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(54) Engine starting system

(57)  Asilent start that does not require complicated
electrical control and does not hinder downsizing of an
engine, and a quick start that does not increase energy
consumption can be realized. To accomplish this, in an
engine starting system for rotating a crankshaft by
meshing an idle gear (17) driven by a pinion (16) of a
starter motor with a ring gear (5) of the crankshaft, the
idle gear (17) is provided to be movable with respect to
the ring gear (5) in a radial direction (V, W) of the ring

gear (5). The idle gear (17) is moved by an actuator from
outside the ring gear (5) in the radial direction (V), so
that the idle gear (17) meshes with the ring gear (5).
Tooth collision occurs at a lower probability than in a
conventional case wherein the pinion is moved in the
axial direction and is meshed with the ring gear. The im-
pact of collision decreases, so that collision noise de-
creases. Complicated electrical control of the starter
motor (11) is not needed.
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Description
FIELD OF THE INVENTION

[0001] The present invention relates to the technical
field of an engine starting system.

BACKGROUND OF THE INVENTION

[0002] For example, in an idling stop vehicle in which
exhaust emission is suppressed as much as possible
for the benefit of environmental protection, when prede-
termined conditions are satisfied during standing, the
engine is stopped automatically. When the brake pedal
is released next and the accelerator pedal is stepped on
so that the vehicle starts, the engine is restarted auto-
matically. Thus, with such an environment-friendly vehi-
cle, the engine is started often.

[0003] In general, when the engine is to be started, a
pinion driven by a starter motor is moved in the axial
direction by using an actuator such as a solenoid, and
is meshed with the ring gear of an outer gear integral
with a crankshaft. In this state, the pinion is driven to
rotate the ring gear and crankshaft, thus starting the en-
gine (for example, see Japanese Patent Laid-Open No.
2002-303236). When the pinion moves in the axial di-
rection, sometimes a tooth of the pinion and that of the
ring gear collide against each other to generate abnor-
mal noise. The issue of collision noise occurs not only
in an ordinary vehicle but is obvious in an idling stop
vehicle in which the engine is started often.

[0004] A silent start technique for eliminating the col-
lision noise is known. For example, it has been proposed
to mesh the pinion with a ring while slightly rotating the
pinion. This technique requires fine electrical control
and is difficult to apply to a DC motor which is widely
used as a starter motor. A belt-driven starter in which
tooth-to-tooth meshing is not needed has also been pro-
posed. Namely, the pulley of the starter motor and the
pulley of a crankshaft are connected to each other
through a belt. In this case, the starter is disposed in one
end (e.g., the front portion) of an engine main body to-
gether with other auxiliary machineries and equipments
that are also connected to the crankshaft through belts
and driven by it. Accordingly, the length of the engine in
the direction of the cylinder train (the axial direction of
the crankshaft) inevitably increases by the widths of the
pulley and belts.

[0005] In addition, the idling stop vehicle sometimes
employs a pinion preset method for the purpose of a
quick start or restarting the engine quickly (for example,
see Japanese Patent Laid-Open No. 2002-257014).
More specifically, as soon as the engine is stopped au-
tomatically, the pinion is meshed with the ring gear to
prepare for the next start. With the conventional axial-
direction projecting structure by means of an actuator
such as a solenoid, however, the actuator such as the
solenoid must be kept on for a long period of time for
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the purpose of keeping the pinion to mesh with the ring
gear throughout idling stop. This increases energy con-
sumption and is not preferable.

[0006] Japanese Patent Publication No. 06-097023
discloses a starting system in which a starter motor is
swung manually to mesh with a ring gear. In this starting
system, since the starter motor itself is swung, the wiring
reliability is low, and the support structure for the heavy
starter motor becomes complicated. Also, since the
movable portion has a large mass, loud collision noise
is produced. The system disclosed in this reference can-
not be applied to a vehicle starting system because the
starter motor is swung manually.

SUMMARY OF THE INVENTION

[0007] The presentinvention has been made to solve
the above problems of the prior art, and has as its object
to provide an engine starting system that can realize a
silent start without hindering downsizing of an engine
and a quick start without increasing energy consump-
tion.

[0008] Inorderto achieve the above object, according
to the present invention, there is provided an engine
starting system for starting an engine by rotating a
crankshaft, characterized by comprising:

a starter motor having a pinion and fixed stationar-
ily;

an idle gear which can move along an arcuate path
about a rotation center of the pinion as a center
while meshing with the pinion; and

an actuator which moves the idle gear along the ar-
cuate path to mesh the idle gear with a ring gear of
the crankshaft.

[0009] Other features and advantages of the present
invention will be apparent from the following description
taken in conjunction with the accompanying drawings,
in which like reference characters designate the same
or similar parts throughout the figures thereof.

BRIEF DESCRIPTION OF THE DRAWINGS
[0010]

Fig. 1 is a schematic side view of a power train
showing where an engine starting system according
to the first embodiment of the present invention is
arranged with respect to an engine and automatic
transmission;

Fig. 2 is an exploded sectional view showing the po-
sitional relationship between a starter as the engine
starting system and the ring gear of a crankshaft;
Fig. 3 is a rear view of the starter taken along the

line | - | of Fig. 2;
Fig. 4 is a longitudinal sectional view of the starter
taken along the line Il - Il of Fig. 2 and indicates that
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an idle gear is located at a standby position;

Fig. 5 is also a longitudinal sectional view of the
starter taken along the line Il - Il of Fig. 2 and indi-
cates that the idle gear is located at a meshing po-
sition;

Fig. 6 is a view for explaining the operation of an
embodiment that shows a state wherein the idle
gear constantly meshing with the pinion of the start-
er motor meshes with the ring gear;

Fig. 7 is a view similar to Fig. 6 to show a problem,
which can generally occur when the swing meshing
scheme is employed, that the idle gear of the starter
does not smoothly mesh with the ring gear;

Fig. 8 is a view similar to Fig. 7 to show a technical
idea that solves the problem of Fig. 7;

Fig. 9A is a view for explaining the structure of the
starter of a scissors gear type idle gear according
to the embodiment shown in Fig. 8 which is seen
from the rear side;

Fig. 9B is a view for explaining the structure of the
starter of the scissors gear type idle gear according
to the embodiment shown in Fig. 8 when seen from
the front side;

Fig. 10 is a view similar to Fig. 7 to show a problem,
which can generally occur when the idle gear is a
scissors gear type gear, that the idle gear does not
smoothly mesh with the ring gear;

Fig. 11 is a view similar to Fig. 10 to show a technical
idea that solves the problem of Fig. 10;

Fig. 12 is an exploded sectional view seen from ap-
proximately the direction of an arrow Il of Fig. 4,
and shows the positional relationship between a
notch of the idle gear and a baffle lever according
to the embodiment shown in Fig. 11;

Fig. 13 is a view for explaining the operation of a
planetary gear type reduction mechanism incorpo-
rated in the starter motor and a one-way clutch pro-
vided to the reduction mechanism;

Fig. 14 is a view similar to Fig. 13 to show the rota-
tional directions of respective rotary elements when
the idle gear moves from a standby position toward
the ring gear along an arcuate path;

Fig. 15 is a view similar to Fig. 13 to show the rota-
tional directions of the respective rotary elements
when the idle gear abuts against the baffle lever
while it moves toward the ring gear;

Fig. 16 is a view similar to Fig. 13 to show the rota-
tional directions of the respective rotary elements
after the idle gear abuts against the baffle gear while
it moves toward the ring gear;

Fig. 17 is a view similar to Fig. 13 to show the rota-
tional directions of the respective rotary elements
when the idle gear abuts against the baffle lever
while it moves from a meshing position toward the
standby position;

Fig. 18 is a view showing the positions of gears in
a non-operative state seen from the power train
front side of a starting system according to the sec-
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ond embodiment of the present invention;

Fig. 19 is a view showing one pattern of the opera-
tion during gear meshing of the starting system ac-
cording to the second embodiment of the present
invention;

Fig. 20 is a view showing another pattern of the op-
eration during gear meshing of the starting system
according to the second embodiment of the present
invention; and

Figs. 21A to 21D are views showing the operations
of the baffle member during restoration of the start-
ing system according to the second embodiment of
the present invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0011] Preferred embodiments of the present inven-
tion will now be described in detail with reference to the
drawings. It should be noted that the relative arrange-
ment of the components, the numerical expressions and
numerical values set forth in these embodiments do not
limit the scope of the present invention unless it is spe-
cifically stated otherwise.

(First Embodiment)

[0012] An engine starting system according to the first
embodiment of the present invention will be described.
[0013] Fig. 1is a view for explaining the arrangement
of an engine 1 to which the engine starting system ac-
cording to this embodiment can be applied. The engine
1 is vertically arranged in an engine room at the front
portion of the car body such that a cylinder train and
crankshaft extend in the back-and-forth direction. An au-
tomatic transmission 2 is connected to the rear portion
of the engine main body. Although the engine 1 is ar-
ranged vertically in Fig. 1, the engine starting system
according to this embodiment can be applied also to a
horizontal engine in, e.g., an FF vehicle.

[0014] The engine 1 is mounted on an idling stop ve-
hicle. The engine 1 is automatically stopped when pre-
determined conditions are satisfied during standing, and
is restarted automatically when the vehicle is to start
next. When compared with an ordinary vehicle which is
not an idling stop vehicle, the engine 1 is frequently
stopped and started.

[0015] A starter 3 used for starting the engine 1 is ar-
ranged, in the rear portion of the engine main body, at
the connecting portion (more particularly, the connect-
ing portion with a torque converter) of the engine main
body and automatic transmission 2. The starter 3 is at-
tached to the side surface of a cylinder block, and faces
aring gear 5 of an outer gear formed on the outer portion
of a flywheel 4 located between the engine 1 and auto-
matic transmission 2.

[0016] As shown in Fig. 2, in the starter 3, a starter
motor 11 and solenoid 12 form a unit in a single case
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13. The case 13 includes a housing 14 and cover 15.
The starter motor 11 is attached to the housing 14, and
the solenoid 12 is attached to the cover 15.

[0017] The starter motor 11 has a planetary gear type
reduction mechanism 11c¢ between an incorporated ro-
tating shaft 11a and outwardly projecting output shaft
11b. A pinion 16 is integrally fixed to the output shaft
11b. An idle gear 17 constantly meshes with the pinion
16. The idle gear 17 is formed of two coaxial parallel
gears 18 and 19, as will be described later in detail, and
is rotatably supported by a shaft 21 projecting vertically
from a swing arm 20. The swing arm 20 has a cylindrical
boss 22. The boss 22 is rotatably supported by the cover
15 through bearings 23, so that the swing arm 20 can
swing about the boss 22 as the center. In this case, the
rotation center of the boss 22 and the rotation center of
the output shaft 11b of the starter motor 11 coincide with
each other. Hence, the idle gear 17, while meshing with
the pinion 16, moves around the pinion 16 as it forms
an arcuate locus about the rotation center of the pinion
16 as the center.

[0018] The cover 15 has an attaching wall 15a
spreading almost parallel to the lengthwise direction of
the cylindrical boss 22. The solenoid 12 is attached to
the attaching wall 15a, and its plunger 24 projects to in-
tersect the cylindrical boss 22. The end of the plunger
24 is locked by the end face of the cylindrical boss 22
with a pin 25. When the solenoid 12 is energized and
the plunger 24 is pulled in as indicated by an arrow U in
Fig. 3, the solenoid 12 swings to come close to the so-
lenoid 12 as indicated by an arrow V in Fig. 4, and the
idle gear 17 moves in the radial direction of the ring gear
5 from outside the ring gear 5, to finally mesh with the
ring gear 5 as shown in Figs. 5 and 2.

[0019] An arrow X shown in Figs. 3 to 5 indicates the
rotational direction of the ring gear 5. A point A shown
in Figs. 4 and 5 indicates the position of the pin 25, that
is, the connecting point of the cylindrical boss 22 and
plunger 24.

[0020] As is apparent in Fig. 5, a projection 20a is
formed on the swing arm 20. When the projection 20a
abuts against a stopper portion 30 provided to the hous-
ing 14, any further swing of the swing arm 20 is regulat-
ed. For example, the stopper portion 30 is formed of the
end of a bolt threadably engaging with a nut fixed to the
housing 14. When the projecting length of the bolt end
is adjusted, the meshing position (meshing degree) of
the idle gear 17 with the ring gear 5 can be adjusted.
[0021] In this manner, according to this embodiment,
the idle gear 17 driven by the starter motor 11 is moved
in the radial direction of the ring gear 5 from outside the
ring gear 5, so that it meshes with the ring gear 5. Tooth
collision occurs at a lower probability than in a conven-
tional case wherein the pinion 16 is moved in the axial
direction and is meshed with the ring gear 5. The impact
of collision decreases, so that collision noise decreases.
In this case, only the idle gear 17 needs to be moved in
the radial direction V from outside the ring gear 5. There-
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fore, complicated and fine electrical control of the starter
motor 11 of meshing the pinion 16 with the ring gear 5
while rotating the pinion 16 for a small amount, as in the
conventional case, need not be performed.

[0022] In this embodiment, the idle gear 17 is moved
along the arcuate path. However, the present invention
is not limited this, and the idle gear 17 may be moved
along, e.g., a linear path. In this embodiment, since the
idle gear 17 rotated by the pinion 16 is employed and is
moved along the arcuate path, the starter motor 11 need
not have a movable structure. The present invention is
not limited to this. Depending on the case, the idle gear
17 may not be employed, and the pinion 16 which is di-
rectly driven by the starter motor 11 may be moved in
the radial direction from outside the ring gear 5, so that
the pinion 16 meshes with the ring gear 5.

[0023] As shown in Fig. 6, when the idle gear 17
meshes with the ring gear 5, its rotation center (repre-
sented by the pin 21) is located on the more front side
in the rotational direction X of the ring gear 5 than a line
L that connects the rotation center (represented by the
output shaft 11b) of the pinion 16 and the rotation center
of the ring gear 5.

[0024] When the idle gear 17 is to be moved in the
direction of the arrow V to mesh with the ring gear 5, it
is moved in such a direction that its teeth bite those of
the ring gear 5. Even if the solenoid (actuator) 12 is
turned off after the two gears 17 and 5 mesh with each
other, they do not disengage from each other. Thus,
when the idle gear 17 is to be preset for a quick start,
the solenoid 12 need not be kept on for a long period of
time for the purpose of keeping the idle gear 17 to mesh
with the ring gear 5 throughout idling stop. Hence, an
increase in energy consumption is avoided.

[0025] In cranking before the start of the engine 1, a
reaction force generated when the ring gear 5 rotates
acts on the idle gear 17 to bite the ring gear 5. Even
when the actuator is turned off, the idle gear 17 will not
disengage from the ring gear 5. Thus, the actuator can
be turned off at this time point.

[0026] When the engine 1 is started, the idle gear 17
meshing with the ring gear 5 receives the rotation of the
ring gear 5 and is sprung back by it to naturally disen-
gage from it in the direction of an arrow W. Thus, the
solenoid 12 need not move the idle gear 17 in the direc-
tion W to disengage from the ring gear 5. An increase
in energy consumption is avoided in this respect as well.
[0027] In addition, the starter motor 11 and solenoid
12 form a unit in the single case 13, and the resultant
unit is attached to the side surface of the cylinder block
at the connecting portion of the engine main body and
the automatic transmission 2. Therefore, the starter unit
3 can be arranged in the rear portion of the engine main
body in an ordinary manner. The length of the engine 1
in the vertical direction (the direction of the cylinder train
or the axial direction of the crankshaft) does not in-
crease, and downsizing of the engine 1 is not hindered.
[0028] When the idle gear 17 is to mesh with the ring
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gear 5 by swinging in this manner, two adjacent teeth of
the idle gear 17 may ride on two adjacent teeth of the
ring gear 5 simultaneously, as shown in Fig. 7, and
smooth meshing may not accordingly be realized. Al-
though this case is practically rare, in order to prepare
for the contingency, it is preferable to take some coun-
termeasure so the value of the product is increased.
[0029] More specifically, assume that the starter mo-
tor 11 is OFF and the pinion 16 does not rotate. As the
idle gear 17 swings (revolves) from the standby position
(the position shown in Figs. 3 and 4) in the direction of
the arrow V, it rotates (turns) in the direction of an arrow
g through meshing with the pinion 16. This will be de-
scribed in more detail later from Fig. 13. According to
one case where meshing continues most smoothly, for
example, when the idle gear 17 encounters the ring gear
5, one tooth of the idle gear 17 enters a portion (pitch)
between two adjacent teeth of the ring gear 5 and fits
there. In fact, however, as the rotational posture or
phase of the idle gear 17 changes each time, one tooth
of the idle gear 17 frequently abuts against one side sur-
face of a tooth of the ring gear 5 and receives a swing
propulsive. Then, the idle gear 17 rotates in the direction
of an arrow f about the abutting point as the fulcrum. As
a result, one tooth of the idle gear 17 that is adjacent in
the swing direction V falls in the pitch of the ring gear 5
and fits there.

[0030] As shown in Fig. 7, if the first abutment of a
tooth of the idle gear 17 and a corresponding tooth of
the ring gear 5 occurs at a portion close to a tooth peak
(indicated by symbol i), the next abutment of a tooth of
the idle gear 17 and a corresponding tooth of the ring
gear 5 also occurs at a portion close to a tooth peak
(indicated by symbolii). As a result, revolution of the idle
gear 17 in the direction f and furthermore its turn in the
direction V become impossible and entangling occurs,
thus disabling meshing. This issue is partly caused by
the similarity between the pitch of the idle gear 17 and
that of the ring gear 5.

[0031] In view of this, according to this embodiment,
as shown in Fig. 8, the idle gear 17 employs a so-called
scissors gear including two gears, i.e., the first and sec-
ond gears 18 and 19. A relatively narrow pitch P2 is
formed between the teeth of the first gear (main body
gear) 18 and the teeth of the second gear (auxiliary
gear) 19. When the idle gear 17 encounters the ring gear
5 at the portion of the relatively narrow pitch P2, even if
the first abutment of a tooth of the idle gear 17 and a
corresponding tooth of the ring gear 5 occurs at a portion
close to a tooth peak, the next tooth of the idle gear 17
does notride on the next tooth of the ring gear 5 because
of the narrow pitch,, as indicated by symbol iv. Thus, the
idle gear 17 rotates in the direction of the arrow f upon
reception of a swing propulsive, and fits well with the
pitch of the ring gear 5.

[0032] The idle gear 17 is formed of two gears, i.e.,
the main body gear 18 and auxiliary gear 19 that are
coaxially, rotatably mounted on the shaft 21, as shown
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in Fig. 2 and Figs. 9A and 9B in detail. The auxiliary gear
19 on the rear side of the starter 3 has almost the same
shape as that of the main body gear 18, but its teeth lack
alternately. The two gears 18 and 19 are biased by an
annular leaf spring 50 in rotational directions o and §,
respectively. The leaf spring 50 is interposed between
the opposing surfaces of the two gears 18 and 19. The
two ends of the leaf spring 50 are respectively locked
by pins 18a and 19a vertically extending from the op-
posing surfaces of the two gears 18 and 19, respective-
ly. The leaf spring 50 exerts its biasing force in a direc-
tion to reduce its diameter, so that the pins 18a and 19a
may come close to each other.

[0033] As a result, the teeth of the two gears 18 and
19 cause a phase shift in the circumferential directions.
The teeth of the auxiliary gear 19 project from those of
the main body gear 18 by a predetermined amount and
forms the narrow-pitch portion P2. That portion of the
auxiliary gear 19 where a tooth lacks remains as a wide-
pitch portion P1. Although not shown, the idle gear 17
has regulating means for determining the projecting
amount (phase shift amount) of the teeth of the auxiliary
gear 19. For example, the regulating means is formed
of a step or the like formed in the own gear and functions
to abut against the pin of the opponent gear, so the op-
ponent gear will not rotate any further.

[0034] The relatively wide pitch P1 formed by the
teeth of the main body gear 18 is substantially the same
as the pitch of the ring gear 5. The relatively wide pitch
P1 and the relatively narrow pitch P2 which is formed
by the tooth of the main body gear 18 and that of the
auxiliary gear 19 alternate on the peripheral portion of
the idle gear 17. As is apparent in Fig. 2, both of the two
gears 18 and 19 of the idle gear 17 mesh with the ring
gear 5, but the pinion 16 meshes with only the main body
gear 18.

[0035] Even when the short-pitch portions P2 are
formed on the idle gear 17 in this manner, unless the
rotational posture or phase of the idle gear 17 is control-
led, the idle gear 17 may encounter the ring gear 5 at
the wide-pitch portion P1, as shown in Fig. 10. As a re-
sult, in the same manner as in the case of Fig. 7, the
two adjacent teeth of the idle gear 17 ride on the two
adjacent teeth of the ring gear 5 simultaneously (sym-
bols v and vi in Fig. 10), and smooth meshing may not
be realized.

[0036] In view of this, according to this embodiment,
as shown in Fig. 11, a meshing portion adjusting means
40 is provided. When the idle gear 17 and ring gear 5
mesh with each other, the meshing portion adjusting
means 40 adjusts the phase (rotational posture) of the
idle gear 17 while the idle gear 17 is being moved toward
the ring gear 5 along the arcuate path, such that the idle
gear 17 always encounters and meshes with the ring
gear 5 at the relatively-small-pitch portion P2 formed by
the tooth of the main body gear 18 and that of the aux-
iliary gear 19. The means 40 includes a baffle lever (baf-
fle plate) 41 which abuts against the idle gear 17, moving
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in the direction V toward the ring gear 5, and determines
the phase of the idle gear 17. The lever 41 has advanced
to the arcuate path of the idle gear 17 and is scarcely in
contact with the tooth peak of the idle gear 17.

[0037] As shown in Figs. 4 and 5, the baffle lever 41
is rotatably attached to the housing 14 through a pin 43.
As shown in Figs. 11 and 12 as well, the baffle lever 41
is biased in a direction to advance to the arcuate moving
path of the idle gear 17 by a coil spring 44 wound around
the pin 43. A stopper pin 42 which regulates the ad-
vancement of the baffle lever 41 to the moving path ex-
ceeding a predetermined amount extends from an ap-
propriate portion (e.g., a cylinder block).

[0038] As shown in Fig. 12, the baffle lever 41 is ar-
ranged on a side comparatively close to the front side
of the starter 3, and can abut against only the main body
gear 18 (in more detail, the teeth of the main body gear
18) of the idle gear 17. In addition, as shown in Figs. 11
and 12, every other tooth of the main body gear 18 forms
a notch 18b, and the baffle lever 41 abuts against every
other tooth of the main body gear 18. In this case, as is
apparentin Fig. 11, the notches 18b are formed in those
teeth of the main body gear 18 for which corresponding
teeth of the auxiliary gear 19 exist. Accordingly, the baf-
fle lever 41 passes by those teeth of the main body gear
18 which have notches 18b, and abuts against those
teeth of the main body gear 18 which have no notches
18b (those teeth of the main body gear 18 for which cor-
responding teeth of the auxiliary gear 19 do not exist).
[0039] As shown in Fig. 11, as the baffle lever 41 and
main body gear 18 abut against each other, the idle gear
17 receives a rotation force in the direction of the arrow
f from the baffle lever 41 due to the swing propulsive in
the direction V, so that its phase is adjusted (its rotational
posture is corrected). As will be described later in detail
with reference to from Fig. 13, rotation of the pinion 16
in a direction e, which is exerted by the idle gear 17 when
the idle gear 17 abuts against the baffle lever 41 while
it moves in the direction V toward the ring gear 5, is al-
lowed. Hence, the idle gear 17 is pressed by the baffle
lever 41 and rotates reliably before it meshes with the
ring gear 5, and its phase is adjusted. As a result,
smooth and good meshing of the idle gear 17 with the
ring gear 5 is guaranteed. The idle gear 17 swings in the
direction V while it turns again in the direction g from the
adjusted phase (rotational posture) as the start point.
Thus, when meshing with the ring gear 5, the idle gear
17 always encounters the ring gear 5 at the relatively-
narrow-pitch portion P2 formed by a tooth of the main
gear 18 and that of the gear 19. Thus, smooth, good
meshing is achieved.

[0040] A one-way clutch 60 provided between the pin-
ion 16, with which the idle gear 17 meshes, and the start-
er motor 11 will be described from Fig. 13. The one-way
clutch 60 is locked when rotation is transmitted from the
starter motor 11 side (rotating shaft 11a side) to the pin-
ion 16 side (output shaft 11b) in the direction of start of
the engine 1, and is set free when rotation is transmitted
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from the pinion 16 side to the starter motor 11 side in
the direction of start of the engine 1. More specifically,
the one-way clutch 60 is originally provided to prevent
excessive rotation of the starter motor 11, upon recep-
tion of high-speed rotation of the engine 1, after com-
plete explosion occurs in the engine 1 and the engine 1
is started, so that the durability of the starter motor 11 is
improved. The one-way clutch 60 is provided to the plan-
etary gear type reduction mechanism 11c provided be-
tween the pinion 16 (output shaft 11b) and starter motor
11 (rotating shaft 11a).

[0041] More specifically, referring to Fig. 13, the sun
gear of the reduction mechanism 11c is connected to
the rotating shaft 11a of the starter motor 11. A plurality
of planetary gears mesh with the sun gear and an inter-
nal gear (inner tooth ring gear) 11d, and the carrier of
the planetary gears is connected to the output shaft 11b
of the starter motor 11 and the pinion 16. When the start-
er motor 11 is turned on, the sun gear 11a rotates in the
direction of an arrow a. Upon reception of this rotation,
the planetary gears turn in the direction of an arrow b,
and the internal gear 11d tends to rotate in the direction
of an arrow c. However, the one-way clutch 60 regulates
rotation of the internal gear 11d in the direction of the
arrow c. Consequently, the carrier or pinion 16 rotates
in the direction of an arrow e. Upon reception of the ro-
tation of the pinion 16 in the direction e, the idle gear 17
rotates in the direction f. The ring gear 5 of the crank-
shaft rotates in the direction of the arrow X.

[0042] As shown in Fig. 14, when the idle gear 17
swings from the standby position in the direction V, it
rotates in the direction of the arrow g. Upon reception of
this rotation, the pinion 16 tends to rotate in the direction
of an arrow h. At this time, since the rotating shaft 11a
does not rotate, the planetary gears tend to rotate in the
direction of the arrow b. As the internal gear 11d is
locked in the direction ¢, however, the pinion 16 does
not rotate, and eventually only the idle gear 17 turns in
the direction g.

[0043] When the idle gear 17 abuts against the baffle
lever 41, as indicated by reference symbol Y in Fig. 15,
and receives a rotation force in the direction f, upon this
rotation the pinion 16 tends to rotate in the direction of
the arrow e. At this time, since the rotating shaft 11a
does not rotate, the planetary gears tend to rotate in the
direction of an arrow i. As the internal gear 11d is free
in the direction of an arrow d, the pinion 16 rotates in
the direction e, and the idle gear 17 can turn in the di-
rection f. In other words, the idle gear 17 revolves in the
direction V while it turns in the direction f. After that,
when abutment with the baffle lever 41 is canceled, the
idle gear 17 swings in the direction V from the phase
(rotational posture) at the time point when abutment is
canceled as the start point, while it rotates in the direc-
tion of the arrow g again, as shown in Fig. 16.

[0044] AsshowninFig. 17, when the engine 1 is start-
ed and the idle gear 17 meshing with the ring gear 5 is
sprung back by the ring gear 5 in the direction of the
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arrow W upon reception of the high-speed rotation of
the ring gear 5, the idle gear 17 rotates in the direction
f at high speed, and springs aside the baffle lever 41
from the arcuate moving path (the baffle lever 41 pivots
in the direction of an arrow Z against the coil spring 44),
so that the idle gear 17 can be reliably restored to the
initial standby position. At this time, because of the func-
tion of the one-way clutch 60 (the function that the one-
way clutch 60 is set free when rotation is transmitted
from the engine 1 side to the starter motor 11), the ro-
tating shaft 11a of the starter motor 11 does not receive
high-speed rotation from the engine 1 side, and its du-
rability is secured. This is an operation effected when
the idle gear 17 abuts against the baffle lever 41 in the
direction W while it is kept rotatably driven by the ring
gear 5 at speed higher than the rotational speed with
which it is rotatably driven by the motor 11.

[0045] Inversely, assume that when the idle gear 17
abuts against the baffle lever 41 in the direction W, its
rotational speed has been dropped and a rotational driv-
ing force is transmitted to the idle gear 17 from the start-
er motor 11 side. Even so, the rotation of the idle gear
17 in the direction g, which is generated when the idle
gear 17 abuts against the baffle lever 41 while it moves
in the direction W to separate from the ring gear 5, is
regulated (prohibited). Thus, the idle gear 17 can spring
aside the baffle lever 41 from the arcuate moving path
stably, and can be reliably restored to the initial standby
position.

[0046] In this manner, by utilizing the one-way clutch
60, rotation of the pinion 16 in the direction h, which is
exerted by the idle gear 17 when the idle gear 17 moves
in the direction V toward the ring gear 5, is regulated,
and rotation of the pinion 16 in the direction e, which is
exerted by the idle gear 17 when the idle gear 17 abuts
against the baffle lever 41 while it moves toward the ring
gear 5, is allowed. Therefore, a dedicated mechanism
that controls rotation of the pinion 16 in this manner can
be omitted, and the number of components and cost can
be decreased.

[0047] Inthe above embodiment, a return spring hav-
ing change points on a side to bias the swing arm 20 in
the direction V and on a side to bias the swing arm 20
in the direction W, respectively, may be provided to the
swing arm 20, so that the idle gear 17 is stably kept at
the meshing position even after the solenoid 12 is turned
off. Note that the return spring should not interfere with
the movement of the swing arm 20 in the separating di-
rection W.

[0048] With the above arrangement, an engine start-
ing system is proposed in which complicated electrical
control of the starter motor is avoided and which can
realize a silent start that does not hinder downsizing of
the engine and a quick start that does not increase en-
ergy consumption. This system has a wide industrial ap-
plicability in the technical field of the engine starting sys-
tem as a whole, e.g., an idling stop vehicle.

[0049] More specifically, the gear driven by the starter
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motor is moved in the radial direction of the ring gear
from outside the ring gear, so that it meshes with the
ring gear. Tooth collision occurs at a lower probability
than in a conventional case wherein the driven gear is
moved in the axial direction and is meshed with the ring
gear. The impact of collision decreases, so that collision
noise decreases. In this case, only the driven gear
needs to be moved in the radial direction from outside
the ring gear. Therefore, complicated and fine electrical
control of the starter motor of meshing the driven gear
with the ring gear while rotating the driven gear for a
small amount, as in the conventional case, need not be
performed.

[0050] The driven gear may be a pinion directly driven
by the starter motor, or an idle gear or intermediate gear
rotated by the pinion. The movement of the driven gear
in the radial direction may draw a linear locus, an arcu-
ate locus, or the like.

[0051] With the above arrangement, the idle gear ro-
tated as the driven gear by the pinion is employed, and
the idle gear is moved in the radial direction to draw an
arcuate locus. Thus, the starter motor need not have a
movable structure.

[0052] When the engine is started, upon this rotation
the idle gear meshing with the ring gear naturally disen-
gages from the ring gear. Thus, the actuator need not
move the idle gear in the direction to disengage from the
ring gear.

[0053] In cranking before the start, a reaction force
generated when the ring gear is rotated acts on the idle
gear to bite the ring gear. Thus, the actuator can be
turned off.

[0054] In addition, when the idle gear is to mesh with
the ring gear, the idle gear is moved in such a direction
that its tooth bites in the tooth of the ring gear. Thus,
even when the actuator is turned off after the idle gear
and ring gear mesh with each other, the two gears will
not disengage from each other. Therefore, when the idle
gear is to be preset for a quick start, the actuator such
as a solenoid need not be kept on for a long period of
time for the purpose of keeping the idle gear to mesh
with the ring gear throughout idling stop. Therefore, en-
ergy consumption does not increase.

[0055] The idle gear and auxiliary gear forms a so-
called scissors gear structure. Portions having different
tooth pitches are formed in the idle gear. The idle gear
encounters the ring gear and meshes with it at a rela-
tively-narrow-pitch portion. Thus, a tooth of the idle gear
and a corresponding tooth of the ring gear mesh reliably
and smoothly.

[0056] Before the idle gear meshes with the ring gear,
the phase of the idle gear is adjusted on the arcuate
moving path. Thus, a tooth of the idle gear and a corre-
sponding tooth of the ring gear mesh more reliably and
smoothly.

[0057] Because of the propulsive generated when the
idle gear moves toward the ring gear, the idle gear is
pressed by the abutting member and rotates, so that its
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phase is adjusted.

[0058] Whentheidle gear moves toward the ring gear,
rotation of the pinion is regulated. Thus, the idle gear
cannot but rotate in one direction. During this rotation,
if the idle gear abuts against the abutting member, rota-
tion of the pinion gear is allowed, so that the idle gear
can rotate in the reverse direction. As a result, before
meshing with the ring gear, the idle gear is pressed by
the abutting member and rotates reliably, so that its
phase is adjusted.

[0059] Rotation of the pinion is regulated and allowed
in the above manner by utilizing the one-way clutch
which is originally provided between the pinion and
starter motor in order to prevent the starter motor from
rotating excessively due to the high-speed rotation of
the engine after engine start. Thus, a dedicated mech-
anism for regulating and allowing rotation of the pinion
can be omitted, and accordingly the number of compo-
nents and cost can be decreased.

[0060] Furthermore, since the starter unit can be dis-
posed in the rear portion of the engine main body in the
ordinary manner, the length of the engine in the direction
of the cylinder train (axial direction of the crankshaft)
does not increase, and downsizing of the engine is not
hindered.

(Second Embodiment)

[0061] An engine starting system according to the
second embodiment of the present invention will be de-
scribed. In the starting system according to this embod-
iment, the arrangement of the baffle lever is different
from that of the first embodiment. Except for this, the
arrangement of the second embodiment is the same as
that of the first embodiment described with reference to
Figs. 1 and 2. Thus, the same constituent portions are
denoted by the same reference numerals, and a de-
tailed description thereof will be omitted.

[0062] Fig. 18isaview forexplaining the arrangement
of the starting system according to this embodiment. A
pinion gear 16 is caused to mesh with a ring gear 5
through an idle gear 17 which moves in the radial direc-
tion toward the ring gear 5. A lever-like baffle member
140 is provided as a means for adjusting the phase (ro-
tational posture) in the rotational direction of the idle
gear 17 while the idle gear 17 is moved toward the ring
gear 5 along an arcuate path, so that the idle gear 17
abuts against and meshes with the ring gear 5 reliably
in a phase-set state with the ring gear 5.

[0063] The baffle member 140 has first arm portion
142 and second arm portion 143 which form a predeter-
mined angle about a support shaft 141 (support portion)
as the center, and is rotatably supported by the support
shaft 141. The first and second arm portions 142 and
143 can integrally swing about the support shaft 141 as
the center. The baffle member 140 has a double-spring-
structure spring-back mechanism constituted by a first
spring 144 (coil spring), pin-like first spring stopper 145,
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and second spring 146 (coil spring). The first spring 144
biases the baffle member 140 in a direction to separate
from the ring gear 5, so that the baffle member 140 is
returned to the retreat position and held at the retreat
position. The first spring stopper 145 abuts against the
first spring 144 and prohibits the baffle member 140 from
being moved in the counter ring gear direction over the
retreat position by the spring force (biasing force) of the
first spring 144. The second spring 146 biases the baffle
member 140 in a direction to abut against the ring gear
5 with a spring force smaller than that of the first spring
144.

[0064] In the above spring-back mechanism, the first
and second springs 144 and 146 are arranged such that
they are wound around the support shaft 141 in opposite
directions with their ends extending in the radial direc-
tion. At a position separate from the support shaft 141
of the baffle member 140 toward the pinion gear 16, the
first spring stopper 145 is fixed to a bracket 6 that at-
taches a case 13 of a starter 3 to the engine main body.
At a position separate from the support shaft 141 of the
baffle member 140 in a direction opposite to the first
spring stopper 145, a pin-like second spring stopper 147
is fixed to the bracket 6. At a position separate from the
support shaft 141 in the radial direction, a pin-like third
spring stopper 148 is fixed to the first arm portion 142
of the baffle member 140. The respective ends of the
first spring 144 which extend in the radial direction abut
against the second and third spring stoppers 147 and
148 from the ring gear 5 side. The respective ends of
the second spring 146 which extend in the radial direc-
tion abut against the second and third spring stoppers
147 and 148 from the counter ring gear 5 side.

[0065] The distal end of the first arm portion 142 can
abut against the tooth surface of the idle gear 17. While
the first arm portion 142 is in abutment against the tooth
surface of the idle gear 17, when the baffle member 140
rotates as itis pressed by the idle gear 17 moving toward
the ring gear 5, the second arm portion 143 can abut
against the tooth surface of the ring gear 5.

[0066] Of the second arm portion 143 of the baffle
member 140, that portion which abuts against the tooth
surface of the ring gear 5 is formed of a separate auxil-
iary arm member 149. The auxiliary arm member 149 is
pivotally supported, through a shaft pin 150, on the main
body portion of the second arm portion 143 which ro-
tates together with the first arm portion 142. The auxil-
iary arm member 149 is biased by a spring 151 (coil
spring) in such a direction that it becomes integral with
the main body portion. When the baffle member 140 piv-
ots in a direction to abut against the tooth surface of the
ring gear 5, the auxiliary arm member 149 rotates inte-
grally with the main body portion. When the baffle mem-
ber 140 disengages from the tooth surface of the ring
gear 5, the baffle member 140 can pivot with respect to
the main body portion in a direction to avoid interference
with the tooth surface of the ring gear 5.

[0067] The idle gear 17 has a main body gear portion
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18 which can mesh with the pinion gear 16 and ring gear
5, and an auxiliary gear portion 19 which is coaxial with
the main body gear portion 18, has substantially the
same diameter and almost the same tooth form as those
of the main body gear portion 18, but lacks every other
tooth. The main body gear portion 18 and auxiliary gear
portion 19 form a so-called scissors gear. The main body
gear portion 18 and auxiliary gear portion 19 are biased
by a biasing means (not shown; a leaf spring or the like)
such that they are relatively shifted from each other by
a predetermined phase in the rotational direction. The
teeth of the auxiliary gear portion 19 project in the cir-
cumferential direction by a predetermined amount while
they partially overlap every other tooth of the main body
gear portion 18, so that they each form a relatively-short-
pitch portion with respect to that next tooth of the main
body gear portion 18 which does not overlap the auxil-
iary gear portion 19. The portion between that tooth of
the main body gear portion 18 which does not overlap
the auxiliary gear portion 19 and the next tooth of the
auxiliary gear portion 19 forms a relatively-long-pitch
portion. The repetition of the relatively-short-pitch por-
tion and relatively-long-pitch portion forms alternate rel-
atively-long-tooth-pitch portion and relatively-short-
tooth-pitch portion in the idle gear 17 as a whole. The
relatively long pitch between the teeth of the main body
gear portion 18 is substantially the same as the pitch of
the teeth of the ring gear 5.

[0068] In the idle gear 17, main body gear portion 18
and auxiliary gear portion 19 mesh with the ring gear 5,
and the pinion gear 16 meshes with only the main body
gear portion 18.

[0069] The baffle member 140 (in more detail, the first
arm portion 142) abuts against only the main body gear
portion 18 of the idle gear 17. In addition, every other
tooth of the main body gear portion 18 of the idle gear
17 forms a notch 18b that clears abutment with the baffle
member 140. The notches 18b are formed in those teeth
of the main body gear portion 18 which partially overlap
the teeth of the auxiliary gear portion 19.

[0070] In this starting system, the pinion gear 16 inte-
gral with an output shaft 11b of a starter motor 11 is
meshed with the ring gear 5 integral with the output shaft
(crankshaft) of an engine 1, so that the engine 1 is start-
ed. Normally, the starter motor 11 and a solenoid 12 are
not energized. As shown in Fig. 18, the idle gear 17 is
located at a retreat position remote from the ring gear 5
in the radial direction. The baffle member 140 is sepa-
rated from the ring gear 5.

[0071] When the engine 1 is stopped, the solenoid 12
is energized immediately and its plunger 24 is pulled in.
Thus, a swing arm 20 swings in a direction to come close
to the solenoid 12. Accordingly, as shown in Fig. 19, the
idle gear 17 moves from the retreat position (T1) toward
the ring gear 5 in the stopped state, meshes with the
stopped pinion gear 16, and swings while rotating (turn-
ing) in one direction (clockwise in Fig. 19). During this
movement, the baffle member 140 rotates such that the
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first arm portion 142 passes by that tooth of the main
body gear portion 18 of the idle gear 17 which has a
notch 18b, and abuts against that tooth (a tooth which
partially overlaps the auxiliary gear portion 19) of the
main body gear portion 18 which does not have a notch
18b, until a position where the second arm portion 143
abuts against the tooth surface of the ring gear 5, as
shown in Fig. 19.

[0072] After the second arm portion 143 of the baffle
member 140 abuts against the tooth surface of the ring
gear 5, the idle gear 17 further moves toward the ring
gear 5, and the firstarm portion 142 of the baffle member
140 abuts against the tooth surface of that tooth (a tooth
which partially overlaps the auxiliary gear portion 19) of
the main body gear portion 18 of the idle gear 17 which
does not have a notch 18b. Thus, the idle gear 17 rotates
(turns) in the reverse direction (counterclockwise in Fig.
19) while rotating the pinion gear 16 in a direction to ro-
tate freely (clockwise in Fig. 19), and is adjusted to have
such a phase that it can reliably mesh with the ring gear
5.

[0073] Referring to Fig. 19, reference symbol, 61 de-
notes the angle of a certain tooth of the idle gear 17,
when it finally meshes with the ring gear 5, with refer-
ence to a line A that connects the center of the idle gear
17 and that of the ring gear 5. Reference symbol &1 de-
notes the angle (phase) of the tooth (that tooth of the
main body gear portion 18 which does not have a notch
18b), at a preceding time point where the phase of the
idle gear 17 is adjusted, which abuts against the first
arm portion 142 of the baffle member 140 with reference
to a line B that connects the center of the pinion gear 16
and that of the idle gear 17. The angle of a certain tooth
of the idle gear 17, when it finally meshes with the ring
gear 5, with reference to the line A that connects the
center of the idle gear 17 and that of the ring gear 5
differs each time. For example, regarding an angle 62
shown in Fig. 20, the angle (phase) of the tooth (that
tooth of the main body gear portion 18 which does not
have a notch 18b) which abuts against the first arm por-
tion 142 of the baffle member 140, at a time point where
the phase of the idle gear 17 is adjusted by the operation
of the baffle member 140, with reference to the line B
that connects the center of the pinion gear 16 and that
of the idle gear 17 changes to £2.

[0074] The idle gear 17 swings toward the ring gear
5 while it rotates (turns) again in the initial direction from
the adjusted phase as the start point. Thus, the idle gear
17 encounters the ring gear 5 at the relatively-short-
pitch portion between the tooth of the main body gear
portion 18 and the corresponding tooth of the auxiliary
gear portion 19, and meshes with it reliably and smooth-
ly. The swing arm 20 abuts against a stopper portion
(not shown) provided to the housing 14, so that its swing
is regulated at a predetermined position.

[0075] The positional relationship among the support
shaft 141 and first and second arm portions 142 and 143
of the baffle member 140 is set such that, after the sec-
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ond arm portion 143 abuts against the tooth surface of
the ring gear 5, when the first arm portion 142 presses
the tooth surface of that tooth of the main body gear por-
tion 18 of the idle gear 17 which does not have a notch
18b, the first arm portion 142 swings while rotating (turn-
ing) the idle gear 17 in the reverse direction, so the main
body gear portion 18 may encounter the ring gear 5 at
a relatively-short-pitch portion.

[0076] The planetary gear type reduction mechanism
11c¢ provided between the rotating shaft 11a and output
shaft 11b of the starter motor 11 has a one-way clutch
(not shown). The one-way clutch is locked when rotation
is transmitted from the starter motor 11 side (rotating
shaft 11a side) to the pinion 16 side (output shaft 11b)
in the direction of start of the engine 1, and is set free
when rotation is transmitted from the pinion 16 side to
the starter motor 11 side in the direction of start of the
engine 1. As a result, excessive rotation of the starter
motor 11, after complete explosion occurs in the engine
1 to start the engine 1, is prevented. The operation that
the baffle member 140, after abutting against the ring
gear 5, presses the tooth surface of the idle gear 17 to
rotate (turn) it in the reverse direction utilizes this one-
way clutch. Because of the one-way clutch, rotation of
the pinion gear 16 is regulated in the direction of the
rotation force which is applied by the idle gear 17 when
the idle gear 17 moves toward the ring gear 5. Rotation
of the pinion gear 16 is allowed in the direction of the
rotation force which is applied by the idle gear 17, when
the first arm portion 142 of the baffle member 140 abuts
against the tooth surface of the idle gear 17 and the sec-
ond arm portion 143 of the baffle member 140 abuts
against the tooth surface of the ring gear 5, while the
idle gear 17 moves toward the ring gear 5.

[0077] According to this embodiment, since the phase
of the idle gear 17 is adjusted by the baffle member 140,
as described above, the idle gear 17 encounters the ring
gear 5 at the relatively-short-pitch portion of the main
body gear portion 18. Even if the teeth that encounter
the first abut against each other with their tooth peaks,
when the idle gear 17 further moves, a long-pitch portion
comes next, and the tooth peak of the ring gear fits in
the tooth space of the idle gear and meshes with it reli-
ably. In this manner, the tooth of the idle gear 17 and
that of the ring gear 5 can be meshed more reliably and
smoothly. The idle gear 17 can prevent backlash due to
the original function of the scissors gear. Thus, tooth
striking noise can be further decreased.

[0078] As shown in Figs. 19 and 20, when the idle
gear 17 meshes with the ring gear 5, the rotation center
(the center of the pin 21) of the idle gear 17 is located
on the more front side in a rotational direction X of the
ring gear 5 than aline L that connects the rotation center
(the center of the output shaft 11b) of the pinion gear 16
and that of the ring gear 5. In this case, when the idle
gear 17 is swung clockwise in Fig. 19 or 20 to mesh with
the ring gear 5, it is moved in such a direction that its
tooth bites the tooth of the ring gear 5. Thus, even if the
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solenoid 12 is turned off after the gears 17 and 5 mesh
with each other, they do not disengage from each other
partly because of the friction of the reduction mecha-
nism 11c of the starter motor 11. Thus, even when the
idle gear 17 is to be preset for a quick start, the solenoid
12 need not be kept on for a long period of time for the
purpose of keeping the idle gear 17 to mesh with the
ring gear 5 throughout idling stop. In cranking before en-
gine start, a reaction force generated when the ring gear
5 is rotated acts on the idle gear 17 to bite the ring gear
5. Even when the solenoid 12 is turned off, the idle gear
17 will not disengage from the ring gear 5. Thus, the
solenoid 12 can be turned off at this time point. When
the engine 1 is started, the idle gear 17 meshing with
the ring gear 5 receives the rotation of the ring gear 5
and is sprung back by it to naturally disengage from it.
Thus, no actuator is needed for this operation.

[0079] According to this embodiment, the second arm
portion 143 of the baffle member 140 has the auxiliary
arm member 149 as described above. When the baffle
member 140 pivots in the direction to abut against the
tooth surface of the ring gear 5, the main body portion
of the second arm portion 143 and the auxiliary arm
member 149 function integrally, as shown in Fig. 21A.
When the baffle member 140 is returning to the retreat
position, even if the auxiliary arm member 149 is caught
by a tooth of the ring gear 5 as shown in Fig. 21B, the
auxiliary arm member 149 is pressed by the tooth of the
ring gear 5 and pivots with respect to the main body por-
tion of the second arm portion 143, as shownin Fig. 21C,
and leaves the tooth space of the ring gear 5, as shown
in Fig. 21D. Therefore, defective return caused by inter-
ference with the ring gear 5, which occurs when the baf-
fle member 140 returns to the retreat position, can be
prevented.

[0080] As described above, in the starting system ac-
cording to this embodiment, normally the starter motor
is not energized, the idle gear is located at the retreat
position remote from the ring gear in the radial direction,
and the baffle member is separated from the ring gear.
When the engine is stopped and predetermined condi-
tions are satisfied, the swing mechanism actuates to
move the idle gear from the retreat position toward the
ring gear in the stopped state. During this movement,
the baffle member moves until a position where the sec-
ond arm portion abuts against the tooth surface of the
ring gear, while the first arm portion abuts against the
tooth surface of the idle gear. After the second arm por-
tion of the baffle member abuts against the tooth surface
of the ring gear, the idle gear further moves toward the
ring gear. Thus, the first arm member of the baffle mem-
ber, which has stopped when the second arm portion
abuts against the tooth surface of the ring gear, presses
the tooth surface of the idle gear, and rotates (turns) the
idle gear. The idle gear is adjusted through the baffle
member such that it has a predetermined phase in the
rotational direction with respect to the ring gear. When
the phase of the idle gear is set, the idle gear abuts



19 EP 1 491 764 A2 20

against the ring gear and meshes with it.

[0081] Inthis case, since the pinion gear and ring gear
are meshed with each other through the idle gear that
moves in the radial direction toward the ring gear, they
mesh more smoothly than in a conventional case where-
in the pinion gear is moved in the axial direction to mesh
with the ring gear, and collision noise is decreased.
Phase setting of the gear can be realized by a low-cost
mechanical means that does not require complicated
electrical control, so that the pinion gear and ring gear
can be meshed reliably. The entire length of the engine
is not increased as in a belt-driven starter, so that down-
sizing of the engine is not hindered. Generally, a starter
motor has a built-in reduction gear such as a planetary
gear mechanism. Once the idle gear meshes with the
ring gear, even when the actuator of the swing mecha-
nism such as a solenoid is turned off, the meshing state
can be maintained by the bite of the gears and the fric-
tion of the reduction until the engine is started and the
idle gear is sprung aside. Therefore, an increase in en-
ergy consumption, which occurs when presetting the
idle gear for a quick start after idling stop, can be avoid-
ed.

[0082] The baffle member can be normally abutted
against the ring gear mechanically, while it is retreated
from the ring gear to ensure durability, by utilizing the
movement of the idle gear. Thus, the mechanism for set-
ting the gear phase can be simplified.

[0083] Intheidle gear, the main body gear portion and
auxiliary gear portion form a so-called scissors gear. Re-
garding the tooth pitch of the idle gear as a whole, a
relatively-long-tooth-pitch portion and relatively-short-
tooth-pitch portion alternate. The idle gear encounters
the ring gear at the relatively-short-tooth-pitch portion.
Even if the teeth that encounter at first abut against each
other with their tooth peaks, when the idle gear further
moves, a long-pitch portion comes next, and the tooth
peak of the ring gear fits in the tooth space of the idle
gear and meshes with itreliably. In this manner, the tooth
of the idle gear and that of the ring gear can be meshed
more reliably and smoothly. Also, backlash can be pre-
vented by the original function of the scissors gear.
Thus, tooth striking noise can be further decreased.
[0084] When the starting system is built as a module
on the bracket, the building accuracies of the respective
portions of the starting system can be increased, and
the starting system can be attached to the engine main
body well.

[0085] Since the double-spring-structure spring-back
mechanism is provided, after engine start, the baffle
member can be reliably restored to the retreat position
without interfering with the return of the idle gear, and
can be held at the retreat position until restart after the
next vehicle standing. When the idle gear swings toward
the ring gear, the baffle member can be reliably abutted
against the tooth surface of the idle gear and can be
pivoted toward the ring gear, so that the baffle member
can be abutted against the tooth surface of the ring gear
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reliably. During this movement, with only the double-
spring structure, the retreat position of the baffle mem-
ber might not be stable. However, as the baffle member
is regulated by the spring stopper, it is stably held at the
retreat position. Thus, when the idle gear swings, it
abuts against the baffle member reliably.

[0086] If the baffle member has only one second arm
portion, when the engine is started, the idle gear is
sprung aside, and the baffle member is to separate from
the ring gear with the spring force, sometimes the distal
end of the second arm portion that has been abutting
against the tooth surface of the ring gear is caught by
the next tooth of the ring gear on the other side, and
cannot return to the retreat position easily. If the auxiliary
arm member is provided, when the baffle member pivots
in the direction to abut against the tooth surface of the
ring gear, the main body portion and auxiliary arm mem-
ber of the second arm portion function integrally. When
returning to the retreat position, even if the auxiliary arm
member is caught by the next tooth of the ring gear, it is
pressed by the ring gear and pivots with respect to the
main body portion, so that it leaves the tooth space of
the ring gear. Therefore, defective return caused by in-
terference with the ring gear, which occurs when the baf-
fle member returns to the retreat position, can be pre-
vented.

[0087] When the idle gear further moves toward the
ring gear, since rotation of the pinion gear is regulated,
the idle gear swings while rotating (turning) in one direc-
tion. During this movement, the baffle member rotates
such that the first arm portion passes by that tooth of the
main body gear portion of the idle gear which has a
notch, and abuts against that tooth of the main body
gear portion which does not have a notch. When the idle
gear further swings, the second arm portion of the baffle
member abuts against the tooth surface of the ring gear.
The pinion gear is then allowed to rotate in the reverse
direction, and the first arm portion of the baffle member
abuts against the tooth surface of that tooth of the main
body gear portion of the idle gear which does not have
anotch. Thus, the idle gear rotates (turns) in the reverse
direction while it rotates the pinion gear in a direction (a
direction opposite to one direction described above) in
which the pinion gear is allowed to rotate freely, and is
adjusted to have such a phase that it can reliably mesh
with the ring gear.

[0088] As many apparently widely different embodi-
ments of the present invention can be made without de-
parting from the spirit and scope thereof, it is to be un-
derstood that the invention is not limited to the specific
embodiments thereof except as defined in the append-
ed claims.

Claims

1. An engine starting system for starting an engine(1)
by rotating a crankshaft, characterized by compris-
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ing:

a starter motor(11) having a pinion(16) and
fixed stationarily;

an idle gear(17) which can move along an ar-
cuate path around a rotation center of the pin-
ion(16) while meshing with the pinion(16); and
an actuator(12) which moves the idle gear(17)
along the arcuate path to mesh the idle gear
(17) with a ring gear(5) of the crankshaft.

2. An engine starting system for starting an engine(1)

by rotating a crankshaft, characterized by compris-
ing:

a starter motor(11) having a pinion(16) and
fixed stationarily;

an idle gear(17) which can move along an ar-
cuate path around a rotation center of the pin-
ion(16) while meshing with the pinion(16);

an actuator(12) which moves the idle gear(17)
along the arcuate path to mesh the idle gear
(17) with a ring gear(5) of the crankshaft; and

meshing portion adjusting means(40) for ad-
justing a phase of the idle gear(17) while the
idle gear(17) is moved toward the ring gear(5)
along the arcuate path.

The system according to claim 2, characterized in
that the meshing portion adjusting means includes
an abutting member(41) which advances to the ar-
cuate path of the idle gear and abuts against the
idle gear that is moving toward the ring gear.

The system according to claim 3, characterized in
that rotation of the pinion is regulated in a direction
of aforce applied by the idle gear that moves toward
the ring gear, and is allowed in a direction of a force
applied by the idle gear that has abutted against the
abutting member while moving toward the ring gear.

The system according to claim 4, characterized in
that a one-way clutch(60) is provided between the
pinion and starter motor, the one-way clutch being
locked when rotation is transmitted from a starter
motor side to a pinion side in a direction of starting
the engine, and being set free when rotation is
transmitted from the pinion side to the starter motor
side in the same direction, thereby making the one-
way clutch regulate and allow rotation of the pinion.

The system according to claim 2, characterized by
further comprising a baffle member(140) which ro-
tates the idle gear until a position having a prede-
termined phase where the idle gear can mesh with
the ring gear,

wherein the baffle member includes afirstarm
portion(142) that can abut against a tooth surface
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of the idle gear and a second arm portion(143) that
can abut against a tooth surface of the ring gear
while the first arm portion is in abutment with the
tooth surface of the idle gear, the second arm por-
tion serving to separate from the ring gear, when
the idle gear is located at a retreat position, and the
second arm portion serving to abut against the tooth
surface of the ring gear, while the idle gear moves,
so that the first arm portion presses the tooth sur-
face of the idle gear.

The system according to claim 6, characterized by
further comprising:

afirst spring(146) which biases the baffle mem-
ber in a direction to separate from the ring gear;
a spring stopper(147) which abuts against the
first spring and interrupts the baffle member
from moving in a counter ring gear direction
over the retreat position by a spring force of the
first spring; and

a second spring(148) which biases the baffle
member with a spring force smaller than that of
the first spring in a direction to abut against the
ring gear,

wherein the first and second springs and the
spring stopper restore the baffle member to the re-
treat position and hold the baffle member at the re-
treat position.

The system according to claim 7, characterized in
that the second arm portion(143) has an auxiliary
arm member(149) which abuts against the tooth
surface of the ring gear,

wherein the auxiliary arm member is pivotally
supported by a main body portion that rotates inte-
grally with the first arm portion, pivots integrally with
the main body portion when the baffle member piv-
ots in a direction to abut against the tooth surface
of the ring gear, and pivots with respect to the main
body portion in a direction to avoid interference with
the tooth surface of the ring gear when the baffle
member disengages from the tooth surface of the
ring gear.

The system according to any one of claims 1 to 8,
characterized in that an auxiliary gear having a
smaller number of teeth than that of the idle gear is
provided coaxially with the idle gear while being bi-
ased in a circumferential direction, and the teeth of
the auxiliary gear and teeth of the idle gear form
pitches narrower than pitches formed by the teeth
of the idle gear.

The system according to any one of claims 1 to 9,
characterized in that when the idle gear meshes
with the ring gear, a rotation center of the idle gear
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is located on a more front side in a rotational direc-
tion of the ring gear than a line that connects the
rotation center of the pinion and a rotation center of
the ring gear.

The system according to any one of claims 1 to 10,
characterized in that the starter motor and actua-
tor form a unit in a single case, and are arranged on
a side surface of a cylinder block at a connecting
portion of an engine main body and a transmission.

12. An engine starting system for starting an engine by

rotating a crankshaft, characterized by compris-
ing:

a starter motor(11) having a pinion(16) and
fixed stationarily;

an idle gear(18) which can move along an ar-
cuate path about a rotation center of the pinion
as a center while meshing with the pinion; and
an actuator(12) which moves the idle gear
along the arcuate path to mesh the idle gear
with a ring gear(5) of the crankshaft,

wherein an auxiliary gear(19) having a small-
er number of teeth than that of the idle gear is pro-
vided coaxially with the idle gear while being biased
in a circumferential direction, and the teeth of the
auxiliary gear and teeth of the idle gear form pitches
narrower than pitches formed by the teeth of the idle
gear.
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