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(54) Starter

(57)  Astarter (1) has a built-in shock absorbing unit
(9) in which gaps (A, A-1) are formed in an axial direction
between an outer periphery of a ring drive (45) and an
outer periphery of a ring spacer (47), and gaps (B, B-1)
are formed in a diameter direction between the outer pe-
riphery of the ring spacer (47) and an outer periphery of
aring drive (46). Even if grease flows out toward the gaps

FIG. 4

(A, A-1) in the axial direction from a dumber space by
centrifugal force of rotation of an output shaft (6) of the
starter (1), it is possible to prevent the grease from being
scattered or flying out to the outside of the unit (9) through
the gap (A, A-1) because the outside in the diameter di-
rection of the gaps (A, A-1) is covered with an outer pe-
ripheral wall (47a) of the ring spacer (47).

GA n - "
GAP A" IN AXIAL DIRECTION
INAXIALDIRECTION ¢
FACNGWALLAREA 472 = 4 / 4)7 4[3
)
! 4 I \
GAP'B' S I T N GAP"B"
IN DIAMETER (1 \]\ o} IN DIAMETER
DIRECTION A 1l I DIRECTION
- ) T~__
A J FACINGWALLAREA | _
FLOW-QUT Tr—48 &
PASSAGE OF ~ 46 5
GREASE u} FLOW-OUT T
i PASSAGE OF a
45-HT ) GREASE o
y [51]
L/ \ =
[
Q7—
v NA
% \ |
1
\
L \
—
6 46a
AXIAL DIRECTION "

Printed by Jouve, 75001 PARIS (FR)



1 EP 2 055 937 A2 2

Description
BACKGROUND OF THE INVENTION
1. Field of the invention

[0001] The present invention relates to a starter
equipped with a shock absorbing unit capable of reducing
damage caused by shock applied from the internal com-
bustion side through a pinion gear.

2. Description of the Related Art

[0002] There are conventional techniques relating
many types of starters. For example, Japanese patent
laid open publication No. JP 2006-207573 has disclosed
such a conventional technique.

[0003] FIG. 7 shows a conventional starter having an
output shaft 100, a pinion gear 120, and a shock absorb-
ing unit 130. The output shaft 100 is driven by a motor
(not shown) to rotate. The pinion gear 120 is engaged
with the outer periphery of the output shaft 100 through
a bearing 110. The shock absorbing unit 130 is placed
between the output shaft 100 and the pinion gear 120.
[0004] The shock absorbing unit 130 assembled in the
conventional starter has a primary case 140, a secondary
case 160, and an intermediate case 160, rubber dampers
170 and the like. The primary case 140 is engaged in
spline connection with the outer periphery of the cylindri-
cal part which is assembled with the pinion gear 120. The
secondary case 150 is engaged in spline connection with
the outer periphery of the output shaft 100. The interme-
diate case 160 is relatively and rotatably placed between
the primary case 140 and the secondary case 150. The
rubber dampers 170 are assembled between the primary
case 140, the intermediate case 160, and the secondary
case 150.

[0005] For example, when receiving a shock transmit-
ted or propagated from the internal combustion engine
(not shown) side during cranking, the primary case 140
and the secondary case 150 rotate relatively to the inter-
mediate case 160, and the rubber dampers 170 are com-
pressed and deformed toward a circumferential direction
in order to absorb the shock and to reduce the damage
of the shock.

[0006] A description will now be given of the assem-
bling procedure of the conventional starter equipped with
the shock absorbing unit described above.

[0007] First, the shock absorbing unit 130 and the pin-
ion gear 120 are fitted and engaged with the output shaft
100. The pinion stopper 180 is then fitted and engaged
to the output shaft 100 in order to fix the pinion gear 120
to the output shaft 100.

[0008] The pinion stopper 180 is temporarily shifted
along the output shaft 100 toward the motor side (namely,
toward the right direction in FIG. 7), a character "C" ring
200 (hereinafter, referred to as the "sealing ring 200") is
engaged with a circumferential groove 190 formed on
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the surface of the output shaft 100. After this, the pinion
stopper 180 is then returned in the axial direction toward
the opposite from the motor (not shown) along the output
shaft 100 in order to stop the pinion stopper 180 by the
sealing ring 200.

[0009] The assembling work needs to push and bend
the primary case 140 and the secondary case 150 in the
shock absorbing unit 130 (specifically, to push the pri-
mary case 140 toward the secondary case 150 side) in
order to shift the pinion stopper 180 toward the motor
side along the output shaft 100. In order to achieve this
work, a gap of a predetermined width is formed between
the primary case 140 and the intermediate case 160, and
a gap of a predetermined width is also formed between
the intermediate case 160 and the secondary case 150.
That is, the presence of those gaps in the shock absorb-
ing unit 130 enables the pinion stopper 180 to be shifted
toward the motor side along the output shaft 100.
[0010] By the way, grease is applied on sliding surfac-
es of the rubber dampers 170, the primary case 140, the
intermediate case 160, and the secondary case 150 in
the shock absorbing unit 130. The presence of the grease
enhances the sliding capability of the rubber dampers
170, and absorbs a shock by smoothly pushing and bend-
ing the rubber dampers 170 when the shock is propagat-
ed from an internal combustion engine side and applied
to the starter.

[0011] However,inthe shock absorbing unit 130 of the
conventional starter, the presence of those gaps formed
between the primary case 140 and the intermediate case
160 and between the intermediate case 160 and the sec-
ondary case 150 has a possibility that the grease flows
outto the outside of the shock absorbing unit 130 through
those gaps by a centrifugal force generated when the
shock absorbing unit 130 rotates together with the rotary
shaft 100. Flowing out of most of the grease from the
shock absorbing unit 130 through the gaps makes it dif-
ficult to smoothly bend the rubber dampers 170. This
decreases the function of the shock absorbing unit 130.
In order to avoid such a drawback, because the structure
of the conventional starter requires an excess amount of
the grease in advance, the manufacturing cost of the
starter equipped with the shock absorbing unit 130 hav-
ing the above structure is increased.

SUMMARY OF THE INVENTION

[0012] Itis anobjectof the presentinvention to provide
a starter equipped with a shock absorbing unit of an im-
proved structure which is capable of providing a stable
shock-absorbing capability while suppressing grease
which is held in the shock absorbing unit from flowing out
by centrifugal force generated when the shock absorbing
unit rotates together with a rotary shatft of the starter.

[0013] To achieve the above purpose, the present in-
vention provides a starter (1) equipped with a shock ab-
sorbing unit (9). The starter (1) is comprised of a motor
(2), an output shaft (6), a pinion gear (8), and the shock



3 EP 2 055 937 A2 4

absorbing unit (9).

[0014] The motor (2) generates a rotation power and
supplies the rotation power to an internal combustion en-
gine to start to rotate through the output shaft (6) and the
pinion gear (8) and a ring gear (41). The output shaft (6)
rotates when receiving the rotation power transmitted
from the motor (2). The pinion gear (8) is rotatably placed
at an outer periphery of the output shaft (6) through a
bearing (7). The pinion gear (8) transmits the rotation
power generated by the motor (2) to the ring gear (41)
of the internal combustion engine. In the starter (1), the
shock absorbing unit (9) is placed at the outer periphery
of the output shaft (6). The shock absorbing unit (9) has
elastic members (48) therein. The shock absorbing unit
(9) is capable of reducing a shock. That is, the elastic
members (48) are compressed and deformed when re-
ceiving the shock from the internal combustion engine
side through the pinion gear (8). In particular, the shock
absorbing unit (9) has a primary case (45) engaged with
the pinion gear (8), a secondary case (46) engaged with
the output shaft (6), and those elastic members (48)
placed between the primary case (45) and the secondary
case (46). The primary case (45) and the secondary case
(46) are rotatably placed through the elastic members
(48). Gaps "A" and "A-1" in the axial direction of shock
absorbing unit (9) (also of the output shaft (6)) and gaps
"B"and "B-1"in a diameter direction of the shock absorb-
ing unit (9) (also of the output shaft (6)) are formed be-
tween an outer periphery of the primary case (45) and
an outer periphery of the secondary case (46).

[0015] In general, the shock absorbing unit (9) rotates
together with the output shatft (6) of the motor (2) when
the motor (2) starts to rotate. During the rotation of the
shock absorbing unit (9) in synchronization with the out-
put shaft (6) of the motor (2), the grease applied on the
inside (more detailed, on the sliding surface on which the
elastic members (48) slides and are bent when receiving
a shock) of the primary case (45) and the secondary case
(46) tends to move and fly out toward the outer periphery
of the shock absorbing unit (9) by a centrifugal force gen-
erated by the rotation.

[0016] On the other hand, in the shock absorbing unit
(9) assembled to the starter (1) according to the present
invention, the gap "A" in the axial direction and the gap
"B" in the diameter direction which are connected togeth-
er are formed in the outer periphery of the primary case
(45) and the outer periphery of the secondary case (46).
[0017] This structure of those gaps "A", "A-1", "B", and
"B-1" can prevent the grease from moving and flying out
toward the outside of the primary case (45) and the sec-
ondary case (46) in the shock absorbing unit (9). That s,
the structure of the shock absorbing unit (9) can prevent
the grease from flying out toward the outside of the pri-
mary case (45) and the secondary case (46). Because
the structure of the shock absorbing unit (9) can keep
the grease applied in the inside of the primary case (45)
and the secondary case (46) for a long period of time, it
is possible to smoothly compress and bend the elastic
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members (48) by the relative rotation between the pri-
mary case (45) and the secondary case (46) when the
shock is applied to the shock absorbing unit (9) from the
internal combustion engine (9) side. The starter (1)
equipped with the shock absorbing unit (9) according to
the presentinvention maintains the stable shock-absorb-
ing capability for a long period of time.

[0018] Because the shock absorbing unit (9) in the
starter (1) according to the presentinvention has the gaps
"A" and "A-1" in the axial direction between the outer
periphery of the primary case (45) and the outer periphery
of the secondary case (46), it is possible to easily move
the primary case (45) toward the secondary case (46)
using the gap when the sealing ring is assembled into
the peripheral groove which is formed on the outer pe-
riphery of the output shaft (6) in the assembling work,
like the assembling work of the conventional starter dis-
closed in the Japanese patent laid open publication No.
JP 2006-207573.

[0019] According to the present invention, the starter
(1) equipped with the shock absorbing unit (9) uses the
conventional manufacturing procedure, without any
change, from the step of fitting the shock absorbing unit
and the pinion gear to the output shaft, fitting a sealing
ring to the peripheral groove formed on the output shaft,
and to the step of stopping the pinion stopper by the pres-
ence of the sealing ring.

[0020] In accordance with another aspect of the
present invention, there is provided the starter (1)
equipped with the shock absorbing unit (9). The starter
(1) is comprised of the motor (2), the output shaft (6), the
pinion gear (8), and the shock absorbing unit (9). The
motor (2) generates a rotation power to be supplied to
the internal combustion engine to start to rotate. The out-
put shaft (6) rotates when receiving the rotation power
transmitted from the motor (2). The pinion gear (8) is
rotatably placed at the outer periphery of the output shaft
(6) through the bearing (7). The pinion gear (8) transmits
the rotation power generated by the motor (2) to the ring
gear for the internal combustion engine.

[0021] The shock absorbing unit (9) is placed on the
outer periphery of the output shaft (6). The shock absorb-
ing unit (9) has the elastic members (48). The shock ab-
sorbing unit (9) is capable of reducing a shock by com-
pressing and deforming the elastic members (48) when
receiving the shock applied from the internal combustion
engine side through the pinion gear (8). In particular, the
shock absorbing unit (9) has the primary case (45) con-
nected to the pinion gear (8), the secondary case (46)
connected to the output shaft (6), and one or more inter-
mediate cases (47) placed between the primary case (45)
and the secondary case (46).

[0022] Through the intermediate case (47), the elastic
members (48) are assembled in multiple stages in series
between the primary case (45) and the secondary case
(46). The primary case (45) and the intermediate case
(47) are rotatably and relatively placed through the elastic
members (48). Similarly, the intermediate case (47) and
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the secondary case (46) are rotatably and relatively
placed through the elastic members (48). The gaps "A"
and "A-1" formed in the axial direction of the shock ab-
sorbing unit (9) and the gaps B and "B-1" formed in the
diameter direction of the shock absorbing unit (9) are
formed between the outer periphery of the primary case
(45) and the outer periphery of the intermediate case (47)
and also between the outer periphery of the intermediate
case (47) and the outer periphery of the secondary case
(46).

[0023] In general, because the shock absorbing unit
(9) rotates in synchronization with the output shaft (6)
when receiving the rotary power transmitted from the mo-
tor (2), the grease applied in the inside of the primary
case (45), the intermediate case (47), and the secondary
case (46), tends to move and fly out toward the outer
periphery of the shock absorbing unit (9) in the diameter
direction, specifically, the grease is applied on the sliding
surfaces, on which the elastic members (48) bend and
slide, ofthe primary case (45), the intermediate case (47),
and the secondary case (46).

[0024] On the other hand, according to the present in-
vention, the gap "A" in the axial direction and the gap "B"
in the diameter direction are formed between the outer
periphery of the primary case (45) and the intermediate
case (47), and the gap "A-1" in the axial direction and
the gap "B-1" in the diameter direction are formed be-
tween the outer periphery of the intermediate case (47)
and the outer periphery of the secondary case (46). The
above structure of the shock absorbing unit (9) can pre-
vent the grease from moving to and flying out directly
toward the outside of those cases (45, 46, and 47). That
is, the structure of the shock absorbing unit (9) can pre-
vent the grease from flowing out of each of the primary
case (45), the secondary case (46), and the intermediate
case (47). In addition to this, the presence of the gaps
"A", "A-1", "B", and "B-1" in the shock absorbing unit (9)
keeps the grease in those cases (45, 46, and 47) for a
long period of time. Accordingly, even if a shock is prop-
agated from the internal combustion engine side to the
starter (1), because the elastic members are smoothly
compressed and bent according to the relative rotation
between the primary case (45) and the secondary case
(46) through the intermediate case (47), the starter (1)
equipped with the shock absorbing unit (9) has the stable
shock-absorbing capability.

[0025] Further, because the shock absorbing unit (9)
in the starter (1) according to the present invention has
the gap "A" formed in the axial direction between the
outer periphery of the primary case (45) and the gap "A-
1" in the axial direction between the outer periphery of
the intermediate case (47) and the outer periphery of the
secondary case (46), it is possible for the shock absorb-
ing unit (9) to move within the gap, namely, the primary
case (45) is pushed toward the secondary case (46) side
when the sealing ring is assembled into the peripheral
groove formed on the outer periphery of the output shaft
(6), like the conventional starter disclosed in the Japa-
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nese patent laid open publication No. JP 2006-207573.
[0026] In the starter as another aspect of the present
invention, the gaps in the axial direction and the gaps in
the diameter direction are alternately formed in a laby-
rinth structure.

[0027] Inthe starter (1) according to the presentinven-
tion, the gaps are formed in a labyrinth structure between
the outer periphery of the primary case (45) and the outer
periphery of the secondary case (46). This structure en-
hances the capability of preventing the grease from flying
out which is caused by centrifugal force.

[0028] Similarly, in the starter (1) according to the
present invention, the gaps are formed in a labyrinth
structure between the outer periphery of the primary case
(45) and the outer periphery of the intermediate case (47)
and between the outer periphery of the intermediate case
(47) and the outer periphery of the secondary case (46).
This structure also enhances the capability of preventing
the grease from flying out which is caused by centrifugal
force.

[0029] In the starter as another aspect of the present
invention, itis so formed that the gap "B" and "B-1" in the
diameter direction is narrower than the gap A and A-1.
In the assembling work for the starter (1) according to
the present invention, it is needed to shift the shock ab-
sorbing unit (9) toward the axial direction of the output
shaft (6) side of the starter (1) (specifically, it is needed
to push the primary case (45) to the secondary case (46)
side) in order to fit the pinion stopper (43) to the output
shaft (6). In order to complete this assembling work, it is
required to have the gaps formed in the axial direction
formed between the outer periphery of the primary case
(45) and the outer periphery of the secondary case (46),
or formed between the outer periphery of the primary
case (45) and the outer periphery of the intermediate
case (47) and between the outer periphery of the inter-
mediate case (47) and the outer periphery of the second-
ary case (46). That is, assembling the pinion stopper (43)
needs the gaps in the axial direction of the shock absorb-
ing unit (9).

[0030] On the other hand, because the assembling
work for the starter (1) does not use the gaps "B" and "B-
1" formed in the diameter direction, it is possible to form
the gaps "B" and "B-1" smaller in length (namely, size)
than the gaps "A" and "A-1" unless the primary case (45)
and the secondary case (46) interact with each other. As
a result, the above structure of the starter (1) with the
gaps "A", "A-1", and "B", "B-1" ensures the capability of
suppressing the grease from flowing out toward the out-
side of the cases (45, 46, and 47). In other words, the
structure of the starter (1) according to the present in-
vention increases the capability of keeping the grease in
the shock absorbing unit.

[0031] In accordance with another aspect of the
present invention, there is provided a starter (1) com-
prised of a motor (2), an output shaft (6), a pinion gear
(8), and a shock absorbing unit (9). The motor (2) gen-
erates a rotation power when receiving the electric pow-
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er, for example, supplied from a battery. The output shaft
(6) starts to rotate when receiving the rotation power
transmitted from the motor (2). The pinion gear (8) is
rotatably placed at an outer periphery of the output shaft
(6) through the bearing (7) and transmits the rotation pow-
er generated by the motor (2) to the ring gear (41) for the
internal combustion engine. In particular, the shock ab-
sorbing unit (9) is placed on the outer periphery of the
output shaft (6). The shock absorbing unit (9) has one or
more elastic members (48). When receiving a shock
propagated or supplied from the internal combustion en-
gine side, the elastic members (48) are compressed and
deformed in order to absorb the shock. The shock ab-
sorbing unit (9) has the primary case (45) engaged with
the pinion gear (8), the secondary case (46) engaged
with the output shaft (6), and the elastic members (48)
placed between the primary case (45) and the secondary
case (46). In the starter (1) according to the present in-
vention, the primary case (45) and the secondary case
(46) are relatively and rotatably placed through the elastic
members (48). In particular, one or more concave parts
(49) are formed in a sliding surface of at least one of the
primary case (45) and the secondary case (46) on which
the elastic members (48) slide and are bent.

[0032] The structure of the starter (1) according to the
present invention enables the grease to be held in the
concave parts (49) formed in the sliding surface of the
primary case (45) and the secondary case (46). Further,
the wall surfaces of the concave parts (49) suppress the
grease held therein from moving and flying out toward
the outside of the outer periphery of the primary case
(45) and the secondary case (46) by centrifugal force
when the shock absorbing unit (9) rotates. Thus, the con-
cave parts (49) in the shock absorbing unit (9) assembled
in the starter (1) according to the present invention ef-
fectively holds the grease. As a result, when a shock is
applied from the internal combustion engine side to the
starter (1), the structure of the starter (1) enables the
elastic members (48) to be smoothly bent according to
the relative rotation of the primary case (45) and the sec-
ondary case (46), and thereby provides a stable shock-
absorbing capability.

[0033] In accordance with another aspect of the
present invention, there is provided the starter (1) com-
prised of the motor (2), the output shaft (6), the pinion
gear (8), and the shock absorbing unit (9). The motor (2)
generates a rotation power when receiving the electric
power, for example, supplied from a battery. The output
shaft (6) initiates to rotate when receiving the rotation
power transmitted from the motor (2). The pinion gear
(8) is rotatably placed on the outer periphery of the output
shaft (6) through the bearing (7) and transmits the rotation
power generated by the motor (2) to the ring gear for the
internal combustion engine. The shock absorbing unit (9)
is placed on the outer periphery of the output shaft (6).
The shock absorbing unit (9) has one or more the elastic
members (48) therein. When receiving a shock propa-
gated from the internal combustion engine side, the elas-
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tic members (48) slide and are bent in order to absorb
the shock. The shock absorbing unit (9) is capable of
reducing the shock propagated from the internal com-
bustion engine side through the pinion gear (8) and the
ring gear (41). The shock absorbing unit (9) has the pri-
mary case (45) connected to the pinion gear (8), the sec-
ondary case (46) connected to the output shaft (6), at
least one intermediate case (47) which is placed between
the primary case (45) and the secondary case (46). The
elastic members (48) are placed in multiple stages in
series between the primary case (45) and the secondary
case (46) through the intermediate case (47).

[0034] Inthe starter (1) according to the presentinven-
tion, the primary case (45) and the intermediate case (47)
are relatively and rotatably placed through the elastic
members (48). The intermediate case (47) and the sec-
ondary case (46) are relatively and rotatably placed
through the elastic members (48). In particular, one or
more concave parts (49) are formed in the sliding surface
of at least one of the primary case (45) and the interme-
diate case (47) where the elastic member (48) slides and
is bent. Thus, the concave parts (49) are formed in the
sliding surface of at least one of the intermediate case
(47) and the secondary case (46) where the elastic mem-
ber (48) slides and are bent.

[0035] According to the above structure of the starter
(1), itis possible to hold the grease in the concave parts
(49) formed in the sliding surface of those cases (45, 46,
and 47). Further, the wall surfaces of the concave parts
(49) suppress the grease held therein from moving and
flying out toward the outside of the outer periphery of the
primary, secondary, and intermediate cases (45, 46, and
47) by centrifugal force when the shock absorbing unit
(9) rotates. Thus, the structure of the starter (1) equipped
with the shock absorbing unit (9) effectively holds the
grease in the concave parts (49). As a result, even if a
shock is propagated from the internal combustion engine
side to the starter (1), the above structure of the starter
(1) enables the elastic members (48) to be smoothly bent
according to the relative rotation of the primary case (45)
and the secondary case (46), and thereby provides a
stable shock-absorbing capability.

[0036] In the starter as another aspect of the present
invention, the gaps "A" and "A-1" in the axial direction of
the shock absorbing unit (9) and the gaps "B" and "B-1"
in the diameter direction of the shock absorbing unit (9)
are formed between the outer periphery of the primary
case (45) and the outer periphery of the secondary case
(46). The gap in the axial direction is connected to the
gap in the diameter direction.

[0037] This structure of the starter (1) provides an im-
proved effect to suppress flowing out of the grease which
is held in the cases (45, 46, and 47) and the concave
parts (49) in addition to the prescribed effects of the start-
er (1).

[0038] In the starter as another aspect of the present
invention, the gap "A" in the axial direction and the gap
"B" in the diameter direction of the shock absorbing unit
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(9) are formed between an outer periphery of the primary
case (45) and the outer periphery of the intermediate
case (47). The gap "A-1" in the axial direction and the
gap "B-1"inthe diameter direction of the shock absorbing
unit (9) are formed between the outer periphery of the
intermediate case (47) and the outer periphery of the
secondary case (46). The gap "A" in the axial direction
is connected to the gap "B" in the diameter direction, and
the gap "A-1" in the axial direction is connected to the
gap "B-1" in the diameter direction. This structure of the
starter (1) also provides the enhancement of the effect
to suppress flowing out of the grease which is held in the
cases and the concave parts (49) in addition to the pre-
scribed effects of the starter (1).

[0039] In the starter as another aspect of the present
invention, each concave part is formed with a circular-
arc shape in a central part of the sliding surface in the
diameter direction along the circumferential direction of
those cases (45, 46, and 47). When the concave part
(49) is formed in the diameter direction at an end patrt,
not the central part of the sliding surface of the case,
there is a possibility of hanging a part of the elastic mem-
ber (48) by the concave part (49) when the elastic mem-
bers (48) are bent by receiving the shock propagated
from the internal combustion engine side to the starter
(2). This makes it difficult for the elastic members (48) to
be smoothly bent. On the other hand, according to the
present invention, because the concave parts (49) are
formed in the diameter direction at the central part of
each sliding surface of the case, it is possible for the
elastic members (48) to smoothly slide without losing the
sliding capability. Still further, because the concave part
(49) is formed in a circular-arc shape along the periphery
of the sliding surface, this structure of the concave part
effectively supplies the grease between the sliding sur-
face of each case and the elastic members (48).

[0040] In the starter as another aspect of the present
invention, a length of each concave part in the diameter
direction is not more than 1/2 times of a length of each
elastic member in the diameter direction. If the size of
the concave part in the radial direction is larger than that
of each elastic member, there is a possibility of hanging
a part of the elastic member (48) by the concave part
(49) when the elastic members (48) are bent by receiving
the shock applied from the internal combustion engine
side to the starter (1). Forming the concave part (49) of
not more than 1/2 of the size of the elastic member (48)
in the diameter direction enables the elastic members to
smoothly slide on the sliding surface without losing the
sliding capability of the elastic member (48).

[0041] In the starter as another aspect of the present
invention, the pinion gear (8) is always engaged with the
ring gear of the internal combustion engine. When the
pinion gear (8) of the starter (1) is always engaged with
the ring gear (41) of the internal combustion engine, the
shock to be propagated to the starter (1) has following

types (a) to (c):
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(a) The shock which is generated when the internal
combustion engines initiates to rotate, that is, the
shock is generated when the pinion gear knocks the
ring gear by fluctuating the rotation speed of the en-
gine shaft of the internal combustion engine during
cranking;

(b) The shock which is caused by a reverse rotation
of the crank shaft generated when the internal com-
bustion engine stops to operate; and

(c) The shock which is generated when the engine
of a vehicle stops on an uphill road, and the vehicle
backs toward the opposite direction on the uphill
road.

[0042] The shock absorbing unit (9) assembled in the
starter (1) according to the present invention has an im-
portant feature to absorb the shock propagated from the
internal combustion engine side.

[0043] According to another aspect of the present in-
vention, the starter (1) is used in an automatic engine
stopping/restarting system capable of controlling stop-
ping and restarting the internal combustion engine.
[0044] For example, the automatic engine stopping/
restarting system (which is usually called to as the "idle
reduction” or the "automobile emissions control" aimed
at reducing the amount of energy wasted by an idling
vehicle. For example, when a vehicle’s engine is not be-
ing used to move the vehicle at an intersection or during
atraffic jam, it can be shut off entirely-thereby conserving
fuel and reducing automobile emissions-while other func-
tions like accessories and lighting in the vehicle are pow-
ered by an electrical source other than a vehicle alterna-
tor. The automatic engine stopping/restarting system as
the automobile emissions control then restarts the inter-
nal combustion engine by the driver operation.

[0045] In the vehicle equipped with the automatic en-
gine stopping/restarting system, the number of starting
operations of the starter is larger than that of another
vehicle without any automatic engine stopping/restarting
system.

[0046] Thatis, the vehicle equipped with the automatic
engine stopping/restarting system has a large number of
operationsto start the internal combustion engine, name-
ly, to start the starter (1).

[0047] When the internal combustion engine starts to
rotate (namely, during the cranking), the pinion gear
strikes the ring gear by the fluctuation of the engine
speed, and this generates noises and shock.

[0048] Accordingtothe presentinvention, because the
shock absorbing unit assembled in the starter is capable
of reducing those noises and shock reduces those noises
and shock, it is possible to apply the starter according to
the present invention to vehicles equipped with the au-
tomatic engine stopping/restarting system in order to re-
duce those noises and shock.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0049] A preferred, non-limiting embodiment of the
present invention will be described by way of example
with reference to the accompanying drawings, in which:

FIG. 1 is a cross section of a starter according to a
first embodiment of the present invention;

FIG. 2 is a semi cross-section of the starter shown
in FIG. 1, in particular, shows a structure of a shock
absorbing unit, and its peripheral parts in the starter
shown in FIG. 1;

FIG. 3 is a plan view of a ring spacer in the shock
absorbing unit incorporated in the starter according
to the first embodiment into which elastic members
are accommodated;

FIG. 4 is an enlarged cross section of gaps formed
in the shock absorbing unit in the starter according
to the first embodiment;

FIG. 5 is a plan view of a ring spacer in the shock
absorbing unit incorporated in the starter according
to a second embodiment of the present invention;
FIG. 6 is a cross section of the ring spacer along C-
C line shown in FIG. 5; and

FIG. 7 is a semi cross-section of a shock absorbing
unit in a conventional starter.

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENTS

[0050] Hereinafter, various embodiments of the
present invention will be described with reference to the
accompanying drawings. In the following description of
the various embodiments, like reference characters or
numerals designate like or equivalent component parts
throughout the several diagrams.

First embodiment

[0051] A description will now be given of a starter 1
according to a first embodiment of the present invention
with reference to FIG. 1 to FIG. 4.

[0052] FIG.1is a cross section of the starter 1 accord-
ing to the embodiments of the present invention. FIG. 2
is a semi cross-section of the starter 1 shown in FIG. 1.
In particular, FIG. 2 shows a structure of a shock absorb-
ing unit 9 and its peripheral parts in the starter 1 shown
in FIG. 1.

[0053] As shown in FIG. 1, the starter 1 according to
the first embodiment has a motor 2, an electromagnetic
relay 3, a back stop clutch 4 (or a one-way clutch), a
reduction device 5, an output shaft 6, a pinion gear 8, a
shock absorbing unit 9, and the like. An armature 2a of
the motor 2 generates a rotational power in order to ini-
tiate an internal combustion engine (omitted from the
drawings) to operate when receiving an electric power
supplied from a battery (not shown). A main contact is
placed in a motor circuit. The main contact will be ex-
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plained later in detail. The electric power is supplied from
the battery (not shown) to the armature 2a through the
main contact which is open and closed by the electro-
magnetic relay 3. The back stop clutch 4 stops the arma-
ture 2a to rotate in opposite direction. The reduction de-
vice 5 reduces the rotation speed of the armature 2a. An
output torque of the motor 2 is transmitted to the internal
combustion engine through the output shaft 6 and the
pinion gear 8. The pinion gear 8 is engaged with the outer
periphery of the output shaft 6 through a bearing 7. The
shock absorbing unit 9 is placed on the outer periphery
of the output shaft 6.

[0054] The starter 1 according to the first embodiment
is applied to an automatic engine stop/re-start system.
The automatic engine stop/re-start system automatically
controls the operation of the internal combustion engine
(not shown) to start and stop.

[0055] The motor 2 is a well-known rectifier electric
motor in which a rectifier 10 is placed at one end (at the
right side in FIG. 1) of an armature shaft 2b through which
the output torque of the armature 2a is transmitted, and
the electric power is supplied to the armature 2a through
a brush 11 which is placed at the outer periphery of the
rectifier 10.

[0056] One end of the armature shaft 2b, which
projects from the rectifier 10, is rotatably supported by
an end frame 13 through the bearing 12. The other end
of the armature 2b is relatively and rotatably inserted
through a bearing 14 (see FIG. 2) in an inside of a cavity
part formed in the end part of the output shaft 6.

[0057] The end frame 13 is assembled to an opening
of an end side of a yoke 15 so that it is engaged with this
opening. The end frame 13 is fastened and fixed to a
starter housing 16 by some through bolts (not shown).
The yoke 15 forms a magnet circuit of the motor 2.
[0058] The electromagnetic relay 3 has a solenoid and
a contact cover 19 made of resin fixed to the solenoid.
The solenoid has a built-in electromagnet coil 17 and a
built-in plunger 18. A main contactis placed in the contact
cover 19. The solenoid generates electromagnetic force
when receiving an electric power, and attracts the plung-
er 18. The function of the solenoid is a well-known matter.
The plunger 18 controls the main contact to open/close.
[0059] Because the electromagnetic force disappears
when the supply of the electric power to the solenoid 18
stops, the plunger 18 is returned to the original position
by the force accumulated in a return spring 20. The main
contact is thereby open.

[0060] The main contact has B fixed contact 22 and M
fixed contact 24, and a movable contact 25. The B fixed
contact 22 is electrically connected to a high voltage po-
tential side (battery side) of the motor circuit through a B
terminal bolt 21. The M fixed contact 24 is electrically
connected to a low voltage potential side (motor side) of
the motor circuit through a M terminal bolt 23. The mov-
able contact 25, together with the plunger 18, moves in
order to open/close the B fixed contact 22 and the M fixed
contact 24. When the movable contact 25 is electrically
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contacted to the B fixed contact 22 and the M fixed contact
24, the B fixed contact 22 is electrically connected to the
M fixed contact 24, and the main contact falls in a closed
state.

[0061] On the other hand, when the movable contact
25 is separated from the B fixed contact 22 and the M
fixed contact 24, the B fixed contact 22 is also separated
from the M fixed contact 24, and the main contact falls
in an open state.

[0062] The B fixed contact 22 and the M fixed contact
24 are respectively fixed to the contact cover 19. A ter-
minal of a battery cable (not shown) is electrically con-
nected to a front end part of the B terminal bolt 21. The
B terminal bolt 21 projects from the contact cover 19 to-
ward the axial direction of the output shaft 6. Like the B
terminal bolt 21, a terminal of a motor lead 26 is electri-
cally connected to a front end part of the M terminal bolt
23. The M terminal bolt 23 also projects from the contact
cover 19 toward the axial direction of the output shaft 6.
[0063] A motor-side end part of the motor lead 26 is
inserted into the inside of the motor 2 through a grommet
27 made of rubber which is placed between the yoke 15
and the end frame 13. The motor-side end part of the
motor lead 26 is electrically connected to the brush 11
of a positive (+) electrode side.

[0064] The back stop clutch 4 (or a one-way clutch) is
comprised of an inner member 28, an outer member 29,
a roller 30, and the like. The inner member 28 is placed
at a part of the armature shaft 2b. A plurality of cam boxes
(not shown) is formed by the outer member 29 between
the outer peripheral surface of the inner member 28 and
the outer member 29. The roller 30 is placed in the cam
boxes.

[0065] The outer member 29 has an outer wall part
29a which projects toward the outside in the diameter
direction (or the radius direction) of the outer member
29. The outer peripheral part of the outer wall part 29a
is held between the yoke 15 and the spacer member 31
and fixed toward the axial direction of the outer member
29. The outer peripheral part of the outer wall part 29a
is also limited in rotation by the starter housing 16. The
cam boxes are formed in a wedge shape which becomes
narrow toward the anti-rotation direction of the armature
shaft 2b.

[0066] The roller 30 is pushed by a spring (not shown)
toward the direction (which is the opposite direction of
the armature direction 2b) to which the space of each
cam box is gradually decreased. The roller 30 serves as
a means of transmitting or halting the torque between
the inner member 28 and the outer member 29.

[0067] The back stop clutch 4 (or an one-way clutch)
is capable of halting the reverse rotation of the armature
2a when the internal combustion engine initiates its re-
verse rotation, and the reversing rotation is transmitted
to the starter 1. That is, the reversing rotation from the
internal combustion engine is propagated to the pinion
gear 8, the shock absorbing unit 9, the output shaft 6,
the reduction device 5, and finally to the armature shaft
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2b. When the reversing rotation reaches the armature
shaft 2b, the roller 30 moves toward the direction, to
which each cam box becomes narrow, and the roller 30
is then locked between the inner member 28 and the
outer member 29. The reversing rotation of the armature
2a is thereby halted.

[0068] On the other hand, when the starter 1 drives
the internal combustion engine, the roller 30 moves to-
ward the direction to which the space of each cam box
is wide so that the roller 30 races, namely, falls in idling,
and the armature shaft 2b starts to rotate.

[0069] The reduction device 5 is a planet gear type
reduction device capable of reducing the rotation speed.
The reduction device 5 and the armature shaft 2b are a
coaxial system. The reduction device 5 is comprised of
a sun gear 32, an internal (or annulus) gear 33, and a
planetgear 34. The sun gear 32 is placed on the armature
axis 2b at the opposite side of the rectifying device. The
internal (or annulus) gear 33 (see FIG. 2) is limited in
rotation through a torque limiter (will be explained below).
The planet gear 34 (see FIG. 2) is engaged with the sun
gear 32 and the internal (or annulus) gear 33. The orbital
motion of the planet gear 34 is transmitted to the output
shaft 6.

[0070] As shown in FIG. 2, the torque limiter is com-
prised of a fixed disk 36, a rotary disk 37, a disk spring
38 (belleville), and the like. The fixed disk 36 is limited in
rotation by a central case 35. The rotary disk 37 is limited
in rotation by a friction generated between the rotary disk
37 and the fixed disk 36, and between the rotary disk 37
and the central case 35. The disk spring 38 pushes the
rotary disk 37 inserted between the fixed disk 36 and the
rotary disk 37 toward the axial direction.

[0071] When an excess torque over a slip torque of
the rotary disk 37 is applied to the internal gear 33 (or
annulus gear), the rotary disk 37 slips (or, rotates) against
the friction. Because this limits the rotation of the internal
gear 33, the excess torque is not propagated.

[0072] The central case 35 is placed in the inside of
the starter housing 16 so that it is perpendicular to the
output shaft 6. The central case 35 is fixed in position so
that it contacts to a step-shaped part formed in the inner
periphery of the starter housing 16. This central case 35
is also limited in rotation to the starter housing 16.
[0073] The output shaft 6 and the armature shaft 2b
are placed to have a same axial line. Further, the end
part of the output shaft 6 at the opposite side of the motor
2 is rotatably supported by the front end of the starter
housing 16 through the bearing 39. Still further, the end
part of the output shaft 6 at the motor 2 side is engaged
with the reduction device 5 and also rotatably supported
by the central case 35 through the bearing 40 (see FIG.
2).

[0074] The pinion gear 8 is always engaged with the
ring gear 41 at the engine side and further engaged with
the output shaft 6 through the shock absorbing unit 9.
The structure and actions of the shock absorbing unit 9
will be explained later in detail.
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[0075] The pinion gear 8 is contacted to a pinion stop-
per 43 in order to prevent the pinion gear 8 from being
separated from the output shaft 6. This pinion stopper 43
is assembled to the end part of the output shaft 6 through
a sealing ring 42. The sealing ring 42 is fitted to a circum-
ferential groove 44 formed on the outer circumference of
the output shaft 6.

[0076] Next, a description will now be given of the
shock absorbing unit9 assembled in the starter 1 accord-
ing to the first embodiment of the present invention with
reference to FIG. 2, FIG. 3, and FIG. 4.

[0077] FIG. 3is a plan view of a ring spacer 47 in the
shock absorbing unit 9 in the starter 1 according to the
first embodiment. Elastic members are accommodated
in the ring spacer 47. FIG. 4 is an enlarged cross section
of gaps formed in the shock absorbing unit 9 in the starter
1 according to the first embodiment.

[0078] As shown in FIG. 2, the shock absorbing unit 9
has a ring drive 45 as a primary case, a ring drive 46 as
a secondary case, and the ring spacer 47 as an interme-
diate case, elastic members 48, and the like. The elastic
members 48 are assembled between the ring drive 45
and the ring spacer 47, and between the ring spacer 47
and the ring drive 46.

[0079] As shown in FIG. 2, a boss part 45a of a cylin-
drical shape is formed at a central part in the diameter
direction of the ring drive 45. This boss part 45a is en-
gaged in a spline connection with the outer periphery of
acylindrical part 8a. This cylindrical part 8a and the pinion
gear 8 are made with one body. The boss part 45a is so
engaged with the pinion gear 8 through the cylindrical
part8a so as not to relatively rotate with the pinion gear 8.
[0080] Like the ring drive 45, a boss part 46a of a cy-
lindrical shape is formed at a central part of the ring drive
46 as the secondary case. The boss part 46a is engaged
in a spline connection with the outer periphery of the out-
put shaft 6. The boss part 46a is so engaged with the
output shaft 6 so as not to relatively rotate with the output
shaft 6.

[0081] The ring spacer 47 is placed between the ring
drive 45 and the ring drive 46, and is rotatably engaged
with the outer periphery of the boss part 46a formed in
the ring drive 46.

[0082] A plurality of damper spaces S (see FIG. 3) is
formed between the ring drive 45 and the ring spacer 47,
and between the ring spacer 47 and the ring drive 46.
The ring drive 45 faces the ring spacer 47 in the axial
direction of the output shaft 6. The ring spacer 47 faces
the ring drive 46 in the axial direction of the output shaft
6. Elastic members 48 are placed in the damper spaces
S. FIG. 3 shows the three damper spaces S. The present
invention is notlimited by the number of the damper spac-
es S.

[0083] The ring drives 45 and 46 are made of metal
such as iron so as to obtain a desired strength for trans-
mitting the output torque of the starter 1. On the other
hand, itis possible to make the ring spacer 47 using resin
in order to decrease the total weight of the starter 1.
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[0084] As shown in FIG. 3, the elastic members 48 is
comprised of a main block part 48a, a bridging part 48b,
and a sub block part 48c. The sub block part 48c is con-
nected to the main block part 48a through the bridging
part 48b. The main block part 48a, the bridging part 48b,
and the sub block part 48c are made with one body, and
for example, made of oil-proof synthetic rubber.

[0085] Each elastic member 48 is accommodated in
each of the three damper spaces S formed between the
ring drive 45 and the ring spacer 47. Each elastic member
48 is also accommodated in each of the three damper
spaces S formed between the ring spacer 47 and the ring
drive 46.

[0086] Grease is applied as lubricant in the inside of
the shock absorbing unit 9 so as to smoothly bend the
elastic members 48 when a shock is applied to the starter
1. In more detail, the grease is applied between the sur-
faces of the elastic members 48, the ring drive 45, the
ring spacer 47, and the ring drive 46. The ring drive 45
and the ring spacer 47 which are adjacent to each other
relatively and rotatably face together through the elastic
members 48. Similarly, the ring spacer 47 and the ring
drive 46 are adjacent to each other, and relatively and
rotatably face together through the elastic members 48.
[0087] As shown in FIG. 4, axial gaps A and A-1 and
diameter gaps B and B-1 are formed between the outer
periphery of the ring drive 45 and the outer periphery of
the ring spacer 47 and between the outer periphery of
the ring spacer 47 and the outer periphery of the ring
drive 46. The axial gaps A and A-1 are formed in the axial
direction of the shock absorbing unit 9 (, namely in the
axial direction of the output shaft 6). The diameter gaps
B and B-1 are formed in the diameter direction of the
shock absorbing unit 9.

[0088] A description will now be given of the axial gaps
A, A-1 and the diameter gaps B and B-1 in detail with
reference to FIG. 4.

[0089] The ring drive 45 has a facing-wall area, and
the ring spacer 47 has a facing-wall area. Those facing-
wall areas are formed in the diameter direction of the
outside of the damper space S between the ring drive 45
and the ring spacer 47. Those facing-wall areas face to-
gether at a predetermined interval which will be referred
to as the "gap A in the axial direction" (see the left side
in FIG. 4). In other words, as shown in FIG. 4, the gap A
is formed between those facing-wall areas of the ring
drive 45 and the ring spacer 47.

[0090] An outer peripheral wall 47a of a ring shape is
formed at the outer diameter part of the ring spacer 47.
This outer peripheral wall 47a of aring shape is extended
toward the opposite side (the left side in FIG. 4) of the
motor 2 along the axial direction from the facing-wall area.
It is so formed that the inner diameter of the outer pe-
ripheral wall 47a is larger than the outer diameter of the
ring drive 45 in order to form the gap B in the diameter
direction (see FIG. 4) between the inner periphery of the
outer peripheral wall 47a and the outer periphery of the
ring drive 45. As clearly shownin FIG. 4, the gap Ain the
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axial direction and the gap B in the diameter direction are
connected (or communicated) together in a character "L"
shape. The gap A and the gap B make a passage through
which the grease and air flow out to the outside of the
shock absorbing unit 9.

[0091] Similarly, the ring drive 46 has a facing-wall ar-
ea, and the ring spacer 47 has another facing-wall area.
Those facing-wall areas are formed in the diameter di-
rection of the outside of the damper space S between
the ring drive 46 and the ring spacer 47. Those facing
walls face together at a predetermined interval which will
be referred to as the "gap A-1 in the axial direction” (see
the right side in FIG. 4). In other words, as shown in FIG.
4, the gap A-1is formed between those facing-wall areas
of the ring drive 46 and the ring spacer 47.

[0092] An outer peripheral wall 47a of a ring shape is
formed at the outer diameter part of the ring spacer 47.
This outer peripheral wall 47a of a ring shape is extended
toward the motor side (toward the right side in FIG. 4)
along the axial direction from the facing-wall area. It is
so formed that the inner diameter of the outer peripheral
wall 47ais larger than the outer diameter of the ring drive
46 in order to form the gap B-1 in the diameter direction
(see FIG. 4) between the inner periphery of the outer
peripheral wall 47a and the outer periphery of the ring
drive 46. As clearly shown in FIG. 4, the gap A-1 in the
axial direction and the gap B-1 in the diameter direction
are connected (or communicated) in a character "L"
shape. That is, the gap A-1 and the gap B-1 also make
a passage through which the grease and air flow out to
the outside of the shock absorbing unit 9.

[0093] Eachofthe gaps A and A-1in the axial direction
has a length necessary to assemble the sealing ring 42
into the circumferential groove 44 formed in the surface
of the output shaft 6 and further to assemble the pinion
stopper 43 through the sealing ring 42 to the output shaft
6.

[0094] Furthermore, each of the gaps B and B-1 is
formed to be smaller in length than each of the gap A
and A-1. Preferably, those gaps A, A-1, B, and B-1 are
formed as small as possible to be free from contacting
to each other when the ring drives 45 and 46 and the ring
spacer 47 relatively rotate.

[0095] Next, a description will now be given of the op-
eration of the starter 1 according to the first embodiment
of the present invention.

[0096] When the electromagnetic relay 3 electrically
closes the main contact of the motor circuit in the motor
2 of the starter 1, the electric power is supplied from the
battery to the armature 2a in the motor 2. The armature
2a thereby starts to rotate. The rotation speed of the ar-
mature 2a is reduced by the reduction device 5. The re-
duced rotation is transmitted to the output shaft 6. The
reduced rotation is transmitted to the pinion gear 8 from
the output shaft 6 through the shock absorbing unit 9.
The rotation of the pinion gear 8 is transmitted to the ring
gear 41 so as to crank the internal combustion engine
(not shown).
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[0097] When the rotation speed of the internal com-
bustion engine exceeds the rotation speed of the starter
1 after the internal combustion engine starts to rotate,
the one-way clutch (not shown) assembled into the ring
gear 41 starts to race. Because this interrupts the trans-
mission of the torque between the crank shaft of the in-
ternal combustion engine and the ring gear 41, the rota-
tion of the internal combustion engine is not transmitted
to the pinion gear 8. This prevents the armature 2a of the
motor 2 in the starter 1 from being overrun.

[0098] By the way, when an internal combustion en-
gine causes a reverse rotation by a fluctuation of a crank
shaft caused when the internal combustion engine stops,
or by running a vehicle in reverse on an uphill slope when
the internal combustion engine stops, a one-way clutch
incorporated in a ring gear 41 is connected to a pinion
gear. In a starter having the structure in which the pinion
gear is always engaged with the ring gear, the reversing
rotation of the internal combustion engine is transmitted
to the pinion gear through the ring gear.

[0099] On the other hand, because the starter 1 ac-
cording to the first embodiment has the back stop clutch
4 (or the one-way clutch) capable of preventing the ar-
mature 2a from reversely rotating, itis possible to prevent
the armature 2a from being in a reverse rotation even if
the reverse rotation of the internal combustion engine is
transmitted to the starter 1.

[0100] The shock absorbing unit 9 is capable of ab-
sorbing a shock which is generated when the ring gear
41 attacks the pinion gear 8 during the cranking or when
the internal combustion engine (not shown) reversely ro-
tates, for example.

[0101] When receiving such a shock, the ring drive 45
and the ring drive 46 placed in the shock absorbing unit
9 relatively rotate through the ring spacer 47, and the
elastic members 48 are bent (namely, are compresses
and deformed) toward the circumferential direction of the
starter 1.

[0102] The torque limiter is capable of interrupting the
transmission of an excessive shock by sliding the rotary
disk 37 toward the direction against a friction when such
an excessive shock, which could not be absorbed by the
shock absorbing unit 9, is applied to the output shaft 6,
where the excessive shock exceeds a predetermined
torque which is set in advance (or a sliding torque of the
rotary disk 37) in the torque limiter.

[0103] Because the presence of the shock absorbing
unit 9 in the starter 1 avoids the starter 1 from directly
receiving an excessive shock transmitted through the
torque transmission path, it is possible to avoid the starter
1 from a damage which would be caused by receiving
an excessive shock transmitted from the internal com-
bustion engine side.

(Effects of the starter 1 with the shock absorbing unit 9
according to the first embodiment)

[0104] The shock absorbing unit 9 assembled in the
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starter 1 according to the first embodiment of the present
invention starts to rotate when the output shaft 6 rotates
by receiving the rotational power of the motor 2. Accord-
ingly, the grease applied in the inside of the shock ab-
sorbing unit 9 tends to move toward the outer periphery
of the shock absorbing unit 9 by centrifugal force when
the shock absorbing unit 9 rotates in synchronization with
the output shaft 6.

[0105] Onthe other hand, the gaps Aand B are formed
in a character "L" shape between the outer periphery of
the ring drive 45 and the outer periphery of the ring spacer
47. The gaps A-1 and B-1 are formed in a character "L"
shape between the outer periphery of the ring spacer 47
and the outer periphery of the ring drive 46, respectively,
it is possible to prevent the grease from flowing out to
the outside of the shock absorbing unit 9.

[0106] Specifically, even if the grease flows out from
the damper spaces S to the gaps A and A-1 in the axial
direction by a centrifugal force, because the outer pe-
ripheral wall 47a covers the outside in the diameter di-
rection of the gaps A and A-1 measured in the axial di-
rection, it is possible to prevent the grease from being
scattered to the outside of the shock absorbing unit 9
through the gaps A and A-1. Still further, because the
shock absorbing unit 9 has the structure in which each
gap B (or B-1) measured in the diameter direction is
smaller in length than each gap A (or A-1) measured in
the axial direction, the shock absorbing unit 9 has a high
ability of preventing the grease from being scattered to
the outside.

[0107] Asaresult, the structure of the shock absorbing
unit 9 can keep the grease applied to the inside of the
shock absorbing unit 9 for a long period of time. The
shock absorbing unit 9 incorporated in the starter 1 ac-
cording to the first embodiment provides a stable shock-
absorbing capability for a long period of time because
the elastic members 48 are smoothly bent according to
the relative rotation of the ring drive 45 and the ring drive
46 when receiving a shock transmitted from the internal
combustion engine side.

[0108] still further, the shock absorbing unit 9 assem-
bled in the starter 1 according to the first embodiment
has the gaps A and A-1 in the axial direction of the shock
absorbing unit 9 between the outer periphery of the ring
drive 45 and the outer periphery of the ring spacer 47
and between the outer periphery of the ring spacer 47
and the outer periphery of the ring drive 46, respectively.
Itis thereby possible to shift or bend the shock absorbing
unit 9 by the gaps A and A-1 by pushing the ring drive
45 toward the ring drive 46 side when the sealing ring 42
is fitted into the peripheral groove 45 formed in the output
shaft 6.

[0109] It is possible to perform the assembling step
(from the step of fitting the shock absorbing unit 9 and
the pinion gear 8 into the output shaft 6, to the step of
locking the pinion stopper 43 by the sealing ring 42) by
the same manner disclosed in the conventional tech-
nigue, for example, Japanese patent laid open publica-
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tion No. JP 2006-207573.
Second embodiment

[0110] A description will be given of the shock absorb-
ing unit 9 incorporated in the starter 1 according to a
second embodiment of the present invention with refer-
ence to FIG. 5.

[0111] FIG. 5 is a plan view of a ring spacer in the
shock absorbing unit incorporated in the starter accord-
ing to the second embodiment of the present invention.
FIG. 6 is a cross section of the ring spacer along C-C line
shown in FIG. 5.

[0112] Asshown in FIG. 5 and FIG. 6, a concave part
49 is formed in the inner wall surface of each damper
space S which is formed in the ring spacer 47-1. This
inner wall surface will be also referred to as the "sliding
surface".

[0113] Although the concave parts 49 are formed in
the ring spacer 47-1 in the second embodiment, it is pos-
sible to form one or more the concave parts 49 in the
sliding surface of at least one of the ring drive 45, the ring
drive 46, and the ring spacer 47-1. The second embod-
iment will describe the example in which the concave
parts 49 are formed only in the ring spacer 47-1

[0114] As shown in FIG. 5, each concave part 49 is
formed in a circular arc shape at the central part of the
sliding surface in the radial direction.

[0115] Itis so formed that the length of each concave
part 49 in the radial direction is not more than 1/2 times
of the length of the elastic member 48 in the radial direc-
tion.

[0116] The structure of the starter according to the sec-
ond embodiment makes it possible to hold the grease in
the concave part 49 formed in the sliding surface (or in
the inner wall surface) of each damper space S. Further,
because the sliding surface has a step shaped part, as
the outer periphery of the concave part 49, formed at the
outside in the diameter direction (or the radius direction)
ofthe shock absorbing unit9, the structure of the concave
part49 prevents the grease from moving toward the outer
periphery side when the centrifugal force is applied to
the grease after the shock absorbing unit 9 starts to ro-
tate. That is, it is possible to keep the grease in each
concave part 49 for a long period of time. As a result, it
is possible for the starter 1 to provide the stably shock-
absorbing capability for a long period of time because
the presence of the concave parts 49 in the shock ab-
sorbing unit 9 prevents the grease from being scattered
tothe outside of the shock absorbing unit 9 and the elastic
members 48 are smoothly bent according to the relative
rotation between the ring drive 45 and the ring drive 46
even if receiving the shock propagated from the internal
combustion engine side.

[0117] still further, because the concave part 49 is
formed at the central part in the diameter direction of the
sliding surface of each dumber space S and the length
of the concave part 49 in the diameter direction is within
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arange of not more than 1/2 times of the elastic member
48 in the diameter direction, there is no possibility of
hanging a part of the elastic member 48 on the corre-
sponding concave part 49, and thereby no possibility of
preventing the motion of the elastic member 48. That is,
the structure of the shock absorbing unit 9 in the starter
according to the second embodiment can adequately
keep the grease in each concave part 49 while maintain-
ing the sliding capability of each elastic member 48.
[0118] still further, because each concave part 49 has
a circular-arc shape along the peripheral direction of the
sliding surface, it is possible to effectively supply the
grease held in each concave part 49 to the area between
the sliding surface of the ring drives 45 and 46, the ring
spacer 47, and the elastic member 48. As a result, be-
cause the structure of the starter 1 can maintain the slid-
ing capability of the elastic members 48 and has an im-
proved capability of keeping the grease in the cases 45,
46, and 47 even if the shock absorbing unit 9 receives
the shock propagated from the internal combustion en-
gine side, it is possible to provide the starter 1 equipped
with the shock absorbing unit 9 with the stable shock-
absorbing capability for a long period of time.

[0119] The presentinvention is notlimited by the struc-
ture of the starter according to the second embodiment
shown in FIG. 5 and FIG. 6. For example, it is possible
to combine the structure of the starter according to the
first embodiment with the structure of the starter accord-
ing to the second embodiment. This combination com-
pletely suppresses the grease from flowing out or being
scattered to the outside of the shock absorbing unit 9.

(Modification)

[0120] The concept of the present invention is not lim-
ited by the first and second embodiments aforemen-
tioned above.

[0121] Inthe shock absorbing unit 9 assembled in the
starter 1 according to the first embodiment, the ring spac-
er 47 is placed between the ring drive 45 and the ring
drive 46, and the six elastic members 48 are placed in
double stages in series through the ring spacer 47. It is
also possible to add one or more additional ring spacers
andto place the elastic members 48 in not less than three
stages in the ring spacers in series.

[0122] Inthe structure of the shock absorbing unit 9 in
the starter 1 according to each of the first and second
embodiment prescribed above, itis also possible to place
the elastic members 48 between the ring drive 45 and
the ring drive 46 without using the ring spacer 47. In this
structure, the gap A in the axial direction and the gap B
in the diameter direction are formed between the outer
periphery of the ring drive 45 and the outer periphery of
the ring drive 46. This structure further has the concave
parts 49 formed in the surface of the ring drive 45 and
the ring drive 46 in this structure.

[0123] The first embodiment of the present invention
shows the structure in which the gap A and the gap B
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(also the gap A-1 and the gap B-1) are formed in a char-
acter "L" shape. The present invention is not limited by
this, it is possible to alternately form the gaps A (A-1) in
the axial direction and the gaps B (B-1) in the diameter
direction (also the gap A-1 and the gap B-1) in alabyrinth
structure.

[0124] The starter 1 according to the first embodiment
has the structure in which the pinion gear 8 is always
engaged with the ring gear 41. The present invention is
not limited by this structure. For example, the concept of
the present invention is applied to various types of the
starters, for example, to a starter in which the pinion gear
is pushed toward the opposite direction of the motor in
order to engage the pinion gear with the ring gear 41
when an internal combustion engine starts to operate,
and the pinion gear 8 is separated from the ring gear 41
after completion of the start of the internal combustion
engine.

[0125] While specific embodiments of the present in-
vention have been described in detall, it will be appreci-
ated by those skilled in the art that various modifications
and alternatives to those details could be developed in
light of the overall teachings of the disclosure. Accord-
ingly, the particular arrangements disclosed are meant
to be illustrative only and not limited to the scope of the
present invention which is to be given the full breadth of
the following claims and all equivalent thereof.

Claims
1. A starter (1) comprising:

a motor (2) generating a rotation power;

an output shaft (6) rotating when receiving the
rotation power transmitted from the motor (2);
a pinion gear (8) which is rotatably placed on an
outer periphery of the output shaft (6) through a
bearing (7) and transmits the rotation power
generated by the motor (2) to a ring gear for an
internal combustion engine; and

a shock absorbing unit (9), placed on the outer
periphery of the output shaft (6), capable of re-
ducing a shock applied from the internal com-
bustion engine through the pinion gear (8) by
compressing and deforming elastic members
(48), and

the shock absorbing unit (9) comprising:

a primary case (45) engaged with the pinion
gear (8);

a secondary case (46) engaged with the
output shaft (6); and

the elastic members (48) placed between
the primary case (45) and the secondary
case (46), wherein the primary case (45)
and the secondary case (46) are rotatably
placed through the elastic members (48),
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wherein gaps (A, A-1) in an axial direction
of the shock absorbing unit (9) and gaps (B,
B-1) in a diameter direction of the shock ab-
sorbing unit (9) are formed between an out-
er periphery of the primary case (45) and
an outer periphery of the secondary case
(46).

The starter (1) as claimed in claim 1, wherein the
shock absorbing unit (9) further comprises at least
one intermediate case (47) which is placed between
the primary case (45) and the secondary case (46),
and

the elastic members (48) are assembled in multiple
stages in series between the primary case (45) and
the secondary case (46) through the intermediate
case (47), and

the primary case (45) and the intermediate case (47)
arerelatively and rotatably placed through the elastic
members (48), and the intermediate case (47) and
the secondary case (46) are relatively and rotatably
placed through the elastic members (48), and

the gaps (A, A-1) in the axial direction are formed
between the outer periphery of the primary case (45)
and an outer periphery of the intermediate case (47),
and the gaps (B, B-1) in the diameter direction are
formed between the outer periphery of the interme-
diate case (47) and the outer periphery of the sec-
ondary case (46).

The starter (1) as claimed in claim 1 or 2, wherein
the gaps (A, A-1) in the axial direction and the gaps
(B, B-1) in the diameter direction are alternately
formed in a labyrinth structure.

The starter (1) as claimed in any one of claims 1 to
3, wherein it is so formed that the gaps (B and B-1)
in the diameter direction are narrower than the gaps
(A and A-1).

A starter (1) comprising:

a motor (2) generating a rotation power;

an output shaft (6) rotating when receiving the
rotation power transmitted from the motor (2);
a pinion gear (8) which is rotatably placed on an
outer periphery of the output shaft (6) through a
bearing (7) and transmits the rotation power
generated by the motor (2) to a ring gear for an
internal combustion engine; and

a shock absorbing unit (9), placed on the outer
periphery of the output shaft (6), capable of re-
ducing a shock applied from the internal com-
bustion engine through the pinion gear (8) by
compressing and deforming an elastic members
(48), the shock absorbing unit (9) comprising:

aprimary case (45) engaged with the pinion
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gear (8);

a secondary case (46) engaged with the
output shaft (6); and

the elastic members (48) placed between
the primary case (45) and the secondary
case (46),

wherein the primary case (45) and the sec-
ondary case (46) are rotatably placed
through the elastic members (48), wherein
a concave part (49) is formed in a sliding
surface of at least one of the primary case
(45) and the secondary case (46) where the
elastic members (48) slide and are bent.

The starter (1) as claimed in claim 5, wherein the
shock absorbing unit (9) further comprises at least
one intermediate case (47) which is placed between
the primary case (45) and the secondary case (46),
and

the elastic members (48) are assembled in multiple
stages in series between the primary case (45) and
the secondary case (46) through the intermediate
case (47), and

the primary case (45) and the intermediate case (47)
are relatively and rotatably placed through the elastic
members (48), and the intermediate case (47) and
the secondary case (46) are relatively and rotatably
placed through the elastic members (48), and

the concave part (49) is formed in a sliding surface
of at least one of the primary case (45) and the in-
termediate case (47) where the elastic members (48)
slide and are bent, and

the concave part (49) is further formed in sliding sur-
face of at least one of the intermediate case (47) and
the secondary case (46) where the elastic members
(48) slide and are bent.

The starter (1) as claimed in claim 5, wherein a gap
(A, A-1) in an axial direction and a gap (B, B-1) ina
diameter direction are formed between an outer pe-
riphery of the primary case (45) and an outer periph-
ery of the secondary case (46) so that the gap (A,
A-1) is connected to the gap (B, B-1).

The starter (1) as claimed in claim 6, wherein a gap
(A) inthe axial direction and a gap (B) in the diameter
direction are formed between an outer periphery of
the primary case (45) and an outer periphery of the
intermediate case (47), and a gap (A-1) in the axial
direction and a gap (B-1) in the diameter direction
are formed between the outer periphery of the inter-
mediate case (47) and an outer periphery of the sec-
ondary case (46), and the gap (A) in the axial direc-
tion is connected to the gap (B) in the diameter di-
rection, and the gap (A-1) in the axial direction is
connected to the gap (B-1) in the diameter direction.

The starter (1) as claimed in any one of claims 5 to
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8, wherein each concave part is formed with a circu-
lar arc shape in acentral partinthe diameter direction
of the sliding surface along the circumferential direc-
tion of the primary, secondary, and intermediate cas-
es (45, 46, 47).

The starter (1) as claimed in any one of claims 5 to
9, wherein a length of each concave part in the di-
ameter direction is notmore than 1/2times of alength
of each elastic member in the diameter direction.

The starter (1) as claimed in any one of claims 5 to
10, wherein the pinion gear (8) is always engaged
with the ring gear of the internal combustion engine.

The starter (1) as claimed in claim 11, wherein the
starter (1) is used in an engine automatic stopping/
restarting system capable of controlling stopping and
restarting the internal combustion engine.
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FIG. 6
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