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@ Intermediate gear type starter motor.

@ An intermediate gear type starter motor of the
present invention comprises an electric motor (31)
with an armature rotary shaft (33), an overrunning
clutch (50) to which rotation of the rotary shaft (33) is
transmitted directly or through a speed reducing
mechanism (40), an intermediate gear (67) and a
shift coupler (68). The overrunning clutch (50) rotat-
ing a pinion (53) in one way which is provided at the
front end of the overrunning clutch (50) and is
moved axially by a shift lever (20) which is operated
by an electromagnetic switch (36). The intermediate
gear (67) is rotatably and axially movably mounted
on a supporting shaft (65) arranged in parallel with
the axis of the rotary shaft (33). The intermediate
gear (67) is in engagement with the pinion (53) and
is moved forwardly to engage with the ring gear (30)
of an internal combustion engine. The shift coupler

(68) of the present invention includes an annular
portion (68a) which is loosely mounted on the rear
end portion of the cluich outer of the overrunning
clutch (50) in such a manner that the axial move-
ment thereof is limited, and an engaging portion
(68b) extended radially of the annular portion (68a).
The engaging portion (68b) is engaged with the boss
of the intermediate gear (67) over at least a half of
the outer periphery thereof and limited in axial
movement.

When the swing of the shift lever (20) is transmitted
axially to the annular portion (68a) or the boss of the
intermediate gear (67), the overrunning clutch (50}
and the intermediate gear (67) are moved axially
being operated through the shift coupler (68). There-
fore, the smooth axial movement of the intermeidate
gear (67) can be achieved.
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Background _o_f ’EPE Invention

Field of the Industrial Application

This invention relates to a starter motor with an
intermediate gear (hersinafter referred fo as "an
intermediate gear type starter motor”, when ap-
plicable) the rotation of which is transmitted
through the overrunning clutch and the intermedi-
ate gear to the ring gear of an engine, thereby to
start the latter.

Description of the Prior Art

Fig. 1 is a sectional view showing essential
components of a conventional intermediate gear
type starter motor which has been disclosed, for
instance, by Japanese Utility Model Application
(OPIl) No. 84369/1983 (the term "OPI" as used
herein means an "unexamined published applica-
tion). In Fig. 1, reference numeral 1 designates a
DC motor, in which an armature rotary shaft 3 is
extended forwardly (to the right in Fig. 1) from its
armature 2; and 5, a front bracket to which the DC
motor 1 is coupled, the front bracket 5 supporting
the front end portion of the rotary shaft 3 through a
sleeve bearing 6.

Further in Fig. 1, reference numeral 7 des-
ignates an overrunning cluich which is slidably
mounted on the rotary shaft 3. The overrunning
clutch 7 is designed as follows: Reference numeral
8 designates a clutch outer which is engaged with
the helical spline gear 4 formed on the rotary shaft
3 so as to be rotated thereby. Reference numeral 9
designates a clutch inner which transmits rotation
through rollers 10 to the cluich outer 8 in one way.
The cluich inner 9 is mounted on the rotary shaft 3
through a sleeve bearing 17. A pinion 11 is formed
in the front end portion of the clutch inner 9.
Reference numeral 12 designates a cluich cover
which is secured through a stiffening plate 12 to
the cluich outer 8 by staking; 14, a locking ring
secured to the cluich outer 8, thus defining an
engaging groove 15 with a step of the clutch outer
8; and 18, an eccentricity regulating ring secured to
the inner cylindrical wall of the cluich outer.

Further in Fig. 1, reference numeral 20 des-
ignates a shift lever which has a forked end portion
engaged with the engaging groove 15, and an
fulcrum portion at the middle which is supported by
a supporting plate 21. The supporting plate 21 is
supported through a cushioning spring 23 on a
grommet 22 secured to the yoke of the motor 1.
The other end portion of the shift lever 20 is
coupled to the end portion of the plunger (not
shown) of an electromagnetic switch mounted on
the motor 1, so that the shift lever 20 is turned
about its fulcrum portion.
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Reference numeral 24 denotes a supporting
shaft secured fixedly to the front bracket 5 in such
a manner that it is in parallel with the rotary shaft 3;
26, a grommet; 26, an intermediate gear mounted
on the supporting shaft 24 through a sleeve bear-
ing 28 secured to the inner cylindrical wall of the
intermediate gear, the intermediate gear 26 having
a boss 28a in the outer cylindrical wall of which an
annular groove 27 is formed; and 29, a shift ring
secured to the outer cylindrical wall of the clutch
cover 12. The shift ring 29 has an annular proiru-
sion (flange} 29a radially extended, which is en-
gaged with the annular groove 27.

The annular protrusion 29a of the shift ring 29
is engaged with the annular groove 27 of the inter-
mediate gear 26 as shown in Fig. 2.

The operation of the conventional starter motor
thus constructed will be described.

When the exciting coil of the electromagnetic
switch {not shown) is energized, the plunger is
attracted so as to turn the shift lever 20 coun-
terclockwise. As a result, the overrunning cluich 7
is moved forwardly (in the direction of the arrow A)
until it strikes against a stopper 18 provided on the
rotary shaft. As the overrunning clutch 7 is moved
in this way, the intermediate gear 26 is moved on
the supporting shaft 24 with the aid of the shift ring
29, thus engaging with the ring gear 30 of the
internal combustion engine. Thereafter, the station-
ary contact means in the electromagnetic switch is
closed, so that current flows in the circuit of the DG
motor, whereby the armature 2 is rotated, and the
rotation of the rotary shaft 3 is transmitted through
the overrunning clutch 7, the pinion 11 and the
intermediate gear 16 to the ring gear of the internal
combustion engine, to start the latter.

In the conventional starter motor described
above, the engagement, in the axial direction, of
the annular protrusion 29a of the shift ring 29 with
the annular groove 27 of the intermediate gear 26
is limited in width; that is, the engagement is effec-
ted only in the upper portion of the annular groove
27. Hence, when the overrunning cluich is moved,
the moment acts on the intermediate gear, thus
obstructing the smooth axial movement of the inter-
mediate gear. Furthermore, since the engagement
area of the annular protrusion 29a and the annuiar
groove 27 is small, the force of movement is not
positively transmitted, the annuiar protrusion 29a
and the annular groove 27 are liable to be worn
greatly, thus being short in service life.

Summary of the Invention

Accordingly, an object of the invention is to
eliminate the above-described difficulties accom-
panying a conventional intermediate gear type
starter motor. More specifically, an object of the
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invention is to provide an intermediate gear type
starter motor in which the intermediate gear can be
smoothly moved in the direction of axis, and the
engaging portions of the shift coupler and the inter-
mediate gear are reduced in the amount of wear,
whereby not only the service life but also the
reliability is improved. Further, an object of the
invention is to provide an intermediate gear type
starter motor in which the overrunning clutch can
be used without welding it to a certain component,
the axial movement of the intermediate gear is
smooth, and after the starter motor has been as-
sembled, the intermediate gear assembly can be
readily combined therewith.

In an intermediate gear type starter motor ac-
cording to the invention, a shift coupler is inter-
posed between the clutch outer of the overrunning
clutch and the boss of the intermediate gear to
achieve the axial movement of the overrunning
clutch and the intermediate gear in an interlock
mode. The shift coupler is designed as follows:

In an intermediate gear type starter motor ac-
cording to a first aspect of the present invention,
the shift coupler has an annular portion which is
loosely mounted on the rear end portion of the
cluich outer in such a manner that its axial move-
ment is limited. The shift coupler further has an
engaging portion which is extended radially of the
annular portion. The engaging portion is engaged
with the boss of the intermediate gear at least a
half of the outer periphery thereof and limited in
axial movement. The end portions of the iwo
prongs of the shift lever are engaged with the
annular portion or the boss of the intermediate gear
axially so as to apply the force of movement there-
to. .

In the intermediate gear type starter motor
according to a second aspect of the present inven-
tion, the shift coupler is formed by stamping a
metal plate.

In the intermediate gear type starter motor
according to a third aspect of the present invention,
the shift coupler is made up of an annular member
and an engaging member which are separately
provided. The annular member is loosely mounted
on the rear end portion of the clutch outer with the
axial movement thereof limited. The annular mem-
ber has engaging means through which the annular
member is engaged with the end portions of two
prongs of the shift lever so that it is moved by the
shift lever. The engaging member is loosely moun-
ted on the rear end portion of the cluich outer in
such a manner that the engaging member is lo-
cated between the annular member and the step of
the rear end portion of the clufch outer, thus being
limited in axial movement. The engaging member
includes an engaging portion extended radially
which is engaged with at least a half of an annular
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groove formed in the outer cylindrical surface of
the boss of the intermediate gear with the axial
movement limited.

in the intermediate gear type starter motor
according to a fourth aspect of the present inven-
tion, the shift coupler comprises an annular mem-
ber and an engaging member which are provided
separately. The annular member is loosely moun-
ted on the rear end portion of the clutch outer with
the axial movement limited. The annular member is
engaged with the end portions of the two prongs of
the shift lever through engaging means so that it is
moved by the shift lever. The annular member has
a coupling portion extended radially and has an
arcuate engaging groove coaxial with the intermedi-
ate gear. The engaging member is in the form of a
disk which is secured to the boss of the intermedi-
ate gear, in such a manner that its outer peripheral
portion is engaged with the engaging groove with
the axial movement limited.

In an intermediate gear type starter motor ac-
cording to a fifth aspect of the invention, the boss
of a shift coupler is mounted on the boss of the
intermediate gear in such a manner it is movable
circumferentially but not movable axially, and the
rear end portion of an arm extended from the boss
of the shift coupler is formed into an arcuate en-
gaging portion. The arcuate engaging portion is
inserted into an engaging groove formed in the
overrunning clutch with the axial movement limited.

In the intermediate gear type starter motor
according to the first aspect of the present inven-
tion, the engaging portion extended from the an-
nular portion is engaged with the boss of the inter-
mediate gear at least a half of the outer periphery
thereof with the axial movement limited. Hence, the
intermediate gear can be moved smoothly, and the
area of engagement of the engaging portion and
the intermediate gear is increased, whereby the
amount of wear is decreased, and the service life is
increased accordingly.

In the intermediate gear type starier motor
according to the second aspect of the present
invention, the shift coupler is formed by stamping a
metal plate; that is, it can be manufactured with
ease. In engaging the engaging portion with the
annular groove formed in the boss of the intermedi-
ate gear, the engaging portion is increased in in-
side diameter by bending its inner peripheral por-
tion, and the engaging portion thus treated is en-
gaged with the annular groove by restoring the
inside diameter. Therefore, the axial movement of
the engaging portion can be limited without use of
a retaining ring.

In the intermediate gear type starter motor
according to the third aspect of the present inven-
tion, the engaging portion is extended from the
engaging member which is fitted between the an-
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nular member mounted on the rear end portion of
the clutch outer and the step of the latter, and the
engaging portion thus extended is engaged with
the annular groove formed in the boss of the inter-
mediate gear. In this case also, the axial movement
of the engaging member is limited merely by in-
serting it into the annular groove; that is, it is
unnecessary o use a retaining ring etc.

in the intermediate gear type starter motor
according to the fourth aspect of the present inven-
tion, the engaging groove is formed in the coupling
portion extended from the annular member which
is mounted on the rear end portion of the clutch
outer, and the disk-shaped engaging member
mounted on the boss of the intermediate gear is
engaged with the engaging groove with its axial
movement limited. Hence, the shift coupler is sim-
ple in construction, and the intermediate gear can
be moved smoothly.

In the intermediate gear type starter motor
according to the fifth aspect of the present inven-
tion, the boss of the shift coupler is mounted on
the boss of the intermediate gear in such a manner
as to surround the whole outer cylindrical surface
of the boss of the intermediate gear, and the
smooth axial movement of the intermediate gear is
permitted. The shift coupler is engaged with the
engaging groove of the overrunning clutch through
its arcuate engaging portion, thus providing a large
engaging area. Therefore, the shift coupler can
achieve its moving and coupling operation with
high reliability. With the overrunning cluich set at
the forward position, the intermediate gear assem-
bly can be built in the start motor in the final step
of the assembling work with ease.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a front view, with parts cut away,
showing essential components in a part of a
conventional intermediate gear type starter mo-
tor;

Fig. 2 is a side view showing the engagement of
a shift ring with an intermediate gear in Fig. 1;
Fig. 3 is a front view, with parts cut away,
showing essential components of an intermedi-
ate gear type starter motor which constitutes a
first embodiment of this invention;

Fig. 4 is a sectional view showing a shift coupler
engaged with a clutch outer in Fig. 3;

Fig. 5 is a side view of the shift coupler shown
in Fig. 3;

Fig. 6 is a side view of a shift coupler in a
second embodiment of the invention;

Fig. 7 is a front view, with parts cut away,
showing the coupling of an overrunning cluich to
an intermediate gear through a shift coupler in a
third embodiment of the invention;

10

15

20

25

30

35

40

45

50

55

Figs. 8 and 9 are a front view and a side view of

the shift coupler shown in Fig. 7;

Fig. 10 is a sectional view showing the engage-

ment of the shift coupler with an clutch outer;

Fig. 11 is a front view for a description of a

method of engaging a shift coupler with an

annular groove formed in the boss of an inter-

mediate gear in a fourth embodiment of the

invention;

Fig. 12 is a side view showing a shift coupler in

a fifth embodiment of the invention;

Figs. 13 and 14 are a front view and a side view,

respectively, showing a shift coupler in a sixth

embodiment of the invention;

Fig. 15 is a front view, with parts cut away,

showing essential componenis of an intermedi-

ate gear type starter motor which constitutes a
- seventh embodiment of the invention;

Fig. 16 is a side view of a shift coupler shown in

Fig. 15;

Fig. 17 is a front view, with part cut away,

showing essential components in a part of an

intermediate gear type starter motor which con-

stitutes an eighth embodiment of the invention;

Fig. 18 is a side view of a shift coupler shown in

Fig. 17;

Fig. 19 is a front view, with parts cut away,

showing essential components in a part of an

intermediate gear type starter motor which con-

stitutes a ninth embodiment of the invention;

Fig. 20 is a side view of a shift coupler shown in

Fig. 19; :

Fig. 21 is a front view, with part cut away,

showing essential components of a part of an

intermediate gear type starter motor according

to this invention;

Fig. 22 is a sectional view of an overrunning

clutch shown in Fig. 21;

Fig. 23 is a front view of a shift coupler shown in

Fig. 21; and

Fig. 24 is a side view of the shift coupler as

viewed in the direction of the arrow B in Fig. 23.

Detailed Description of The Preferred Embodiment

A preferred embodiments of the present inven-
tion will now be described with reference to the
drawings.

Fig. 3 is a front view, partly as a sectional view,
showing essential components of an intermediate
type starter motor which constitutes a first embodi-
ment of this invention. In the case of Fig. 3, an
overrunning clutch is coupled to a DC motor
through a planetary gear type speed reducer. In
Fig. 3, reference numeral 31 designates a DC
motor in which an armature rotary shaft 33 is
extended from its armature 32. The front end por-
tion of the rotary shaft 33 is formed into a sun gear
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43 which is a pinion. Reference numeral 35 des-
ignates a front bracket which is coupled to the
yoke of the DC motor 31.

A reference numeral 36 designates an elec-
fromagnetic switch 36 mounted on the front bracket
35. The electromagnetic switch 36 has a plunger
37 whose front end portion is coupled to one end
portion of a shift lever 20, so that the latter 20 is
furned about its fulcrum portion located at the
middle. Reference numeral 38 designates a grom-
met of rubber which is fitted in the front bracket 35
fo support the fulcrum portion of the shift lever 20.

Reference numeral 40 designates a planetary
gear type speed reducer which is designed as
follows: Reference numeral 41 designates an inter-
nal gear frame secured fixedly to the front bracket
35. An internal gear 42 is formed in the inner
cylindrical wall of the internal gear frame 41. Plan-
etary gears 44 are mounted on support pins 48
through bearings {not shown) which pins are fixedly
embedded in a flange 47 formed on a relay shaft
46. Hence, the relay shaft 46 is rotated at lower
speed as the planetary gears 44 revolve.

The rear end portion of the relay shaft 46 is
supported through a bearing 49 by the internal
gear frame 41, while the front end portion is sup-
ported through a sieeve bearing 5 by the front
bracket 35. A helical spline gear 46a is formed in
the middle portion of the relay shaft 46 as shown in
Fig. 4.

Further in Fig. 3, reference numeral 50 des-
ignates an overrunning cluich mounted on the relay
shaft 46. The over running cluich 50 is designed as
shown in Fig. 4. In Fig. 4, reference numeral 51
designates a cluich outer which is engaged with
the helical spline gear 46 of the relay shaft 46 so
that the speed- reduced rotation of the latter 46 is
transmitted to the clutch outer 51; and 52, a cluich
inner which transmits rotation through rollers 10 to
the clutch outer 51 in one way. The clutch inner 52
is mounted on the relay shaft 46 through a slesve
bearing 17 in such a manner that it is movable in
an axial direction. The front end portion of the
clutch inner 52 is formed into a pinion 53, which
can be moved forwardly until it is detained by a
stopper 18. A clutch cover 12 is fixedly secured to
the cluich outer 51 through a stiffening plate 13 by
staking.

As shown in Fig. 4, the front end portion of the
armature rotary shaft 33 is rotatably held through a
bearing 60 in a supporting hole formed in the rear
end portion of the relay shaft 46, with a steel ball
61 held between the front end face of the armature
rotary shaft 33 and the bottom of the supporting
hole.

Referring back to Fig. 3, reference numeral 65
designates a supporting shaft secured to the front
bracket 35 in such a manner that it is in parallel
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with the relay shaft 46, the supporting shaft 65
having a retaining ring 66 so that it may not come
off the bracket; 67, an intermediate gear which is
rotatably and slidably mounted on the supporting
shaft 65 through a sleeve bearing (not shown)
secured to the inner cylindrical wall thereof. The
rotation is transmitted to the intermediate gear
through the pinion 53. Reference numeral 68 des-
ignates a shift coupler interposed between the
clutch outer 51 and the boss 67a of the intermedi-
ate gear 67. The shift coupler 68 is made of a
synthetic resin material high in mechanical
strength. The shift coupler 68 has an annular por-
tion 68a which is loosely mounted on the rear end
portion of the clutch outer 51 so as to allow the
latter 51 to freely rotate. As shown in Fig. 4, a
retaining ring 55 is mounted on the rear end por-
tion of the clutch outer so that the shift coupler is
engaged with the clutch outer in the direction of
axis. As shown in Fig. 3, an engaging portion 68b,
which is radially extended from the annular portion
68a, is loosely mounted on the boss 67a of the
intermediate gear 67 in such a manner that it will
not disturb the rotation of the intermediate gear 67.
However, it should be noted that the engaging
portion 68b is engaged with the intermediate gear
in the direction of axis.

As shown in Fig. 5, a pair of protrusions 68c
extended from the outer cylindrical surface of the
annular portion 68a are engaged with engaging
holes 20a formed in the end portions of the two
prongs of the shift lever 20.

When the shift lever 20 is turned, the overrun-
ning clutch 50 is moved in the direction of axis with
the aid of the shift coupler 68, and simultaneously
the intermediate gear 67 is moved. In this case,
since the engaging portion 68b of the shift coupler
68 is engaged with the boss 67a of the intermedi-
ate gear 67, no moment acts on the intermediate
gear 67, and accordingly the latter 67 is moved
smoothly.

When the electromagnetic switch 36 is en-
ergized, the shift lever 20 is turned counterclock-
wise, so that the overrunning cluich 50 and the
intermediate gear 67 are moved forwardly (in the
direction of the arrow A) through the shift coupler
68; that is, the intermediate gear 57 is engaged
with the ring gear 30 of the engine. At the same
time, the stationary contact means of the elec-
tromagnetic swiich is closed to energize the circuit
of the starter motor 31 thereby to rotate the ar-
mature 32. The rotation of the armature 32 is
fransmitted to the relay shaft 46 with the speed
reduced by the planetary gear type speed reducer
40, so that the ring gear 30 is rotated through the
overrunning cluich 50 and the intermediate gear
67, thus starting the internal combustion engine.

Fig. 6 is a side view of a shift coupler 70 in a
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second embodiment of the invention. The shift cou-
pler 70 is different from the above-described shift
coupler 68 shown in Fig. 5 only in its engaging
portion 70b. That is, the engaging portion 70b is
engaged with the boss 67a of the intermediate gear
67 in such a manner that it covers half of the outer
cylindrical surface of the boss 67a, allowing the
rotation of the latter 67a. A retfaining ring 69 is
mounted on the boss to limit the axial movement of
the engaging portion 70b. Alternatively, an annular
groove may be formed in the boss 67b so that the
engaging portion 70b is engaged with the boss
through the annular groove thus formed.

The above-described structure facilitates the
assembling of the engaging portion 78b of the shift
coupler 70 and the boss 67, and prevents the
difficulty that the intermediate gear is free from
moment when moved in the axial direction.

Fig. 7 is a front view, with parts of the overrun-
ning clutch and the intermediate gear in section, of
a shift coupler in a third embodiment of the inven-
tion. In the third embodiment, the shift coupler 71
is interposed between the overrunning clutch 50
and the intermediate gear 67.

As shown in Figs. 8 and 9, the shift coupler 71
is formed by stamping metal plate in such manner
it comprises an annular portion 71a and an engag-
ing portion 71b extended radially of the annular
portion 71a. The annular portion 71a includes a
flange 71c.

As shown in Fig. 10, the annular portion 71a of
the shift coupler 71 is loosely mounted on the rear
end portion of the clutch outer 51, allowing the
rotation of the clutch outer. The axial movement of
the annular portion 71a is limited by a retaining
ring 55 mounted on the rear end portion of the
clutch outer 51. The flange 71c of the annular
portion 71a, and the step of the cluich outer 51
form an engaging groove 71d with which the end
portions of the two prongs of the shift lever 20 are
engaged.

Referring back to Fig. 7, the engaging portion
71b of the shift coupler 71 is loosely engaged with
the annular groove 67b formed in the boss 67a of
the intermediate gear 67, allowing the rotation of
the boss 67. The axial movement of the engaging
portion 71 is limited by a retaining ring 69 mounted
on the boss 67a.

As the shift lever 20 is turned, the overrunning
clutch and the intermediate gear 67 are moved
axially through the shift coupler 71.

Fig. 11 is a front view, with essential portions in
section, showing a shift coupler in a fourth embodi-
ment. The inner peripheral portion of the engaging
portion 71b of the shift coupler 71 are bent axially
as indicated by the chain lines, thus increasing its
diameter. The engaging portion 71b thus pro-
cessed is mounted on the boss 67b of the boss
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67a of the intermediate gear 67 in such a manner
that it is positioned near the annular groove 67.
Under this condition, the inner peripheral portion
bent as described above is pushed in the direction
of the arrow C with a proper tool until it is loosely
fitted in the annular groove 67b.

Thus, the engaging portion 71b of the shift
coupler 71 permits the rotation of the boss 67, and
its axial movement is limited. In this case, it is
unnecessary to use a retaining ring to limit the
axial movement of the engaging portion 71b.

Fig. 12 is a side view of a shift coupler in a fifth
embodiment of the invention. A number of slits 71e
are formed in the inner peripheral portion of the
engaging portion 71b of the shift coupler 71. As the
engaging portion 71b is mounted on the boss 67a
of the intermediate gear 67 by pushing it, the inner
peripheral portion having the slits 71e is bent, and
upon arrival to the annular groove 67b (cf. Fig. 11)
it is restored flat, so that it is loosely engaged with
the annular groove 67b. in this case also, the boss
69a can rotate freely, and the axial movement of
the engaging portion is limited by the annular
groove.

Thus, the engaging portion is engaged with the
intermediate gear in the direction of axis with no
retaining ring.

Figs. 13 and 14 are a front view and a side
view, respectively, showing a shift coupler in a
sixth embodiment of the invention. The engaging
portion 71f of the shift coupler 71 is so designed in
length that it is engaged with a half of the annular
groove 67b formed in the boss 67a of the inter-
mediate gear 67. In this case also, the engaging
portion is engaged with the intermediate gear in the
direction of axis with no retaining ring.

Fig. 15 is a sectional view showing essential
components of an intermediate gear type starter
motor which constitutes a seventh embodiment of
the invention. In the embodiment, its shift coupler
71 is formed by molding a synthetic resin material
high in mechanical strength, comprising an annular
portion 72a, and an engaging portion 72b extended
radially of the annular portion 72a. Similarly as in
the case of Fig. 4, the annular portion 72a is
loosely mounted on the rear end portion of the
clutch outer 51, allowing the rotation of the latter
51, and the axial movement of the annular portion
72a is limited by a retaining ring 55 mounted on
the rear end portion of the clutch outer 51. Fig. 16
is a side view of the shift coupler 72.

Referring back to Fig. 15, reference numeral 73
designates a stiffening plate which is mounted on
the boss 67a of the intermediate gear, and abuts
against the inner end face of the engaging portion
72b of the shift coupler 72. The stiffening plate 73
and the step of the boss 67a define an engaging
groove 74.
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The electromagnetic switch 36 is mounted on
the front bracket 35 on the side of the intermediate
gear 67. The plunger 37 of the electromagnetic
switch 36 is coupled to one end portion of a shift
lever 20, the two prongs of the other end portion of
which are engaged with the engaging groove 74 of
the boss 67a.

As the shift lever 20 is turned, the intermediate
gear 67 is moved axially, and the overrunning
clutch 50 is moved in the same direction through
the shift coupler 72.

Fig. 17 is a front view, with parts in section,
showing essential components of an intermediate
gear type starter motor which constitutes an eighth
embodiment of the invention. In Fig. 17, reference
numerat 75 designates a shift coupler which com-
prises an annular member 76, and an engaging
member 77. The annular member 76 is made of a
synthetic resin material high in mechanical
strength, and similarly as in the case of Fig. 4, it is
loosely mounted on the rear end portion of the
clutch outer 51, and its axial movement is limited
by a retaining ring 55 mounted on the rear end
portion of the clutch outer. As shown in Fig. 18, the
annular member 76 has a pair of protrusions 76c,
which are engaged with two engaging holes 20a
formed in the end portions of the two prongs of the
shift lever 20, respectively. The engaging member
77 is made of a metal plate, and has a mounting
hole 77a with which the engaging member 77 is
loosely mounted on the rear end portion of the
clutch outer 51. The axial movement of the engag-
ing member 77 is limited by the step of the clutch
outer 51 and the annular member 76. The end
portion of the engaging member 77 is loosely en-
gaged with a half of the annular groove 67b formed
in the boss 67a of the intermediate gear 67, allow-
ing the rotation of the boss 67a, and being limited
in axial movement.

The shift coupler 75, comprising the annular
member 76 and the engaging member 77, is sim-
ple in construction, and accordingly it can be
mounted with ease.

Fig. 19 is a front view, with parts in section,
showing essential components of an intermediate
gear type starter motor which constitutes a ninth
embodiment of the invention. Fig. 20 is a side view
of a shift coupler in the ninth embodiment. The
shift coupler 78 comprises an annular member 79
of a synthetic resin high in mechanical strength,
and an engaging member 80 made of a metal
plate. Similarly as in the case of Fig. 4, the annular
member 79 is loosely mounted on the rear end
portion of the cluich outer 51, and its axial move-
ment is limited by a retaining ring 55. The annular
member 79 has a pair of protrusions 79c, which
are engaged with engaging holes 20a formed in the
end portions of the two prongs of the shift lever 20.
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A coupling portion 79a is extended radially of the
annular member 79, and has an arcuate engaging
groove which is coaxial with the boss 67a of the
intermediate gear. The engaging member 80 is in
the form of a disk. The engaging member 80 is
engaged with the annual groove 67b of the boss
67a, so that its axial movement is limited, while the
outer peripheral portion of the engaging member
80 is loosely engaged with the engaging groove,
thus providing a sufficiently large engaging area.

The engaging member 80 is engaged with the
engaging groove 67b with no retaining ring in the
same manner as in the case of Fig. 11.

In each of the above-described embodiments,
the planetary gear type speed reducer 40 is in-
cluded. However, it should be noted that the tech-
nical concept of the invention is applicable to an

“intermediate gear type starter motor in which, simi-

larly as in the prior art, the armature rotary shaft is
extended to the front end of the front bracket with
the planetary gear type speed reducer omitted.

Furthermore, in the above-described embodi-
ments, the shift couplers 68 and 70, and the an-
nular members 76 and 79 are made of synthetic
resin; however, they may be made of metal materi-
als high in mechanical strength and small in fric-
tional coefficient.

Fig. 21 is a front view, partly as a sectional
view, showing essential components of an inter-
mediate type starter motor which constituies a
tenth embodiment of this invention.

Reference numeral 54 designates an engaging
ring which is mounted on the clutch outer 51 and
secured with a retaining ring 55. The engaging ring
54 has an engaging ring portion 54a which defines
an engaging groove 56 with the step of the clutch
outer 51. The lower end portions of the two prongs
of the shiff lever 20 are engaged with the engaging
groove 56 thus defined.

The clutch oufer thus designed is used for a
starter motor which has no intermediate gear; how-
ever, it can be used for an intermediate gear type
starter motor according to the invention as it is.

Reference numeral 168 designates a shift cou-
pler which is loosely mounted on the boss of the
intermediate gear 67 and is held in place with a
retaining ring 169. The shift coupler 168 is made
up of a boss 168a, and an arm 168b extended
axially from the boss 168a. The arm 168b has an
arcuate engaging portion 168c at the end. The shift
coupler 168 is made of a synthetic resin material
high in mechanical strength; however, it may be
formed by using a metal material as the case may
be.

Fig. 23 is a front view of the shift coupler 168,
and Fig. 24 is a side view of the shift coupler as
viewed in the direction of the arrow B in Fig. 23.
The arcuate engaging portion 168c of the shift
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coupler 168 is inserted into the engaging groove 56
of the overrunning clutch 56 from below, thus con-
fronting with the ends of the two prongs of the shift
lever. In this case, the angle of engagement (8) of
the arcuate engaging portion is less than 180 de-
grees so that the arcuate engaging portion can be
readily inserted into the engaging groove 56 from
below. :

The assembly of the intermediate gear 67 and
the shift coupler 168 has an axial length L, which is
smaller than the length M of the opening of the
front bracket 35. When the overrunning clutch 50 is
moved forwardly, the engaging groove 56 appears
in the opening. Therefore, under this condition, the
assembly is inserted into the front bracket through
the opening, so that the arcuate engaging portion
of the shift coupler 168 is engaged with the engag-
ing groove 56. That is, the assembly can be built in
the starter motor in the final step of the assembling
work with ease.

The boss 168a of the shift coupler 168 is
mounted on the boss of the intermediate gear 67.
Therefore, when the shift lever 20 is turned, the
overrunning clutch 50 is moved axially, whereby
the intermediate gear 168 is moved through the
shift coupler 168. In this operation, no moment is
applied to the intermediate gear 67, and accord-
ingly the latter 67 is smoothly moved.

When the electromagnetic switch 36 is en-
ergized, the shift lever 20 is turned counterclock-
wise, so that the overrunning clutch 50 is moved
forwardly, and therefore the intermediate gear 67 is
moved forwardly through the shift coupler 168; that
is, the intermediate gear 57 is engaged with the
ring gear 30 of the engine. At the same time, the
stationary contact means of the electromagnetic
switch is closed to energize the circuit of the start-
er motor 31 thereby to rotate the armature 32. The
rotation of the armature 32 is transmitted to the
relay shaft 46 with the speed reduced by the
planetary gear type speed reducer 40, so that the
ring gear 30 is rotated through the overrunning
clutch 50 and the intermediate gear 67, thus start-
ing the internal combustion engine.

In the above-described tenth embodiment of
the present invention, the intermediate gear type
starter motor includes the planetary gear type
speed reducer: however, the technical concept of
the invention is applicable to an intermediate gear
type starter motor in which, as in the conventional
intermediate gear type starter motor, the armature
rotary shaft is extended to the front end of the front
bracket with no planetary gear type speed reducer.

Effects 9‘ the Invention

As was described above, in the starter motor
according to the first aspect of the present inven-
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tion, the shift coupler is interposed between the
rear end portion of the clutch outer of the overrun-
ning clutch and the boss of the intermediate gear,
so that as the shift lever is turned, the overrunning
clutch and the intermediate gear are axially moved
in an interlock mode. The annular portion of the
shift coupler is loosely mounted on the rear end
portion of the clutch outer so that the shift coupler
is axially coupled to the overrunning clutch, and the
engaging portion exiended radially of the annular
portion is loosely engaged with the whole or half of
the outer periphery of the boss or of the annular
groove with the axial movement limited. Therefore,
the smooth axial movement of the intermediate
gear can be achieved, and the wear of the engag-
ing portion of the shift coupler with the intermediate
gear is minimized, whereby the service life is in-
creased, and accordingly the reliability is improved.

In the starter motor according to the second
aspect of the present invention, the shift coupler is
formed by stamping a metal plate; that is, it can be
manufactured with ease. In engaging the engaging
portion with the annular groove formed in the boss
of the intermediate gear, the engaging portion is
increased in inside diameter by deforming its inner
peripheral portion, and the engaging portion thus
treated is engaged with the annular groove by
restoring the inside diameter. Therefore, the axial
movement of the engaging portion can be limited
without use of a retaining ring.

In the intermediate gear type starter motor
according to the third aspect of the present inven-
tion, the shift coupler consists of the annular mem-
ber and the engaging member which are provided
separately. The engaging member is fitted between
the annular member mounted on the rear end
portion of the clutch outer and the step of the latter,
and the engaging portion extended from the engag-
ing member is radially inserted into the annular
groove formed in the boss of the intermediate gear
in such a manner that its axial movement is limited.
Hence, the shift coupler is simple in construction,
and can be readily installed without use of a retain-
ing ring etc.

In the intermediate gear type starier motor
according to the fourth aspect of the present inven-
tion, the shift coupler comprises the annular mem-
ber and the engaging member which are provided
separately. The annular member is mounted on the
rear end portion of the clutch outer with the axial
movement limited. The engaging groove is formed
in the coupling portion extended from the annular
member, and the disk-shaped engaging member is
mounted on the boss of the intermediate gear in
such a manner that the outer peripheral portion of
the engaging member is engaged with the engag-
ing groove. Hence, the construction is simple, and
the installation can be achieved with ease.
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As was describe above, in the intermediate gear
type starter motor of the fifth aspect of the present
invention, the boss of the shift coupler is loosely
mounted on the boss of the intermediate gear with
its axial movement limited, the arm is extended
axially from the boss of the shift coupler, the upper
end portion of the arm is formed into the arcuate
engaging portion, and the arcuate engaging portion
thus formed is inserted into the groove of the over
running clutch from below with the axial movement
limited. Hence, a conventional ordinary overrrun-
ning clutch can be employed as it is, and yet the
axial movement of the intermediate gear can be
achieved smoothly. In addition, the intermediate
gear assembly can be built in the start motor in the
final step of the starter motor assembling work.
Reference signs in the claims are intended for
better understanding and shall not limit the scope.

Claims

1.  An intermediate gear type starter motor com-
prising an electric motor (1) having an ar-
mature rotary shaft (3), an overrunning cluich
(7) to which rotation of said rotary shaft (3) is
transmitted directly or through speed reducing
means (47), said overrunning clutch (7) rotating
a pinion (53) in one way which is provided at
the front end of said overrunning clutch (7),
and being moved axially by a shift lever (20)
which is operated by an -electromagnetic
switch (36), and an intermediate gear (67)
which is rotatably and axially movably moun-
ted on a supporting shaft (65) arranged in
parallel with the axis of said rotary shaft, said
intermediate gear (67) being in engagement
with said pinion (53d) and being moved for-
wardly to engage with the ring gear (30) of an
internal combustion engine,

characterized by further including:

a shift coupling means (68, 71, 72, 75,
168) interposed between said cluich outer of
said overrunning clutch and the boss of said
intermediate gear to achieve the axial move-
ment of said overrunning clutch and said inter-
mediate gear in an interlock mode,

said shift coupling means comprising;

a first engaging member (68a, 71a, 71c,
72a, 76, 78, 79, 168c) loosely mounted on the
rear end portion of the clutch outer of said
overrunning clutch in such a manner that the
axial movement thereof is limited, and

a second engaging member (68b, 71b,
71f, 72b, 77, 79a, 79b, 80, 168a) extended
radially of said first engaging member, said
second engaging member being engaged with
the boss of said intermediate gear at least a
part of the outer periphery thereof and limited
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in axial movement, and

in which, when the swing of said shift lever
is transmitted axially to one of said first engag-
ing member and the boss of said intermediate
gear, said overrunning cluich and said inter-
mediate gear are moved axially being operated
through said shift coupling means.

An intermediate gear type starter motor as
claimed in claim 1, in which said shift coupling
means is formed by stamping a metal material.

An intermediate gear type starter motor as
claimed in claim 1, in which said shift coupling
means is formed by molding a synthetic resin
material high in mechanical strength.

An intermediate gear type starter motor as
claimed in claim 1, in which said first engaging
member has engaging portions (68c, 76¢, 79¢)
through which said first engaging member is
engaged with the end portions of two prongs
(20a) of said shift lever so that a force of
movement is applied thereto.

An intermediate gear type starter motor as
claimed in claim 1, in which said second en-
gaging member (71b, 71f, 76) includes an en-
gaging portion (71f) extended radially which is
engaged with at least a half of an annular
groove (67b) formed in the outer cylindrical
surface of the boss of said intermediate gear in
such a manner that said second engaging
member is limited in axial movement.

An intermediate gear type starter motor as
claimed in claim 1, in which said second en-
gaging member comprises;

a first engaging portion (79a) extended ra-
dially of said first engaging member, said first
engaging portion having an arcuate engaging
groove (79b) coaxial with said intermediate
gear, and

a second engaging portion (80) engaged
with the boss of said intermediate gear at least
a part of the outer periphery thereof and limit-
ed in axial movement, said second engaging
portion being shaped in the form of a disk in
such a manner that the outer peripheral portion
of said second engaging portion is engaged
with said arcuate engaging groove of said first
engaging portion.

An intermediate gear type starter motor as
claimed in claim 1, further comprising an front
bracket (5) coupled to the front end portion of
said electric motor (1), in which the assembly
of said intermediate gear and said shift cou-
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pling means is smaller in axial length than a
lower opening of said front bracket.

An intermediate gear type starter motor as
claimed in claim 1, in which said first engaging
member and said second engaging member is
ring-shaped.

An intermediate gear type starter motor as
claimed in claim 1, in which said first engaging
member is ring-shaped and said second en-
gaging member is U-shaped.

An intermediate gear type starter motor as
claimed in claim 1, in which said first engaging
member is U-shaped and said second engag-
ing member is ring-shaped.
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