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(54) Starter for internal combustion engine

(57) The present invention relates to a starter for an
engine, capable of driving the engine at a high torque at
the beginning of the starting and of driving it in a high-
rotation condition at the end of the starting. An inner cir-
cumferential tapered portion of a movable cam plate is
pressed against an outer circumferential portion of an
outer cam of a clutch so that the outer cam and an in-
ternal gear are integrated to rotate at the same speed.

Thus, on the epicycle reduction principle, in an epicycle
reduction gear device, a sun gear, a planetary gear and
an arm portion enter an identical-rotation condition, that
is, a reduction ratio 1 condition. Moreover, an outer cir-
cumferential tapered portion of the movable cam plate
is pressed against a tapered portion of a housing so that
the internal gear is placed into a fixed, non-rotatable
condition, thereby providing an ordinary epicycle reduc-
tion to produce a high reduction ratio.
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Description

BACKGROUND OF THE INVENTION

1) Field of the Invention

[0001] The present invention relates to a starter serv-
ing as a starting apparatus for starting an internal com-
bustion engine, and more particularly to an output char-
acteristic of the starter.

2) Description of the Related Art

[0002] In the recent years, to cope with the environ-
mental problems, requirements exist in that a starter be-
comes small in size but high in torque and rotation. In
general, in starting an internal combustion engine, a
need for a high torque exists at an initial stage, but a
need for a low torque exists after the first explosive com-
bustion. For this reason, basically, the series type has
been employed so far. However, for the purpose of size
reduction, the trend in the starter has been toward a
higher internal reduction ratio for a higher torque. This
signifies that there is a tendency that difficulty is expe-
rienced in easily acquiring the rotation after the comple-
tion of the combustion, except the first explosive com-
bustion. Recently, the magnet type (so-called the shunt
type) has been employed from the viewpoint of the cost-
down and size reduction, which makes it increasingly
difficult to enhance the speed of rotation.
[0003] Accordingly, the optimum reduction ratio be-
comes unobtainable in both the high-temperature and
low-temperature conditions of an engine as shown in
FIG. 16. FIG. 16 is a graphic illustration of torque-rota-
tion speed characteristic curves at various reduction ra-
tios in the case of a 2-kW starter. For the actual coun-
termeasures against this, a plurality of reduction ratios
are arranged, which leads to the difficulty of standardi-
zation. Recently, a requirement also exists for enhanc-
ing the speed of rotation of a starter after the engine
ignition (that is, an overrunning state of the starter).
However, this actually requires its larger body confor-
mation. For example, a 1.4-kW starter is acceptable only
for the starting, but the compatibility between the torque
and the rotation is accomplished through the use of a
2-kW starter. This is remote from the reduction in size
and weight.
[0004] One approach to solve this problem is to switch
the internal reduction ratio of the starter in a multistage
fashion for accomplishing the compatibility between a
high torque and a high rotation. Japanese Patent Laid-
Open No. 2001-153008 discloses a two-stage reduction
technique using a solenoid, and Japanese Patent Laid-
Open No. SHO 63-195383 discloses a variable-speed
technique using gear wheels. However, these tech-
niques cause a more complicated reduction mechanism
and a larger body conformation.
[0005] That is, the former technique requires a large

solenoid unit and special control on a temperature sen-
sor and other components for the operation thereof, and
the latter technique requires a reduction apparatus larg-
er in body conformation than the motor for the variable-
speed arrangement. Therefore, these techniques be-
come not only larger in body conformation but also more
complicated and even higher in manufacturing cost. In
consequence, the employment of a standard starter
higher one or two grades than usual becomes more ad-
vantageous in size and cost. Such a variable-speed
technique is remote from the practical use. Moreover,
Japanese Patent Laid-Open Nos. 2001-295865 and
HEI 10-115274 also disclose such types of starters.

SUMMARY OF THE INVENTION

[0006] The present invention has been developed
with a view to eliminating these problems, and it is there-
fore an object of the invention to provide a starter capa-
ble of realizing variable reduction through the use of an
internal gear type planetary reduction mechanism usu-
ally used for starters without requiring a complicated
control mechanism for the variable reduction.
[0007] That is, an ordinary planetary reduction mech-
anism is designed to provide a predetermined reduction
ratio by fixing an internal gear, and the rotations of the
internal gear is directly outputted without reduction
when the internal gear is released from the fixed state
to result in the same speed of rotation as, for example,
that of a planetary gear shaft (that is, an arm portion).
Moreover, attention was paid to the fact that an interme-
diate reduction ratio is attainable when the internal gear
and the arm portion are brought into sliding contact with
each other.
[0008] For example, in the case of a 1.8-kW starter,
when the rotation of the arm portion (which is the same
as the rotation of the pinion) is between 0 to approxi-
mately 1000 rpm as shown in FIG. 2, the internal gear
is placed into a fixed state, and when it exceeds approx-
imately 8000 rpm, the arm portion and the internal por-
tion are set at the same speed of rotation, while they are
set at an intermediate value between 1000 to 8000 rpm.
Thus, as shown in FIG. 1, the reduction ratio is set at a
high value (7.9) in a range between points A and B
(when the speed of rotation is low), and no reduction
(reduction ratio 1) is made in a range between the points
C and D (at high speeds of rotation), while the reduction
ratio is gradually decreased from 7.9 to 1 in a range be-
tween the points B and C (at intermediate values). This
enables easily achieving a maximum torque and rota-
tion. The employment of this mechanism can realize a
starter small in size and low in cost.
[0009] According to a first aspect of the present inven-
tion, a starter employs an epicycle reduction gear device
and the rotation of one of elements constituting a plan-
etary gear train of the epicycle reduction gear device is
switched between a fixed condition and a released con-
dition, thereby enabling changing the reduction ratio in
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a plural-stage fashion or in a variable-speed fashion at
a simple construction without changing the dimension
of the starter and driving an internal combustion engine
at a high torque at the beginning of starting and at a high
speed of rotation at the end of starting, which achieves
a starter friendly to the environment without an increase
in cost.
[0010] According to a second aspect of the present
invention, the planetary gear train includes an internal
gear pair and the reduction ratio is changed by varying
the rotation of an internal gear. Thus, the variable reduc-
tion is attainable more easily without an increase in cost.
[0011] According to a third aspect of the present in-
vention, a variation of rotation of the element (for exam-
ple, the internal gear) is made on the basis of information
on at least one of a torque of a motor and a speed of
rotation thereof. This varies the reduction ratio on the
basis of the internal information (characteristic) of the
starter. Therefore, there is no need to consider external
influences such as the internal combustion engine, the
difference among batteries, which can eliminate the
need for special sensors, thus producing a stable reduc-
tion ration variation at a low cost.
[0012] According to a fourth aspect of the present in-
vention, during cranking, the internal gear is fixed at the
first explosive combustion of the internal combustion en-
gine to maintain a high reduction ration condition, and
the speed of rotation of the internal gear is then made
equal or substantially equal to the speed of rotation of
an armature or a planetary gear shaft to produce a re-
duction ratio 1 condition or a low reduction ratio condi-
tion before starting the engine, thereby enabling the
starting fit for an engine load.
[0013] According to a fifth aspect of the present inven-
tion, the epicycle reduction gear device is composed of
a sun gear fitted over an armature shaft of the motor, a
planetary gear engaging with the sun gear, the internal
gear and a shaft of the planetary gear, with the shaft of
the planetary gear being connected through a clutch to
the pinion, and the internal gear is fixed at the beginning
of the cranking and the speed of rotation of the internal
gear is then set at the same value as that of the armature
or the planetary gear shaft to switch the reduction ratio
in two stages. This enables a simple construction and
starting the engine in a condition better in characteristic
than the conventional fixed reduction ratio.
[0014] According to a sixth aspect of the present in-
vention, the epicycle reduction gear device is composed
of a sun gear fitted over an armature shaft of the motor,
a planetary gear engaging with the sun gear, the internal
gear and a shaft of the planetary gear, with the shaft of
the planetary gear being connected through a clutch to
the pinion, and the internal gear is fixed at the beginning
of the cranking and the speed of rotation of the internal
gear is finally set at the same value as that of the arma-
ture or the planetary gear shaft and the internal gear is
brought into sliding contact with the armature or the
planetary gear shaft in a condition between the begin-

ning of the cranking and the final value to gradually vary
the speed of rotation of the internal gear for varying the
reduction ratio in a variable-speed fashion. This allows
the internal gear unit low in torque reaction to make the
sliding contact in a moment, thus reducing the torque
loss and providing an ideal characteristic needed in
starting the engine with a simple construction.
[0015] According to a seventh aspect of the present
invention, a low reduction ratio condition is realizable
only by bringing the internal gear into contact with the
clutch. This does not require a special space, and lowers
the cost. As the clutch, a general overrunning clutch is
acceptable.
[0016] According to an eighth aspect of the present
invention, the internal gear is released from the fixed
state on the basis of information such as a speed of ro-
tation of a motor, a torque thereof, a current thereof or
an output thereof at a maximum output of the motor to
make the switching to a low reduction ratio. Thus, the
maximum TN characteristic at that rated power is ob-
tainable. The TN characteristic signifies a torque-rota-
tion speed characteristic.
[0017] According to a ninth aspect of the present in-
vention, the fixing and releasing of the internal gear are
made through a member which operates while sensing
a reaction force of the motor torque at the internal gear
unit. This enables the control thereof to be implemented
by a torque (force) univocally determined by a current
without being affected by the difference among batter-
ies, thus facilitating the switching timing of the reduction
ratio.
[0018] According to a tenth aspect of the present in-
vention, the epicycle reduction gear device is composed
of a sun gear fitted over an armature shaft of the motor,
a planetary gear engaging with the sun gear, the internal
gear and a shaft of the planetary gear, with the shaft of
the planetary gear being connected through a clutch to
the pinion, and the internal gear is fixed directly or indi-
rectly to a body of the starter at the beginning of the
cranking to place the reduction ratio in a high condition
and the internal gear is brought directly or indirectly into
contact with the clutch at the latter half of the cranking
so that the speed of rotation of the internal gear is set
to be substantially equal to that of the armature (same
as the clutch) to place the reduction ratio at 1 or in a low
reduction ratio condition, with the switching of the reduc-
tion ratio being made by sensing a torque of the internal
gear unit. This enables a high reduction condition and
a low reduction condition without using many special
parts, that is, through the use of most of the existing
parts, thereby suppressing an increase in cost.
[0019] According to an eleventh aspect of the present
invention, the fixing and releasing of the internal gear
are made through the use of a cam mechanism includ-
ing a fixed cam plate, a movable cam plate and a ball,
with one being used in common (sharing) as the internal
gear unit, which provides a speed-change mechanism
small in size and low in cost.
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[0020] According to a twelfth aspect of the present in-
vention, to bring the movable cam plate closer to the
fixed cam plate side or to isolate it therefrom, the fixing
and releasing of the internal gear are made according
to the magnitude of a combination of a reaction force of
a torque of the motor at the internal gear unit and a set
load of an elastic member. Accordingly, a set value for
the switching therebetween can easily be made only by
changing the load of the elastic member, which easily
provides a predetermined characteristic and suppress-
es an increase in cost.
[0021] According to a thirteenth aspect of the present
invention, the set load of the elastic member is set at a
force equivalent to a torque corresponding to a maxi-
mum output current of the starter. Therefore, a maxi-
mum TN (torque, speed of rotation) characteristic at the
rated output is obtainable without an increase in cost.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] Other objects and features of the present in-
vention will become more readily apparent from the fol-
lowing detailed description of the preferred embodi-
ments taken in conjunction with the accompanying
drawings in which:

FIG. 1 is an illustration of an example of a torque-
rotation speed characteristic of a starter according
to a first embodiment of the present invention;
FIG. 2 is an illustration of an example of the rela-
tionship between the speed of rotation of an internal
gear and the speed of rotation of a pinion unit (same
as an arm portion or a planetary gear shaft) in the
starter according to the first embodiment;
FIG. 3 is a cross-sectional view showing the starter
according to the first embodiment in a stationary
state;
FIG. 4 is a cross-sectional view showing the starter
according to the first embodiment in an engine driv-
ing state (high reduction ratio condition);
FIG. 5 is a cross-sectional view showing the starter
according to the first embodiment in an engine driv-
ing state (low reduction ratio condition);
FIG. 6 is a cross-sectional view showing a cam
mechanism of the starter according to the first em-
bodiment in a low reduction ration condition;
FIG. 7 is a cross-sectional view showing a cam
mechanism of the starter according to the first em-
bodiment in a high reduction ration condition;
FIG. 8 is a circumferential cross-sectional view
around the vicinity of a ball unit shown in FIG. 6;
FIG. 9 is a circumferential cross-sectional view
around the vicinity of the ball unit shown in FIG. 7;
FIG. 10 is a cross-sectional view showing a cylinder
unit for use in the starter according to the embodi-
ment;
FIG. 11 is a front elevational view showing a mov-
able cam plate for use in the starter according to the

first embodiment;
FIG. 12 is a cross-sectional view showing a mova-
ble cam plate according to a second embodiment
of the present invention;
FIG. 13 is a cross-sectional view showing a starter
according to a third embodiment of the present in-
vention;
FIG. 14 is a cross-sectional view showing a starter
according to a fourth embodiment of the present in-
vention;
FIG. 15 is a characteristic illustration useful for ex-
plaining the effects of the starters according to the
embodiments of the present invention; and
FIG. 16 is an illustration of a torque-rotation speed
characteristic for explaining the relationship with an
engine load in a conventional starter.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

(First Embodiment)

[0023] A starter according to a first embodiment of the
present invention will be described hereinbelow with ref-
erence to FIGs. 3 to 11.
[0024] In the illustrations, designated at reference nu-
meral 20 is an internal gear type epicycle reduction gear
mechanism using an internal gear and functioning as an
epicycle reduction gear device, comprising a sun gear
20a, a planetary gear 20b, a gear portion 20e of an in-
ternal gear 20c, and a planetary gear shaft 20d. The sun
gear 20a is coupled to a shaft 1a of an armature 1, and
the planetary gear shaft 20d is coupled to an outer cam
10b of an overrunning clutch 10. Thus, in consequence,
the outer cam 10b of the clutch 10 acts as an arm portion
of the epicycle reduction gear mechanism.
[0025] A cam mechanism, designated at reference
numeral 30, includes a fixed cam plate 31 and a mova-
ble cam plate 32 paired and coaxially disposed in op-
posed relation to each other so that one is unmovable
in axial directions and the other is movable in the axial
directions, and having a proper number of paired cam
grooves 31 c and 32c made in their opposed surfaces,
balls 33 each accommodated in the pair of cam grooves
31c and 32c of both the cam plates 31 and 32, and an
elastic member 34 made to elastically bias (urge) the
movable cam plate 32 toward the fixed cam plate 31
side. In this embodiment, four cam grooves 31 are made
in the fixed cam plate 31 and, likewise, four cam grooves
32c are made in the movable cam plate 32. In conse-
quence, four pairs of cam grooves are disposed be-
tween both the cam plates 31 and 32. In this embodi-
ment, one ball 33 is placed for each pair of cam grooves.
In consequence, the cam mechanism 30 includes four
balls 33. Connection portions 32d of the movable cam
plate 32 are inserted into grooves 35d of a cylinder unit
35 so that the movable cam plate 32 is movable in axial
directions but unmovable in circumferential directions.
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In this embodiment, the grooves 35d are six in number.
However, the number of grooves 35d is not limited to
this. Members 35a and 35b of the cylinder unit 35 are
first produced separately from each other and integrated
with each other in an appropriate manner after the con-
nection portions 32d and the grooves 35d are engaged
with each other. The fixed cam plate 31, the movable
cam plate 32, the balls and the elastic member 34 are
integrally fixed by means of flange portions formed at
both end portions of the cylinder unit 35, thereby consti-
tuting the cam mechanism 30 as a whole.
[0026] In the aforesaid one cam grooves 31 c or 32c,
a slope is formed so that the depth decreases in at least
one of circumferential directions, while in the other cam
grooves, a slope is formed so that the depth decreases
in at least the other circumferential direction, and the
depths at the deepest portions of both the cam grooves
31c and 32c are set to be smaller in dimension than the
radius of the ball 33 and the depths at the shallowest
portions of both the cam grooves 31c and 32c are set
to prevent the ball 33 from breaking free therefrom.
Moreover, the dimensions of these cam grooves are
made such that the movable cam plate 32 is brought
close to the fixed cam plate 31 side when the ball 33 is
placed at the deepest positions of both the cam grooves
31 and 32c due to the relative rotation of both the cam
plates 31 and 32 while the movable cam plate 32 is iso-
lated from the fixed cam plate 31 side when the ball 33
is located at the shallowest positions of both the cam
grooves 31c and 32c due to the relative rotation of both
the cam plates 31 and 32. In this embodiment, the cam
grooves 31c and 32c are defined by slopes made such
that the depths decrease toward both circumferential
sides. As shown in FIG. 11, the cam grooves 31c and
32c are disposed at an equal interval, and the radial
width of each of the cam grooves 31c and 32c becomes
at a maximum at the deepest portion and decreases
gradually as the depth thereof decreases in the circum-
ferential direction.
[0027] The details of the cam mechanism are dis-
closed in Japanese Patent Laid-Open No.
2001-295865, and a detailed description will be omitted
for brevity.
[0028] The fixed cam plate 31 and the cylinder unit 35
are fixedly secured to each other in a proper manner,
for example, in a manner such that the cylinder unit 35
is inserted into an inner circumferential portion of the
fixed cam plate 31 under pressure. Moreover, the fixed
cam plate 31 forms a side surface portion of the internal
gear 20c. Still moreover, the internal gear 20c is sup-
ported through a bearing 21 by the starter body. In this
connection, in a case in which the planetary gears 20b
are three or more in number, the centering becomes fea-
sible and, hence, the bearing 21 is omissible. A force of
a switch 6 moves a pinion 51 toward a ring gear 100
side on an output shaft 41 with a rotation limiting mem-
ber 8 being moved through a connection bar 7.
[0029] A description will be given hereinbelow of an

operation of the starter according to the present inven-
tion.
[0030] A current from a battery (not shown) passes
through a brush 5 and is fed to the armature 1 supported
by bearings 4a and 4b so that the armature 1, together
with field poles 2 of a yoke 3, generates a rotational
force. In FIGS. 3, 6 and 8, since the torque to be gener-
ated by the motor is low in the stage until the pinion 51
engages with the ring gear 100, the reaction force of the
internal gear 20c is low, and the movable cam plate 32
is pressed or biased toward the balls 33 and the fixed
cam plate 31 by a force of the elastic member 34. Ac-
cordingly, an inner circumferential tapered portion 32b
of the movable cam plate 32 is pressed against an outer
circumferential portion 10a of the outer cam 10b of the
clutch 10, and the outer cam 10b and the internal gear
20c are associated with each other as one and rotate at
the same speed. This causes the sun gear 20a, the plan-
etary gear 20b and the arm portion to be placed into a
same speed-of-rotation condition, in other words, a re-
duction ratio 1 condition, on the principle of the epicycle
reduction.
[0031] Furthermore, referring to FIGs. 4, 7 and 9,
when the pinion 51 engages with the ring gear 100 to
start to drive the engine, a torque equivalent to the lock
occurs in the motor and, hence, the reaction force of the
internal gear 20c becomes large to exceed the force of
the elastic member 34 so that the movable cam plate
32 is separated from the fixed cam plate 31 due to the
effects of the balls 33 and the cam grooves 31c and 32c.
As a result, the outer circumferential portion 10a of the
outer cam 10b and the inner circumferential tapered por-
tion 32b of the movable cam plate 32 are separated from
each other and, conversely, an outer circumferential ta-
pered portion 32a of the movable cam plate 32 is
brought into contact with a tapered portion 9a of a hous-
ing 9 under pressure so that the internal gear 20c is
placed into a fixed state to be inhibited to rotate. In con-
sequence, they fall into the same epicycle reduction
state as general to provide a high reduction ratio.
[0032] In this state, after the first explosive combus-
tion, when the rotation of the engine becomes higher
and the load becomes lower and, hence, the torque of
the motor decreases and the reaction force of the inter-
nal gear 20c decreases so that the force of the elastic
member 34 exceeds it (see FIGs. 5, 6 and 8), the mov-
able cam plate 32 is again moved toward the fixed cam
plate 31 side and the driving is conducted in the reduc-
tion ratio 1 condition. Naturally, the switching of the re-
duction ratio can be made at an arbitrary torque (current
value) depending on a set value of the load of the elastic
member 34. The other operation is described in Japa-
nese Patent Laid-Open No. HEI 10-115274, and the de-
scription thereof will be omitted form brevity.
[0033] FIG. 12 is an illustration of a second embodi-
ment of the present invention in which elastic members
32e and 32f, such as rubber, are stuck or adhered to
inner and outer circumferential tapered portions of the
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movable cam plate 32. In this case, the connection/dis-
connection between the tapered portion 32b of the mov-
able cam plate 32 and the outer circumferential portion
10a of the outer cam 10b or the tapered portion 9a of
the housing 9 is made while they slides or slip. There-
fore, the variation from a high reduction ratio to the re-
duction ratio 1 occurs gradually, which provides a char-
acteristic similar to the variable speed change.
[0034] FIG. 13 is an illustration of a third embodiment
of the present invention in which a helical gear is used
to constitute the epicycle reduction section and the fixing
and releasing of the internal gear 20c are made accord-
ing to the magnitude of the force of the elastic member
34 through the use of an axial component of a torque of
the helical gear.
[0035] FIG. 14 is an illustration of a fourth embodi-
ment of the present invention in which, in addition to the
third embodiment, the epicycle reduction section is con-
structed in a two-stage fashion. Accordingly, the plane-
tary gear includes planetary gears 20b1 and 20b2, and
the internal gear includes internal gears 20c 1 and 20c2.
As a result, this epicycle reduction gear device has the
number of teeth prescribed by the planetary gear 20b1
and the internal gear 20c1 and the number of teeth pre-
scribed by the planetary gear 20b2 and the internal gear
20c2, that is, it provides two conditions different in
number of teeth from each other. Thus, in the case of
the switching from a high reduction ratio to a low reduc-
tion ratio, the reduction ratio can be set at appropriate
values other than the reduction ratio 1, for example, a
reduction ratio 9 and a reduction ratio 3.
[0036] As described above, according to the present
invention, the reduction ratio can be changed in a multi-
stage fashion or a variable-speed fashion without in-
creasing less cost and without increasing the body con-
formation. Moreover, since the reduction ratio is
changed by sensing the performance itself of the motor
of the starter even without taking external factors, such
as engine and battery, into consideration, there is no
need to consider the matching of the engine or the like,
which is advantageous. Still moreover, there is no need
to use a special sensor and a large-scale mechanism
for varying the reduction ratio. Yet moreover, the adjust-
ment of the load of the elastic member 34 can provide
a more optimal torque or rotation curve (TN curve) at
the starting of the engine. That is, as shown in FIG. 15,
in a case in which the output curve is set to be equal to
a conventional one, no only a high torque is obtainable
during the first explosive combustion but also a high ro-
tation is attainable at the completion of the explosive
combustion, and even the speed change is feasible in
the vicinity of the output peak. This can provide a TN
curve superior to any conventional reduction ratio.
Therefore, this eliminates the need for the consideration
on the adaptability of the reduction ratio for each engine
or battery and can achieve the standardization. In addi-
tion, since there is no need to use special parts, an in-
crease in cost is avoidable. Still additionally, even in the

case of the magnet type, a characteristic higher than
that of the series type is obtainable and, also in this
meaning, an increase in cost is avoidable. Accordingly,
it is possible to cope easily with the recent environment
problems.
[0037] It should be understood that the present inven-
tion is not limited to the above-described embodiments,
and that it is intended to cover all changes and modifi-
cations of the embodiments of the invention herein
which do not constitute departures from the spirit and
scope of the invention.

Claims

1. A starter for an internal combustion engine, com-
prising a pinion engaging with a ring gear of said
internal combustion engine, a motor for driving said
pinion, a clutch provided between said pinion and
said motor and an epicycle reduction gear device
provided therebetween, with a reduction ratio of
said epicycle reduction gear device being changed
in a plural-stage fashion or in a variable speed fash-
ion,

wherein a rotation of one of elements consti-
tuting a gear train of said epicycle reduction gear
device is changed between a fixed condition and a
released condition to change the reduction ratio.

2. The starter according to claim 1, wherein the
change of the reduction ratio is made through the
use of a planetary gear train including an internal
gear pair, and it is changed by varying rotation of
an internal gear serving as an element of said plan-
etary gear train.

3. The starter according to claim 1, further comprising
means for making a variation of rotation of said el-
ement on the basis of information on at least one of
a torque of said motor and a speed of rotation there-
of.

4. The starter according to claim 1, wherein, during
cranking, an internal gear forming said element of
said epicycle reduction gear device is fixed at a first
explosive combustion of said internal combustion
engine to maintain a high reduction ratio condition,
and a speed of rotation of said internal gear is then
made equal or substantially equal to a speed of ro-
tation of an armature or a planetary gear shaft of
said epicycle reduction gear device to produce a re-
duction ratio 1 condition or a low reduction ratio con-
dition before starting said engine.

5. The starter according to claim 2, wherein said epi-
cycle reduction gear device is composed of a sun
gear provided on an armature shaft of said motor,
a planetary gear engaging with said sun gear, said

9 10



EP 1 426 611 A1

8

5

10

15

20

25

30

35

40

45

50

55

internal gear and a shaft of said planetary gear, with
said shaft of said planetary gear being connected
through a clutch to said pinion, and said internal
gear is fixed at the beginning of cranking and a
speed of rotation of said internal gear is then set at
the same value as that of an armature of said motor
or said planetary gear shaft to switch the reduction
ratio in two stages.

6. The starter according to claim 2, wherein said epi-
cycle reduction gear device is composed of a sun
gear provided on an armature shaft of said motor,
a planetary gear engaging with said sun gear, said
internal gear and a shaft of said planetary gear, with
said shaft of said planetary gear being connected
through a clutch to said pinion, and said internal
gear is fixed at the beginning of cranking and a
speed of rotation of said internal gear is finally set
at the same value as that of said armature or said
planetary gear shaft and said internal gear is
brought into sliding contact with said armature or
said planetary gear shaft in a condition between the
beginning of the cranking and the final value to
gradually vary the speed of rotation of said internal
gear for varying the reduction ratio in a variable-
speed fashion.

7. The starter according to claim 5, wherein, during
cranking, said internal gear is placed into a fixed
condition at a first explosive combustion of said in-
ternal combustion engine to maintain a high reduc-
tion ratio state, and said internal gear is then
brought into contact with said clutch to vary the ro-
tation of said internal gear for changing the reduc-
tion ratio in a plural-stage fashion or in a variable
speed fashion.

8. The starter according to claim 2, wherein, immedi-
ately after the staring of said engine, the reduction
ratio is maintained at a high condition, and said in-
ternal gear is released from said fixed condition on
the basis of information on a speed of rotation of a
motor, a torque thereof, a current thereof or an out-
put thereof at a maximum output of said motor to
change the reduction ratio to a low reduction ratio.

9. The starter according to claim 2, wherein the fixing
and releasing of said internal gear are made
through a member which operates while sensing a
reaction force of a torque of said motor at said in-
ternal gear.

10. A starter for an internal combustion engine, com-
prising a pinion provided to engage with a ring gear
of said internal combustion engine and separate
therefrom, a clutch provided between said pinion
and a motor for driving said pinion, and an internal
gear type epicycle reduction gear device provided

therebetween, with said epicycle reduction gear de-
vice being composed of a sun gear provided on an
armature shaft of said motor, a planetary gear en-
gaging with said sun gear, an internal gear and a
shaft of said planetary gear, with said shaft of said
planetary gear being connected through said clutch
to said pinion,

wherein said internal gear is fixed directly or
indirectly to a body of said starter at the beginning
of cranking to place a reduction ratio of said epicycle
reduction gear device in a high reduction ratio con-
dition and said internal gear is brought directly or
indirectly into contact with said clutch at the latter
half of the cranking so that a speed of rotation of
said internal gear is set to be substantially equal to
that of said planetary gear shaft to place the reduc-
tion ratio at 1 or in a low reduction ratio condition,
with the switching of the reduction ratio being made
by sensing a torque of said internal gear.

11. The starter according to claim 10, further compris-
ing a cam mechanism including a fixed cam plate
and a movable cam plate paired and coaxially dis-
posed in opposed relation to each other so that one
is unmovable in axial directions and the other is
movable in said axial directions, and having a pair
of cam grooves made in their opposed surfaces, a
ball accommodated in said pair of cam grooves of
both said cam plates to be rollable, and an elastic
member made to elastically bias said movable cam
plate 32 toward the fixed cam plate side,

in one of said cam grooves, a slope being
formed so that a depth of said cam groove decreas-
es in at least one of circumferential directions, while
in the other cam groove, a slope being formed so
that a depth of the other cam groove decreases in
at least the other circumferential direction, and the
depths at the deepest portions of both said cam
grooves being set to be smaller in dimension than
the radius of said ball and the depths at the shal-
lowest portions of both said cam grooves being set
to prevent said ball from breaking free therefrom,
and

said movable cam plate being brought close
to said fixed cam plate when said ball is placed at
the deepest positions of both said cam grooves due
to the relative rotation of both said cam plates while
said movable cam plate being isolated from the
fixed cam plate side when said ball is placed at the
shallowest positions of both said cam grooves due
to the relative rotation of both said cam plates, and

one of said fixed cam plate and said movable
cam plate being put in common use as a portion of
a side surface of said internal gear.

12. The starter according to claim 11, wherein, to bring
said movable cam plate closer to said fixed cam
plate side or to isolate it therefrom, fixing and re-
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leasing of said internal gear are made by a reaction
force of a torque of said motor at said internal gear
and a magnitude of a set load of said elastic mem-
ber.

13. The starter according to claim 12, wherein said set
load of said elastic member is set at a force equiv-
alent to a torque corresponding to a maximum out-
put current of said starter.
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