduction ratio of the
speed reducer assembly between the first and second
speed reduction ratios. The speed reduction ratio shifter

includes a gear engaging member (34) and a driver. The
driver includes a first spring (36) made of a shape mem-
ory alloy and a second spring (37) made of an ordinary
spring material, which are respectively disposed on op-
posite sides of the gear engaging member in the axial
direction of an armature shaft (2b). The driver drives the
gear engaging member to move in the axial direction by
using the difference between restoring forces of the first
and second springs.
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Description

BACKGROUND OF THE INVENTION

1 Technical Field of the Invention

�[0001] The present invention relates to a starter for starting an engine of a motor vehicle which includes two planetary
speed reducers with different speed reduction ratios.

2 Description of the Related Art

�[0002] A conventional starter for starting an engine of a motor vehicle, such as the one disclosed in Japanese Patent
First Publication No. S61-28756, includes a planetary (or epicyclic) speed reducer that reduces the rotational speed of
a motor into the rotational speed of an output shaft of the starter at a fixed speed reduction ratio.
�[0003] The fixed speed reduction ratio is generally set based on the torque required to start the engine at the lowest
operating temperature (e.g., about -20°C), at which the engine friction is largest. Therefore, when the starter starts the
engine at normal operating temperatures, at which the engine friction is smaller and thus the torque required to start the
engine is also smaller, the operating point on the performance curve of the motor is shifted toward the low-�load side.
Consequently, the output power of the motor is decreased, so that the speed of the motor cannot greatly increase.
�[0004] On the other hand, the time required to start the engine decreases with increase in the output speed (i.e., the
speed after the speed reduction by the planetary speed reducer) of the starter. Moreover, with increase in the output
speed of the starter, vibration of the motor during the engine starting operation is decreased, making the driver of the
vehicle more comfortable and resulting in a decreased amount of exhaust gas from the engine.
�[0005] Therefore, it is desirable to increase the output speed of the starter at normal operating temperatures by lowering
the speed reduction ratio of the planetary speed reducer. In other words, it is desirable for the planetary speed reducer
to have two different speed reduction ratios, one for use at low operating temperatures and the other for use at normal
operating temperatures.
�[0006] To meet the above desire, Japanese Patent First Publication No. S61-236951 discloses a starter which includes
a planetary speed reducer with two different speed reduction ratios. The lower speed reduction ratio is 1 (i.e., both the
input and output shafts of the speed reducer rotate at the same speed), while the higher speed reduction ratio is higher
than 1 but lower than 10.
�[0007] However, with the lower speed reduction ratio of 1, in some cases, it may be difficult for the starter to generate,
at normal operating temperatures, sufficiently large torque to start the engine. Moreover, the starter has a complicated
structure with a large number of components, making it difficult to downsize the starter.
�[0008] Japanese Patent First Publication No. S61-282650 discloses a method of using two planetary speed reducers
with different speed reduction ratios in a starter. More specifically, for selecting each time only one of the two speed
reducers to function, a break band is provided in each of the speed reducers around the outer periphery of an internal
gear. When the break band is fastened, rotation of the internal gear is restricted, thereby enabling the speed reducer to
function. On the other hand, when the break band is loosened, the internal gear is allowed to rotate, thereby disabling
the speed reducer from functioning.
�[0009] However, in the above publication, there is disclosed no means for controlling the break band in each of the
speed reducers. Therefore, it is difficult to readily apply the method to practical starter designs.

SUMMARY OF THE INVENTION

�[0010] The present invention has been made in view of the above-�mentioned problems.
�[0011] According to the present invention, there is provided a starter (1) for starting an engine which includes a motor
(2), an output shaft (3), a pinion gear (5), a speed reducer assembly, and a speed reduction ratio shifter (34, 36, 37).
The motor (2) generates torque. The motor (2) includes an armature shaft (2b) through which the generated torque is
output from the motor (2). The output shaft (3) is linked to the armature shaft (2b) to receive the torque generated by
the motor (2). The pinion gear (5) is provided on the output shaft (3), and is configured to mesh with a ring gear of the
engine, thereby starting the engine with the torque generated by the motor (2). The speed reducer assembly is connected
between the armature shaft (2b) and the output shaft (3) to reduce the rotational speed of the armature shaft (2b) into
the rotational speed of the output shaft (3) at a speed reduction ratio. The speed reducer assembly includes first and
second planetary speed reducers. The first speed reducer (20, 24, 25, 30) has a first speed reduction ratio. The second
speed reducer (21, 28, 29, 30) has a second speed reduction ratio that is higher than the first speed reduction ratio. The
speed reduction ratio shifter (34, 36, 37) shifts the speed reduction ratio of the speed reducer assembly between the
first and second speed reduction ratios by selectively allowing one of the first and second speed reducers to function.
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�[0012] Further, in the starter (1), the first speed reducer includes a first internal gear (25) and is configured to function
as a speed reducer only when the first internal gear (25) is restricted in rotation. The first internal gear (25) is disposed
around the armature shaft (2b). The second speed reducer includes a second internal gear (29) and is configured to
function as a speed reducer only when the second internal gear (29) is restricted in rotation. The second internal gear
(29) is disposed around the armature shaft (2b) and away from the first internal gear (25) in the axial direction of the
armature shaft (2b). The speed reduction ratio shifter includes a gear engaging member (34) and a driver (36, 37) for
driving the gear engaging member (34). The gear engaging member (34) is configured to move in the axial direction of
the armature shaft (2b) to selectively engage with one of the first and second internal gears (25, 29), thereby restricting
rotation of the engaged one of the first and second internal gears (25, 29) while allowing rotation of the other. The driver
includes a first spring (36) and a second spring (37), which are respectively disposed on opposite sides of the gear
engaging member (34) in the axial direction of the armature shaft (2b), and drives the gear engaging member (34) to
move in the axial direction by using the difference between restoring forces of the first and second springs (36, 37). The
first spring (36) is made of a shape memory alloy so that the restoring force of the first spring (36) is dependent on
ambient temperature. The second spring (37) is made of an ordinary spring material so that the restoring force of the
second spring (37) is independent of the ambient temperature.
�[0013] With the above configuration, when the ambient temperature is higher than a predetermined value (e.g., 0°C),
the speed reduction ratio shifter shifts the speed reduction ratio of the speed reducer assembly to the first speed reduction
ratio. Consequently, the rotational speed of the output shaft (3) can be increased, thereby shortening the time required
to start the engine. On the other hand, when the ambient temperature is not higher than the predetermined value, the
speed reduction ratio shifter shifts the speed reduction ratio of the speed reducer assembly to the second speed reduction
ratio. Consequently, the starter (1) can reliably output the torque required to start the engine though the engine friction
is large at such a low ambient temperature.
�[0014] Further, with the above configuration, rotation of the first and second internal gears (25, 29) is restricted and
allowed by using the single gear engaging member (34). Consequently, the number of components of the starter (1)
can be reduced and the structure of the starter (1) can be simplified. Moreover, the gear engaging member (34) is moved
in the axial direction of the armature shaft (2b) only by using the difference between the restoring forces of the first and
second springs (36, 37). Consequently, no electric power is needed to drive the gear engaging member (34), saving the
total electric power consumption for the engine start operation. Furthermore, to restrict and allow rotation of the first and
second internal gears (25, 29), the gear engaging member (34) is moved only in the axial direction of the armature shaft
(2b). Consequently, without having to move the gear engaging member (34) in the radial direction of the armature shaft
(2b), the radial dimension of the starter (1) can be minimized.
�[0015] According to a further implementation of the invention, the first internal gear (25) is disposed closer to the motor
(2) in the axial direction of the armature shaft (2b) than the second internal gear (29). The first internal gear (25) has a
concave-�convex portion (25c) that is formed on the outer periphery of the first internal gear (25) on the side of the output
shaft (3). The second internal gear (29) has a concave-�convex portion (29d) that is formed on the outer periphery of the
second internal gear (29) on the side of the motor (2). The gear engaging member (34) has formed, on the inner periphery
thereof, a first concave- �convex portion (34b) for engaging with the concave-�convex portion (25c) of the first internal gear
(25) and a second concave-�convex portion (34b) for engaging with the concave- �convex portion (29d) of the second
internal gear (29). When the driver drives the gear engaging member (34) to move toward the motor (2), the first concave-
convex portion (34b) of the gear engaging member (34) is brought into engagement with the concave-�convex portion
(25c) of the first internal gear (25), thereby restricting rotation of the first internal gear (25). When the driver drives the
gear engaging member (34) to move toward the output shaft (3), the second concave- �convex portion (34b) of the gear
engaging member (34) is brought into engagement with the concave-�convex portion (29d) of the second internal gear
(29), thereby restricting rotation of the second internal gear (29).
�[0016] Preferably, the first and second concave-�convex portions (34b, 34b) of the gear engaging member (34) are
integrally formed into a single concave-�convex portion (32b).
�[0017] The first internal gear (25) has an axial end face on the side of the output shaft (3), and the second internal
gear (29) has an axial end face on the side of the motor (2). A protrusion (25a) is formed on one of the axial end faces
of the first and second internal gears (25, 29), and a recess (29a) is formed in the other of the axial end faces. The first
and second internal gears (25, 29) are so disposed as to be rotatable relative to each other with the protrusion (25a) fit
in the recess (29a).
�[0018] The starter (1) further includes: a starter housing (9); a frame (12) fixed to the starter housing (9) and having
a cylindrical bearing box (12a) which is formed in the inner periphery of the frame (12) and in which a bearing (13) is
disposed to rotatably support the output shaft (3); a shock absorber (8) provided on the outer periphery of the cylindrical
bearing box (12a) formed in the frame (12) to absorb a shock input from the engine to the starter (1); and a movement
restricting member (35) that is interposed in the axial direction of the armature shaft (2b) between the frame (12) and
the second internal gear (29) to restrict movement of the second internal gear (29) toward the frame (12), the movement
restricting member (35) being restricted in rotation by the frame (12) via the shock absorber (8). Moreover, the gear
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engaging member (34) is disposed radially outward of the movement restricting member (35) to extend in the axial
direction of the armature shaft (2b). The gear engaging member (34) has a concave-�convex portion (34c) on its inner
periphery, and the movement restricting member (35) has a concave-�convex portion (35b) on its outer periphery. The
concave-�convex portion (34c) of the gear engaging member (34) engages with the concave- �convex portion (35b) of the
movement restricting member (35), allowing relative movement between the two members (34, 35) in the axial direction
of the armature shaft (2b) while restricting relative rotation between the two members (34, 35).
�[0019] The shock absorber (8) is disposed within a space formed between the outer periphery of the bearing box (12a)
and the inner periphery of the movement restricting member (35).
�[0020] The shock absorber (8) includes: at least one rotatable friction plate (38) that has an outer periphery fitted to
the inner periphery of the movement restricting member (35), thereby being restricted in relative rotation to the movement
restricting member (35); at least one fixed friction plate (39) that is disposed to overlap with the at least one rotatable
friction plate (38) in the axial direction of the armature shaft (2b) and restricted in rotation by the frame (12); and a presser
(40) that is located with the rotatable and fixed friction plates (38, 39) interposed between itself and the frame (12) and
presses them against the frame (12) to absorb the shock with friction between the rotatable and fixed friction plates (38, 39).
�[0021] Preferably, the at least one rotatable friction plate (38) comprises a plurality of rotatable friction plates (38),
and the at least one fixed friction plate (39) comprises a plurality of fixed friction plates (39). The plurality of rotatable
friction plates (38) are alternately overlapped with the plurality of fixed friction plates (39) in the axial direction of the
armature shaft (2b).

BRIEF DESCRIPTION OF THE DRAWINGS

�[0022] The present invention will be understood more fully from the detailed description given hereinafter and from
the accompanying drawings of one preferred embodiment of the invention, which, however, should not be taken to limit
the invention to the specific embodiment but are for the purpose of explanation and understanding only.
�[0023] In the accompanying drawings:�

FIG. 1 is a partially cross-�sectional view showing the overall structure of a starter according to an embodiment of
the invention;
FIG. 2 is a partially cross-�sectional view showing part of the starter when a gear engaging member of a speed
reduction ratio shifter is in a first engagement position;
FIG. 3 is a partially cross-�sectional view showing part of the starter when the gear engaging member is in a second
engagement position;
FIG. 4 is a perspective view showing the structure of a first internal gear of the starter;
FIG. 5 is a perspective view showing the structure of a second internal gear of the starter;
FIG. 6 is a perspective view showing the structure of the gear engaging member;
FIG. 7 is a perspective view showing the assembly of a shock absorber, a movement restricting member, and a
frame of the starter;
FIG. 8 is a graph illustrating the change in modulus of rigidity of a shape memory alloy with temperature;
FIG. 9 is a partially cross- �sectional view showing the structure of the shock absorber;
FIG. 10 is a perspective view showing the structure of a rotatable friction plate of the shock absorber;
FIGS. 11A and 11B are perspective views from opposite sides of a fixed friction plate of the shock absorber; and
FIG. 12 is a graph showing the performance characteristics of the starter.

DESCRIPTION OF PREFERRED EMBODIMENT

�[0024] One preferred embodiment of the present invention will be described hereinafter with reference to FIGS. 1-12.
�[0025] FIG. 1 shows the overall structure of a starter 1 according to an embodiment of the invention. The starter 1 is
designed to start an internal combustion engine of a motor vehicle.
�[0026] As shown in FIG. 1, the starter 1 includes: a motor 2 that generates torque for starting the engine; a speed
reducer assembly (to be described later) that reduces the rotational speed of the motor 2; an output shaft 3 that is driven
by the motor 2 via the speed reducer assembly; a speed reduction ratio shifter (to be described later) that shifts the
speed reduction ratio of the speed reducer assembly; a clutch 4 and a pinion gear 5 that are integrally provided on the
output shaft 3; a shift lever 6 that shifts the clutch 4 and pinion gear 5 along the output shaft 3; a solenoid switch 7 that
opens and closes main contacts (not shown) included in a power supply circuit of the motor 2 and actuates the shift
lever 6; a shock absorber 8 (see FIG. 8) that absorbs shocks transmitted from the engine to the starter 1; and a starter
housing 9 for fixing the starter 1 to the engine.
�[0027] The motor 2 is implemented by a commutator motor which includes an armature 2a and both a commutator
(not shown) and brushes (not shown) for supplying electric power to the armature 2a.
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�[0028] The armature 2a includes an armature shaft 2b via which the torque generated by the motor 2 is output. A front
end portion of the armature shaft 2b is inserted in a recess formed in a rear end portion of the output shaft 3 and rotatably
supported by the rear end portion via a bearing 10 provided in the recess. On the other hand, a rear end portion of the
armature shaft 2b is rotatably supported by an end frame 11 via a bearing (not shown).
�[0029] The output shaft 3 is coaxially disposed with the armature shaft 2b. The rear end portion of the output shaft 3
is rotatably supported, as shown in FIG. 2, by a frame 12 via a bearing 13 that is provided in a cylindrical bearing box
12a formed in the frame 12. On the other hand, a front end portion of the output shaft 3 is rotatably supported by the
starter housing 9 via a bearing 14.
�[0030] In addition, the frame 12 has a radially outer periphery fitted to the radially inner periphery of a cylindrical wall
portion 9a of the starter housing 9, thereby being fixed to the starter housing 9.
�[0031] The clutch 4 is helical spline-�fitted on the output shaft 3 to transmit rotation of the output shaft 3 to the pinion
gear 5. The clutch 4 is a one-�way clutch which allows torque transmission from the motor 2 to the engine while inhibiting
torque transmission from the engine to the motor 2. More specifically, when the engine has started and the pinion gear
5 comes to be driven by the engine to rotate faster than the output shaft 3, the clutch 4 interrupts torque transmission
from the pinion gear 5 to the output shaft 3.
�[0032] The pinion gear 5 is configured to be shifted by the shift lever 6 to mesh with a ring gear (not shown) of the
engine, thereby driving the ring gear with torque that is transmitted to the pinion gear 5 via the clutch 4.
�[0033] The solenoid switch 7 includes a solenoid (not shown) and a plunger 15. When the solenoid is energized by
electric power from a battery (not shown) upon closing a starter switch (not shown), it creates a magnetic attraction for
the plunger 15. The magnetic attraction causes the plunger 15 to move backward to close the main contacts of the power
supply circuit of the motor 2. Further, when the solenoid is deenergized by interrupting the electric power supply from
the battery, the magnetic attraction disappears. Then, the plunger 15 is returned forward by a return spring (not shown)
to its initial position, thereby opening the main contacts of the power supply circuit of the motor 2.
�[0034] The main contacts are made up of a pair of fixed contacts (not shown) and a moving contact (not shown). The
fixed contacts are fixed in a resin cover 7a of the solenoid switch 7, and electrically connected to the power supply circuit
of the motor 2 via a pair of terminals 16 and 17 mounted on the resin cover 7a. The moving contact is configured to
move along with the plunger 15 to connect and disconnect the fixed contacts. More specifically, when the moving contact
makes contact with both the fixed contacts to connect (or bridge) the fixed contacts, the main contacts of the power
supply circuit are closed. Further, when the moving contact is detached from both the fixed contacts to disconnect the
fixed contacts, the main contacts are opened.
�[0035] The shift lever 6 has a fulcrum portion 6a that is rotatably held by a lever holder 18, and two opposite ends
respectively on opposite sides of the fulcrum portion 6a. One of the two ends is mechanically connected to a rod 19
mounted to the plunger 15, and the other engages with the clutch 4 to transmit the motion of the plunger 15 to the clutch 4.
�[0036] Referring to FIG. 2, the speed reducer assembly includes a first planetary speed reducer having a first sun
gear 20 provided on the armature shaft 2b and a second planetary speed reducer having a second sun gear 21 provided
on the armature shaft 2b. In the present embodiment, the first speed reducer has a lower speed reduction ratio than the
second speed reducer. Hereinafter, the speed reduction ratios of the first and second speed reducers are respectively
referred to as first and second speed reduction ratios.
�[0037] The first sun gear 20 is located more backward than the second sun gear 21, and has both a larger tip diameter
and a larger number of teeth than the second sun gear 21.
�[0038] The first speed reducer further includes a plurality of (e.g., 3 in the present embodiment) first planet gears 24
and a first internal gear (or annulus) 25. Each of the first planet gears 24 is rotatably supported by a planet pin 23 via a
bearing 22 and meshes with the first sun gear 20. The first internal gear 25 is concentrically disposed with the first sun
gear 20 and meshes with each of the first planet gears 24.
�[0039] Similarly, the second speed reducer further includes a plurality of (e.g., 3 in the present embodiment) second
planet gears 28 and a second internal gear (or annulus) 29. Each of the second planet gears 28 is rotatably supported
by a planet pin 27 via a bearing 26 and meshes with the second sun gear 21. The second internal gear 29 is concentrically
disposed with the second sun gear 21 and meshes with each of the second planet gears 28.
�[0040] The first and second speed reducer has a common planet carrier 30 that is formed integrally with the output
shaft 3 and has both the planet pins 23 and the planet pins 27 fixed thereto. Further, the planet pins 23 are alternately
arranged with the planet pins 27 in the circumferential direction of the planet carrier 30. In addition, on each of the planet
pins 23, there is interposed a spacer 31 between the planet carrier 30 and a corresponding one of the first planet gears
24, thereby preventing the corresponding first planet gear 24 from moving toward the planet carrier 30.
�[0041] The first internal gear 25 has, as shown in FIG. �4, an annular small-�outer diameter portion 25a on the front side
and an annular large-�outer diameter portion 25b on the rear side. The first internal gear 25 further has an annular toothed
portion 25c between the small-�outer diameter portion 25a and the large-�outer diameter portion 25b. The toothed portion
25c has a plurality of outer teeth formed on the outer periphery thereof over its entire circumference, and has a tip
diameter of outer teeth equal to the outer diameter of the large-�outer diameter portion 25b. Furthermore, the first internal
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gear 25 is toothed on the inner periphery thereof over its entire axial length.
�[0042] The first internal gear 25 is, as shown in FIG. 2, concentrically disposed with the armature shaft 2b by rotatably
fitting the large-�outer diameter portion 25b into a hollow joint member 33; the joint member 33 is held between a yoke
32 of the motor 2 and the cylindrical wall portion 9a of the starter housing 9. In other words, the first internal gear 25 is
centered by the joint member 33.
�[0043] The second internal gear 29 has, as shown in FIG. 5, an annular small-�outer diameter portion 29b on the rear
side and an annular large-�outer diameter portion 29c on the front side. The second internal gear 29 further has an annular
toothed portion 29d between the small-�outer diameter portion 29b and the large- �outer diameter portions 29c. The toothed
portion 29d has a plurality of outer teeth formed on the outer periphery thereof over its entire circumference, and has a
tip diameter of outer teeth equal to the outer diameter of the large- �outer diameter portion 29c. Furthermore, the second
internal gear 29 is toothed on the inner periphery thereof only over the axial lengths of the large- �outer diameter portion
29c and the toothed portion 29d. The inner diameter of the small-�outer diameter portion 29a is made larger than the root
diameter of inner teeth of the large-�outer diameter portion 29c and toothed portion 29d, forming a recess 29a at the rear
end of the second internal gear 29.
�[0044] The outer teeth of the toothed portion 25c of the first internal gear 25 has the same tip and root diameters as
the outer teeth of the toothed portion 29d of the second internal gear 29. Further, the number of outer teeth of the toothed
portion 25c of the first internal gear 25 is equal to that of the toothed portion 29d of the second internal gear 29.
�[0045] The tip diameter of the inner teeth of the first internal gear 25 is smaller than that of the inner teeth of the second
internal gear 29. Further, the number of inner teeth of the first internal gear 25 is also smaller than that of the second
internal gear 29.
�[0046] The outer diameter of the small-�outer diameter portion 25a of the first internal gear 25 is made smaller than
the inner diameter of the small-�outer diameter portion 29b of the second internal gear 29, thereby allowing the small-
outer diameter portion 25a of the first internal gear 25 to be rotatably fitted into the recess 29a formed in the second
internal gear 29, as shown in FIG. 2.
�[0047] The speed reduction ratio shifter includes, as shown in FIGS. 2 and 3, a gear engaging member 34 that
mechanically engages with either of the first and second internal gears 25 and 29 and a driver for driving the gear
engaging member 34 to move in the axial direction of the armature shaft 2b.
�[0048] The gear engaging member 34 has a substantially hollow cylindrical shape, and is coaxially disposed with the
first and second internal gears 25 and 29 to surround them.
�[0049] Referring to FIG. 6, the gear engaging member 34 has a protruding portion 34a that protrudes radially outward
from the outer periphery of the gear engaging member 34. The gear engaging member 34 further has first inner teeth
34b and second inner teeth 34c that are respectively formed on rear and front parts of the inner periphery of the gear
engaging member 34.
�[0050] The gear engaging member 34 is centered by fitting the protruding portion 34a to the inner periphery of the
cylindrical wall portion 9a of the starter housing 9, as shown in FIG. 2. The gear engaging member 34 is movable in the
axial direction of the armature shaft 2b, and restricted in rotation by a movement restricting member 35 interposed
between the frame 12 and the second internal gear 29.
�[0051] When the gear engaging member 34 is moved backward to a first engagement position, as shown in FIG. 2,
the first inner teeth 34b mesh, over the rear half of the axial length thereof, with the outer teeth 25c of the first internal
gear 25. In other words, in the first engagement position, the gear engaging member 34 mechanically engages with the
first internal gear 25.
�[0052] Moreover, when the gear engaging member 34 is moved forward to a second engagement position, as shown
in FIG. 3, the first inner teeth 34b mesh, over the front half of the axial length thereof, with the outer teeth 29d of the
second internal gear 29. In other words, in the second engagement position, the gear engaging member 34 mechanically
engages with the second internal gear 29.
�[0053] The axial length of the first inner teeth 34b is made slightly smaller than the axial space between the outer
teeth 25c of the first internal gear 25 and the outer teeth 29d of the second internal gear 29. Therefore, the first inner
teeth 34b of the gear engaging member 34 never concurrently mesh with both the outer teeth 25c of the first internal
gear 25 and the outer teeth 29d of the second internal gear 29. In other words, the gear engaging member 34 each time
engages with only one of the first and second internal gears 25 and 29. In addition, to ensure the engagement of the
gear engaging member 34 with either of the first and second internal gears 25 and 29 to be smoothly established, axial
corner portions of the first inner teeth 34b of the gear engaging member 34, the outer teeth 25c of the first internal gear
25, and the outer teeth 29d of the second internal gear 29 are preferably chamfered.
�[0054] The axial length of the second inner teeth 34c of the gear engaging member 34 is made larger than that of the
first inner teeth 34b. Moreover, the tip diameter of the second inner teeth 34c is made larger than the root diameter of
the first inner teeth 34b, thereby preventing the second inner teeth 34c from interfering with the second internal gear 29
during the axial movement of the gear engaging member 34.
�[0055] The movement restricting member 35 has a hollow cylindrical shape, and is centered by fitting a front end
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portion of the member 35 onto a step portion 12b of the frame 12.
�[0056] Referring to FIG. 7, the movement restricting member 35 has a flange portion 35a that is formed at the rear
end of the member 35 to extend radially outward. On the outer periphery of the flange portion 35a, there are formed a
plurality of outer teeth 35b over the entire circumference of the flange portion 35a. The movement restricting member
35 further has a plurality of grooves 35c that are formed in the inner periphery of the member 35. The use of the grooves
35c will be described later.
�[0057] Referring back to FIG. 2, a rear end face of the movement restricting member 35 (i.e., the rear end face of the
flange portion 35a) abuts a front end face of the second internal gear 29, thereby restricting forward movement of the
first and second internal gears 25 and 29. Moreover, the outer teeth 35b of the movement restricting member 35 mesh
with the inner teeth 34c of the gear engaging member 34, thereby restricting relative rotation between the two members
34 and 35.
�[0058] The driver for driving the gear engaging member 34 is configured with first and second springs 36 and 37 both
of which are provided on the gear engaging member 34. The first spring 36 is made of a shape memory alloy, and
located on the front side of the protruding portion 34a of the gear engaging member 34. On the other hand, the second
spring 37 is made of an ordinary spring material without a shape memory effect (or without a capability of remembering
its own shape), and located on the rear side of the protruding portion 34a of the gear engaging member 34. In addition,
the shape memory alloy may be implemented by an alloy of nickel and titanium which has excellent corrosion resistance
and is lighter than ordinary spring materials.
�[0059] The modulus of rigidity of the shape memory alloy forming the first spring 36 changes with temperature as
shown in FIG. 8. More specifically, in the present embodiment, the modulus of rigidity of the shape memory alloy rapidly
increases from a value A to a value B when the ambient temperature increases to exceed a predetermined temperature
of, for example, 0°C.
�[0060] The spring constant and restoring force of the first spring 36 can be determined by the following equations: 

=
where k is the spring constant of the first spring 36, G is the modulus of rigidity of the shape memory alloy, d is the
diameter of wire of the first spring 36, n is the number of active turns of the first spring 36, D is the effective diameter of
the first spring 36, P is the restoring force (or load) of the first spring 36, and δ is the amount of deformation of the first
spring 36.
�[0061] From the above equations, it is made clear that the restoring force P of the first spring 36 is proportional to the
modulus of rigidity G of the shape memory alloy. Accordingly, the restoring force P of the first spring 36 is smaller at low
operating temperatures below 0 °C and larger at normal operating temperatures above 0°C.
�[0062] In the present embodiment, the restoring force of the first spring 36 is so set as to be larger than the restoring
force of the second spring 37 when the ambient temperature is higher than 0°C, but smaller than the restoring force of
the second spring 37 when the ambient temperature is equal to or lower than 0°C.
�[0063] With the above configuration, when the ambient temperature is higher than 0°C, the restoring force of the first
spring 36 prevails over that of the second spring 37. Consequently, the gear engaging member 34 is pressed backward
by the difference between the restoring forces of the first and second springs 36 and 37, thereby moving to and resting
in the first engagement position as shown in FIG. 2. As described previously, in the first engagement position, the gear
engaging member 34 engages with the first internal gear 25, with the first inner teeth 34b of the gear engaging member
34 meshing with the outer teeth 25c of the first internal gear 25. In addition, in the first engagement position, the gear
engaging member 34 is restricted in backward movement by the joint member 33, with a rear end face of the gear
engaging member 34 abutting the joint member 33.
�[0064] On the other hand, when the ambient temperature is equal to or lower than 0°C, the restoring force of the
second spring 37 prevails over that of the first spring 36. Consequently, the gear engaging member 34 is pressed forward
by the difference between the restoring forces of the first and second springs 36 and 37, thereby moving to and resting
in the second engagement position as shown in FIG. 3. As described previously, in the second engagement position,
the gear engaging member 34 engages with the second internal gear 29, with the first inner teeth 34b of the gear
engaging member 34 meshing with the outer teeth 29d of the second internal gear 29. In addition, in the second
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engagement position, the gear engaging member 34 is restricted in forward movement by the frame 12, with a front end
face of the gear engaging member 34 abutting the frame 12.
�[0065] The shock absorber 8 is, as shown in FIG. 9, composed of a plurality of (e.g., 2 in the present embodiment)
rotatable friction plates 38, a plurality of (e.g., 2 in the present embodiment) fixed friction plates 39 that are interleaved
with the rotatable friction plates 38, and a Belleville spring 40 that presses the rotatable and fixed friction plates 38 and
39 forward to hold them between itself and the frame 12. The shock absorber 8 is disposed within a space between the
outer periphery of the bearing box 12a formed in the frame 12 and the inner periphery of the movement restricting
member 35.
�[0066] Each of the rotatable friction plates 38 has, as shown in FIG. 10, an annular shape with a circular opening 38a
formed at the radial center. Further, on the outer periphery of each of the rotatable friction plates 38, there are formed
a plurality of protrusions 38b that protrude radially outward.
�[0067] Each of the fixed friction plates 39 has, as shown in FIGS. 11A and 11B, an annular shape with a circular
opening 39a formed at the radial center. Further, on the inner periphery of each of the fixed friction plates 39, there are
formed a plurality of protrusions 39b that are spaced in the circumferential direction of the fixed friction plate 39 to form
a plurality of grooves 39c therebetween. Each of the protrusions 39b extends in the axial direction of the fixed friction
plate 39 on one side of the fixed friction plate 39. Each of the protrusions 39b has a large-�width portion 39b1 on the
proximal side and a small-�width portion 39b2 on the distal side. The large- �width portion 39b1 has a larger width in the
circumferential direction of the fixed friction plate 39 than the small-�width portion 39b2. Further, the length of the large-
width portion 39b1 in the axial direction of the fixed friction plate 39 is almost equal to the thickness of the rotatable
friction plates 39.
�[0068] The circular opening 39a has a diameter almost equal to the outer diameter of the cylindrical bearing box 12a
formed in the frame 12, permitting the fixed friction plate 39 to be fitted onto the bearing box 12a. Further, the sum of
the diameter of the circular opening 39a and twice the thickness of the protrusions 39b is almost equal to the diameter
of the circular opening 38a of each of the rotatable friction plates 38, allowing the protrusions 39b being fitted into the
circular opening 38a.
�[0069] The grooves 39c have a width in the circumferential direction of the fixed friction plate 39 almost equal to that
of the small-�width portions 39b2 of the protrusions 39b. Consequently, the small-�width portions 39b2 of the protrusions
39b in one fixed friction plate 39 can be fitted into the grooves 39c in another fixed friction plate 39.
�[0070] Referring back to FIG. 9, the rotatable friction plates 38 are alternately arranged with the fixed friction plates
39 on the outer periphery of the bearing box 12a formed in the frame 12. Further, the rotatable and fixed friction plates
38 and 39 are held between the frame 12 and the Belleville spring 40 under the restoring force of the Belleville spring 40.
�[0071] Each of the rotatable friction plates 38 is rotatable relative to the frame 12. Further, the protrusions 38b formed
on the outer periphery of each of the rotatable friction plates 38 are respectively fitted into the grooves 35c (see FIG. 7)
formed in the inner periphery of the movement restricting member’ 35, thereby restricting relative rotation between the
rotatable friction plate 38 and the movement restricting member 35.
�[0072] The most forward-�located fixed friction plate 39 is restricted in rotation by fitting the small- �width portions 39b2
of the protrusions 39b formed therein respectively into grooves 12c (see FIG. 9) formed in the frame 12. The other fixed
friction plate 39 is restricted in rotation by fitting the small-�width portions 39b2 of the protrusions 39b formed therein into
the grooves 39c formed in the most forward-�located fixed friction plate 39.
�[0073] The Belleville spring 40 is crimped on the outer periphery of the cylindrical bearing box 12a, with the slip torque
of the rotatable friction plates 38 set to a predetermined value.
�[0074] After having described the structure of the starter 1 according to the present embodiment, operations thereof
will be described hereinafter.

1. Overall operation of the starter

�[0075] When the solenoid of the solenoid switch 7 is energized upon closing the starter switch, it creates a magnetic
attraction to attract the plunger 15 to move forward. Then, with the forward movement of the plunger 15, the pinion gear
5 is shifted forward, together with the clutch 4, by the shift lever 6 to mesh with the ring gear of the engine. At the same
time, with the forward movement of the plunger 15, the main contacts of the power supply circuit of the motor 2 are
closed, so that the motor 2 is supplied with electric power from the battery to generate torque. Further, the rotation of
the armature 2a of the motor 2 is transmitted, through the speed reduction by the speed reducer assembly at either of
the first and second speed reduction ratios, to the pinion gear 5 via the output shaft 3 and the clutch 4. Consequently,
the torque generated by the motor 2 is transmitted from the pinion gear 5 to the ring gear of the engine, thereby starting
the engine.
�[0076] As soon as the engine has started, the solenoid of the solenoid switch 7 is deenergized upon opening the
starter switch, causing the magnetic attraction for the plunger 15 to disappear. Then, the plunger 15 is returned forward
by the return spring to its initial position, thereby opening the main contacts of the power supply circuit of the motor 2.
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At the same time, with the returning movement of the plunger 15, the pinion gear 5 is shifted backward, together with
the clutch 4, by the shift lever 6 to its initial position. Consequently, the pinion gear 5 is detached from the ring gear of
the engine, so that torque transmission between the motor 2 and the engine is interrupted.

2. Operation of the speed reducer assembly

�[0077]

a) When the ambient temperature is higher than 0°C, the modulus of rigidity of the first spring 36 which is made of
the shape memory alloy is higher than the value B as shown in FIG. 8. Consequently, the restoring force of the first
spring 36 prevails over that of the second spring 37, and thus the gear engaging member 34 is pressed backward
by the difference between the restoring forces of the first and second springs 36 and 37. As a result, the gear
engaging member 34 is brought into engagement with the first internal gear 25 as shown in FIG. 2, so that rotation
of the first internal gear 25 is restricted by the gear engaging member 34, whereas rotation of the second internal
gear 29 is permitted. �
The torque generated by the motor 2 is transmitted from the armature shaft 2b, via the first sun gear 20, to the first
planet gears 24. Then, with the first internal gear 25 being restricted in rotation, each of the first planet gears 24
rotates on its axis while orbiting the first sun gear 20. On the other hand, the torque generated by the motor 2 is
also transmitted from the armature shaft 2b, via the second sun gear 21, to the second planet gears 28. Then, with
the second internal gear 29 being permitted to rotate, each of the second planet gears 28 rotates on its axis without
orbiting the second sun gear 21. As a result, only the orbital motion of the first planet gears 24 is transmitted, via
the planet carrier 30, to the output shaft 3. In other words, the rotation of the armature shaft 2b is transmitted to the
output shaft 3 through a speed reduction at the first speed reduction ratio.
b) When the ambient temperature decreases from above 0°C to below 0°C, the modulus of rigidity of the first spring
36 rapidly drops from above the value B to below the value A as shown in FIG. 8. Consequently, the restoring force
of the second spring 37 prevails over that of the first spring 36, and thus the gear engaging member 34 is pressed
forward by the difference between the restoring forces of the first and second springs 36 and 37. As a result, the
gear engaging member 34 is brought into engagement with the second internal gear 29 as shown in FIG. 3, so that
rotation of the second internal gear 29 is restricted by the gear engaging member 34, whereas rotation of the first
internal gear 25 is permitted. �
In addition, when the gear engaging member 34 has moved forward to the second internal gear 29 and the front
end face of the first inner teeth 34b of the gear engaging member 34 makes contact with the rear end face of the
outer teeth 29d of the second internal gear 29, the second internal gear 29 rotates slowly with rotation of the armature
shaft 2b. Once the second internal gear 29 has rotated to an angular position where the first inner teeth 34b of the
gear engaging member 34 can mesh with the outer teeth 29d of the second internal gear 29, the gear engaging
member 34 is moved further forward by the difference between the restoring forces of the first and second springs
36 and 37 to bring the first inner teeth 34b into mesh with the outer teeth 29d.�
The torque generated by the motor 2 is transmitted from the armature shaft 2b, via the second sun gear 21, to the
second planet gears 28. Then, with the second internal gear 29 being restricted in rotation, each of the second
planet gears 28 rotates on its axis while orbiting the second sun gear 21. On the other hand, the torque generated
by the motor 2 is also transmitted from the armature shaft 2b, via the first sun gear 20, to the first planet gears 24.
Then, with the first internal gear 25 being permitted in rotation, each of the first planet gears 24 rotates on its axis
without orbiting the first sun gear 20. As a result, only the orbital motion of the second planet gears 28 is transmitted,
via the planet carrier 30, to the output shaft 3. In other words, the rotation of the armature shaft 2b is transmitted to
the output shaft 3 through a speed reduction at the second speed reduction ratio.
c) When the engine is stopped and the ambient temperature has recovered from below 0°C to above 0°C, the
modulus of rigidity of the first spring 36 recovers to be higher than the value B as shown in FIG. 8. Consequently,
the restoring force of the first spring 36 comes to prevail over that of the second spring 37, and thus the gear engaging
member 34 is moved backward by the difference between the restoring forces of the first and second springs 36
and 37.

�[0078] When the gear engaging member 34 has moved backward to the first internal gear 25 and the first internal
gear 25 is just in an angular position where the first inner teeth 34b of the gear engaging member 34 can mesh with the
outer teeth 25c of the first internal gear 25, the gear engaging member 34 is moved further backward to bring the first
inner teeth 34b into mesh with the outer teeth 25c. As a result, a new engagement between the gear engaging member
34 and the first internal gear 25 is established, while the previous engagement between the gear engaging member 34
and the second internal gear 29 is broken.
�[0079] Otherwise, when the gear engaging member 34 has moved backward to the first internal gear 25 and the rear
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end face of the first inner teeth 34b of the gear engaging member 34 makes contact with the front end face of the outer
teeth 25c of the first internal gear 25, the gear engaging member 34 cannot move backward anymore and kept in the
axial position by the difference between the restoring forces of the first and second springs 36 and 37. In the next engine
starting operation, when the first internal gear 25 has rotated, with rotation of the armature shaft 2b, to an angular position
where the first inner teeth 34b of the gear engaging member 34 can mesh with the outer teeth 25c of the first internal
gear 25, the gear engaging member 34 is moved further backward to bring the first inner teeth 34b into mesh with the
outer teeth 25c. As a result, a new engagement between the gear engaging member 34 and the first internal gear 25 is
established, while the previous engagement between the gear engaging member 34 and the second internal gear 29 is
broken.
�[0080] FIG. 12 shows the performance characteristics of the starter 1, where both the output toque and output speed
of the starter 1 when the first speed reducer is used are indicated with solid lines and those when the second speed
reducer is used are indicated with dashed lines.
�[0081] First, when the ambient temperature is below, for example, -20°C, the torque required to start the engine is
equal to, for’ example, Tc.
�[0082] In this case, according to the present embodiment, the speed reduction assembly reduces the speed of the
motor 2 at the second speed reduction ratio (i.e., the second speed reducer is selected), and the output power and
output speed of the starter 1 are respectively equal to Pc and Nc.
�[0083] The second speed reduction ratio, which is higher than the first speed reduction ratio, is so set as to be equal
to the fixed speed reduction ratio of a conventional starter that includes only a single speed reducer.
�[0084] Therefore, according to the present embodiment, the starter 1 can reliably output the torque Tc required to
start the engine at the low ambient temperature of below -20°C.
�[0085] Further, when the ambient temperature is in the range of, for example, 5 to 35°C, the torque required to start
the engine is decreased from Tc to, for example, Tw.
�[0086] In this case, according to the present embodiment, the speed reduction assembly reduces the speed of the
motor 2 at the first speed reduction ratio (i.e., the first speed reducer is selected), and the output power and output speed
of the starter 1 are respectively equal to P1 and N 1.
�[0087] In comparison, if the second speed reducer was used in this case instead of the first speed reducer, the output
power and output speed of the starter 1 would be respectively equal to P2 and N2, which are considerably smaller than
P1 and N 1.
�[0088] Accordingly, it is made clear that compared to the conventional starter, the starter 1 according to the present
embodiment can output higher power and speed at normal operating temperatures, thereby considerably shortening
the time required to start the engine.

3. Operation of the shock absorber 8

�[0089] When a shock is input from the engine to the starter 1, an impulse torque due to the shock is transmitted from
the pinion gear 5 to the output shaft 3, and further from the output shaft 3 to the speed reducer assembly. Assuming
that the speed reducer assembly is operating, for example, at the first speed reduction ratio, then the impulsive torque
is further transmitted to the first internal gear 25 via the first planet gears 24, urging the first internal gear 25 to rotate in
an opposite direction to the output shaft 3.
�[0090] However, since the first internal gear 25 is in mechanical engagement with the gear engaging member 34, the
impulsive torque is further transmitted from the first internal gear 25 to the gear engaging member 34.
�[0091] The gear engaging member 34 is mechanically connected to the rotatable friction plates 38 of the shock absorber
8 via the movement restricting member 35. More specifically, the outer teeth 35b of the movement restricting member
35 are in mesh with the second inner teeth 34c of the gear engaging member 34, restricting relative rotation between
the movement restricting member 35 and the gear engaging member 34. Further, the protrusions 38b formed on the
outer peripheries of the rotatable friction plates 38 are fit in the grooves 35c formed in the inner periphery of the movement
restricting member 35, restricting relative rotation between the rotatable friction plates 38 and the movement restricting
member 35. Consequently, the impulsive torque transmitted to the gear engaging member 34 is further transmitted to
the rotatable friction plates 39 via the movement restricting member 35, and is consumed by friction between the rotatable
friction plates 38 and both the fixed friction plates 39 and the frame 12. Thus, the shock input from the engine to the
starter 1 is absorbed by the shock absorber 8.
�[0092] The above-�described starter 1 according to the present embodiment has the following advantages.
�[0093] In the present embodiment, the speed reducer assembly includes the first and second planetary speed reducers
that respectively have the first and second speed reduction ratios; the first speed reduction ratio is lower than the second
speed reduction ratio. The speed reduction ratio shifter shifts the speed reduction ratio of the speed reducer assembly
between the first and second speed reduction ratios according to the ambient temperature.
�[0094] When the ambient temperature is higher than 0°C, the speed reduction ratio shifter shifts the speed reduction
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ratio of the speed reducer assembly to the first speed reduction ratio. Consequently, the output speed of the starter 1
can be increased, thereby shortening the time required to start the engine.
�[0095] On the other hand, when the ambient temperature is not higher than 0°C, the speed reduction ratio shifter shifts
the speed reduction ratio of the speed reducer assembly to the second speed reduction ratio. Consequently, the starter
1 can reliably output the torque required to start the engine though the engine friction is large at such a low ambient
temperature.
�[0096] In the present embodiment, the speed reduction ratio shifter includes the gear engaging member 34 and the
driver for driving the gear engaging member. The gear engaging member 34 is movable in the axial direction of the
armature shaft 2b and selectively engages with one of the first and second internal gears 25 and 29, thereby restricting
rotation of the engaged one of the first and second internal gears 25 and 29 while allowing rotation of the other. The
driver includes the first spring 36 made of the shape memory alloy and the second spring 37 made of the ordinary spring
material. The driver drives the gear engaging member 34 to move in the axial direction of the armature shaft 2b by using
the difference between the restoring forces of the first and second springs 36 and 37; the difference depends on the
ambient temperature.
�[0097] With the above configuration, rotation of the first and second internal gears 25 and 29 is restricted and allowed
by using the single gear engaging member 34. Consequently, the number of components of the starter 1 can be reduced
and the structure of the starter 1 can be simplified.
�[0098] Further, the gear engaging member 34 is moved in the axial direction of the armature shaft 2b only by using
the difference between the restoring forces of the first and second springs 36 and 37. Consequently, no electric power
is needed to drive the gear engaging member 34, saving the total electric power consumption for the engine start operation.
�[0099] Furthermore, to restrict and allow rotation of the first and second internal gears 25 and 29, the gear engaging
member 34 is moved only in the axial direction of the armature shaft 2b. Consequently, without having to move the gear
engaging member 34 in the radial direction of the armature shaft 2b, the radial dimension of the starter 1 can be minimized.
�[0100] In the present embodiment, the first internal gear 25 has the outer teeth 25c that is formed on the outer periphery
of the first internal gear 25 on the front side. The second internal gear 29 has the outer teeth 29d that is formed on the
outer periphery of the second internal gear 29 on the rear side. The gear engaging member 34 has formed, on the inner
periphery thereof, the first inner teeth 34b for engaging with the outer teeth 25c of the first internal gear 25 as well as
with the outer teeth 29d of the second internal gear 29.
�[0101] With the above configuration, the axial distance between the outer teeth 25c of the first internal gear 25 and
the outer teeth 29d of the second internal gear 29 can be minimized, thereby making it possible to minimize the axial
length of the gear engaging member 34.
�[0102] Further, since the engaging portions of the gear engaging member 34 for engaging with the first and second
internal gears 25 and 29 are integrally formed into the common first internal teeth 34b, the number of components of
the starter 1 can be reduced, thereby reducing the manufacturing cost of the starter 1.
�[0103] In the present embodiment, the first internal gear 25 has a protrusion 25a (i.e., the annular small-�outer diameter
portion 25a as shown in FIG. 4) formed on the front side, and the second internal gear 29 has the recess 29a formed
on the rear side. The first and second internal gears 25 and 29 are so disposed as to be rotatable relative to each other
with the protrusion 25a fit in the recess 29a.
�[0104] With the above configuration, the axes of the first and second internal gears 25 and 29 can be made coincident
with each other, allowing the gear engaging member (34) to be smoothly moved between the first and second engagement
positions. In other words, the speed reduction ratio of the speed reducer assembly can be smoothly shifted between the
first and second speed reduction ratios.
�[0105] In the present embodiment, the gear engaging member 34 has the second inner teeth 34c formed on the inner
periphery, and the movement restricting member 35 has the outer teeth 35b formed on the outer periphery. The second
inner teeth 34c of the gear engaging member 34 mesh with the outer teeth 35b of the movement restricting member 35.
�[0106] With the above configuration, it is possible to restrict rotation of the gear engaging member 34 by utilizing the
movement restricting member 35 that is provided for the purpose of restricting the axial movement of the second internal
gear 29. As a result, the number of components of the starter 1 can be reduced and the structure of the starter 1 can
be simplified.
�[0107] In the present embodiment, there is provided the shock absorber 8 to absorb shocks input from the engine to
the starter 1.
�[0108] With the shock absorber 8, it is possible to protect the starter 1 from the shocks. Further, with the use of the
shock absorber 8, the modules of the first and second internal gears 25 and 29 can be reduced, thereby downsizing the
first and second internal gears 25 and 29.
�[0109] Further, in the present embodiment, the shock absorber 8 is disposed within the space between the outer
periphery of the bearing box 12a formed in the frame 12 and the inner periphery of the movement restricting member 35.
�[0110] With the above arrangement, it is possible to provide the shock absorber 8 inside the starter 1 without increasing
the size of the starter 1.
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�[0111] In the present embodiment, the rotatable friction plates 38 are alternately arranged in the axial direction of the
armature shaft 2b with the fixed friction plates 39.
�[0112] The above arrangement allows the shock absorber 8 to be easily disposed within the above-�described space.
Further, the arrangement allows the use of sufficient number of the rotatable and fixed friction plates 38 and 39, thereby
ensuring the shock- �absorbing capability of the shock absorber 8.
�[0113] While the above particular embodiment of the invention has been shown and described, it will be understood
by those skilled in the art that various modifications, changes, and improvements may be made without departing from
the spirit of the disclosed concept.
�[0114] For example, in the previous embodiment, most engaging portions between the first and second internal gears
25 and 29, the gear engaging member 34, and the movement restricting member 35 are embodied in the form of teeth,
such as the outer teeth 25a of the first internal gear 25, the outer teeth 29a of the second internal gear 29, the first and
second inner teeth 34b and 34c of the gear engaging member 34, and the outer teeth 35b of the movement restricting
member 35. However, those engaging portions may also be embodied in other concave-�convex forms, such as a
combination of a plurality of protrusions with a plurality of recesses.

Claims

1. A starter (1) for starting an engine, the starter (1) comprising: �

a motor (2) that generates torque, the motor (2) including an armature shaft (2b) through which the generated
torque is output from the motor (2);
an output shaft (3) linked to the armature shaft (2b) to receive the torque generated by the motor (2);
a pinion gear (5) provided on the output shaft (3), the pinion gear (5) being configured to mesh with a ring gear
of an engine, thereby starting the engine with the torque generated by the motor (2);
a speed reducer assembly connected between the armature shaft (2b) and the output shaft (3) to reduce
rotational speed of the armature shaft (2b) into rotational speed of the output shaft (3) at a speed reduction
ratio, the speed reducer assembly including first and second planetary speed reducers, the first speed reducer
(20, 24, 25, 30) having a first speed reduction ratio, the second speed reducer (21, 28, 29, 30) having a second
speed reduction ratio that is higher than the first speed reduction ratio; and
a speed reduction ratio shifter (34, 36, 37) that shifts the speed reduction ratio of the speed reducer assembly
between the first and second speed reduction ratios by selectively allowing one of the first and second speed
reducers to function,

wherein
the first speed reducer includes a first internal gear (25) and is configured to function as a speed reducer only when
the first internal gear (25) is restricted in rotation, the first internal gear (25) being disposed around the armature
shaft (2b),�
the second speed reducer includes a second internal gear (29) and is configured to function as a speed reducer
only when the second internal gear (29) is restricted in rotation, the second internal gear (29) being disposed around
the armature shaft (2b) and away from the first internal gear (25) in the axial direction of the armature shaft (2b),�
the speed reduction ratio shifter includes a gear engaging member (34) and a driver (36, 37) for driving the gear
engaging member (34),�
the gear engaging member (34) is configured to move in the axial direction of the armature shaft (2b) to selectively
engage with one of the first and second internal gears (25, 29), thereby restricting rotation of the engaged one of
the first and second internal gears (25, 29) while allowing rotation of the other, �
the driver includes a first spring (36) and a second spring (37), which are respectively disposed on opposite sides
of the gear engaging member (34) in the axial direction of the armature shaft (2b), and drives the gear engaging
member (34) to move in the axial direction by using the difference between restoring forces of the first and second
springs (36, 37), the first spring (36) being made of a shape memory alloy so that the restoring force of the first
spring (36) is dependent on ambient temperature, the second spring (37)� being made of an ordinary spring material
so that the restoring force of the second spring (37) is independent of the ambient temperature.

2. The starter (1) as set forth in Claim 1, wherein the first internal gear (25) is disposed closer to the motor (2) in the
axial direction of the armature shaft (2b) than the second internal gear (29),�
the first internal gear (25) has a concave- �convex portion (25c) that is formed on the outer periphery of the first internal
gear (25) on the side of the output shaft (3),�
the second internal gear (29) has a concave-�convex portion (29d) that is formed on the outer periphery of the second
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internal gear (29) on the side of the motor (2),�
the gear engaging member (34) has formed, on the inner periphery thereof, a first concave-�convex portion (34b)
for engaging with the concave-�convex portion (25c) of the first internal gear (25) and a second concave- �convex
portion (34b) for engaging with the concave-�convex portion (29d) of the second internal gear (29),�
when the driver drives the gear engaging member (34) to move toward the motor (2), the first concave-�convex
portion (34b) of the gear engaging member (34) is brought into engagement with the concave- �convex portion (25c)
of the first internal gear (25), thereby restricting rotation of the first internal gear (25), and
when the driver drives the gear engaging member (34) to move toward the output shaft (3), the second concave-
convex portion (34b) of the gear engaging member (34) is brought into engagement with the concave-�convex portion
(29d) of the second internal gear (29), thereby restricting rotation of the second internal gear (29).

3. The starter (1) as set forth in Claim 2, wherein the first and second concave- �convex portions (34b, 34b) of the gear
engaging member (34) are integrally formed into a single concave-�convex portion (32b).

4. The starter (1) as set forth in Claim 2, wherein the first internal gear (25) has an axial end face on the side of the
output shaft (3), and the second internal gear (29) has an axial end face on the side of the motor (2), �
a protrusion (25a) is formed on one of the axial end faces of the first and second internal gears (25, 29), and a
recess (29a) is formed in the other of the axial end faces, and
the first and second internal gears (25, 29) are so disposed as to be rotatable relative to each other with the protrusion
(25a) fit in the recess (29a).

5. The starter (1) as set forth in Claim 2, further comprising:�

a starter housing (9);
a frame (12) fixed to the starter housing (9) and having a cylindrical bearing box (12a) which is formed in the
inner periphery of the frame (12) and in which a bearing (13) is disposed to rotatably support the output shaft (3);
a shock absorber (8) provided on the outer periphery of the cylindrical bearing box (12a) formed in the frame
(12) to absorb a shock input from the engine to the starter (1); and
a movement restricting member (35) that is interposed in the axial direction of the armature shaft (2b) between
the frame (12) and the second internal gear (29) to restrict movement of the second internal gear (29) toward
the frame (12), the movement restricting member (35) being restricted in rotation by the frame (12) via the shock
absorber (8),

wherein
the gear engaging member (34) is disposed radially outward of the movement restricting member (35) to extend in
the axial direction of the armature shaft (2b),�
the gear engaging member (34) has a concave- �convex portion (34c) on its inner periphery, and the movement
restricting member (35) has a concave-�convex portion (35b) on its outer periphery, �
the concave- �convex portion (34c) of the gear engaging member (34) engages with the concave-�convex portion
(35b) of the movement restricting member (35), allowing relative movement between the two members (34, 35) in
the axial direction of the armature shaft (2b) while restricting relative rotation between the two members (34, 35).

6. The starter (1) as set forth in Claim 5, wherein the shock absorber (8) is disposed within a space formed between
the outer periphery of the bearing box (12a) and the inner periphery of the movement restricting member (35).

7. The starter (1) as set forth in Claim 6, wherein the shock absorber (8) includes:�

at least one rotatable friction plate (38) that has an outer periphery fitted to the inner periphery of the movement
restricting member (35), thereby being restricted in relative rotation to the movement restricting member (35);
at least one fixed friction plate (39) that is disposed to overlap with the at least one rotatable friction plate (38)
in the axial direction of the armature shaft (2b) and restricted in rotation by the frame (12); and
a presser (40) that is located with the rotatable and fixed friction plates (38, 39) interposed between itself and
the frame (12) and presses them against the frame (12) to absorb the shock with friction between the rotatable
and fixed friction plates (38, 39).

8. The starter (1) as set forth in Claim 7, wherein the at least one rotatable friction plate (38) comprises a plurality of
rotatable friction plates (38), and the at least one fixed friction plate (39) comprises a plurality of fixed friction plates
(39), and
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the plurality of rotatable friction plates (38) are alternately overlapped with the plurality of fixed friction plates (39)
in the axial direction of the armature shaft (2b).
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