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@ Starter motor for an internal combustion engine.

@ A starter motor, for use with an internal combus-
tion engine, comprising an electric motor (12), an
axially movable pinion assembly (14) rotatable by
said motor (12), a solenoid (17) spaced from the
pinion assembly axis for moving the pinion assembly
(14) and, a lever assembly (22) mounted for pivotal
movement about an axis passing between the axes
of the solenoid (17) and the pinion assembly (14),
said lever assembly (22) linking the armature (18} of
said solenoid (17) and said pinion assembly (14),
said lever assembly (22) comprising a rigid element
(23) supported for pivotal movement about said axis

by means of a transversely extending pivot pin (25),
and a resilient element (24) carried by said rigid
element'(23) and coupled at one end to said ar-
mature (18), and, said rigid element (23) including
first and second abutments (26, 28) disposed on
opposite sides respectively of said pivot axis and
abutting one face of said resilient element (24), the
resilient element extending between said abuiments
and said pivot pin (25) and the relationship of said
pivot pin and said abutments providing a predeter-
mined pre-siressing of said resilient element (24).
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STARTER MOTOR FOR AN INTERNAL COMBUSTION ENGINE

This invention relates to a starter motor for an
internal combustion engine, and to a lever assem-
bly for transmitting movement from the solenoid to
the pinion assembly of such a starter motor.

In a "pre-engaged" starter motor the axially
moveable pinion assembly of the starter motor is
moved along its driving shaft from a rest position to
a position in which the pinion gear wheel of the
assembly can mesh with the ring gear of the en-
gine to be started, by movement of the axially
movable armature of a solenoid. The solenoid ar-
mature is coupled to the pinion assembly by a
lever arrangement and within the coupling between
the solenoid armature and the pinion assembly it is
necessary to provide for "lost-motion” so that in
the event that the pinion gear wheel meets the
engine ring gear in tooth-to-tooth abutment, the
solenoid armature can still move to close the start-
er motor energizing switch contacts even though
the pinion assembly is held against further move-
ment. It has previously been proposed to provide
the "lost-motion" by flexure of the lever arrange-
ment which couples the solencid armature to the
pinion assembly. French Patent Specification
1424804 shows, in Figure 5, an arrangement
wherein the solenoid armature is coupled to the
starter motor pinion assembly by means of a com-
posite lever, that it to say a lever incorporating
more than one element.

The lever of Figure 5 of French Specification
1424804 has its individual elements secured fo-
gether by means of a rivet at their midpoint. Such
an construction is inherently disadvantageous since
the operation of producing a hole, and introducing
a rivet, inevitability weakens the lever construction
and produces a region at which the lever may
fracture in use. Nevertheless the concept shown in
Figure 5 of French Specification 1424804 is inter-
esting since it would be possible, by judicious
construction of the individual elements of the lever,
to permit a pre-loading to be built into the lever
during its construction. Unfortunately the degree of
pre-loading which could be built into a lever of the
kind shown in Figure 5 of French Specification
1424804 is quite small, and thus there is a risk that
during use of the lever the flexing element thereof
may be flexed beyond its yield point, and thus may
take an undesirable permanent set. It is an object
of the present invention to provide a starter motor,
and a lever assembly for use in a starter motor,
wherein a resiliently flexible element of the lever
assembly can be given an adequate pre-stress in a
simple and convenient manner avoiding the dis-
advantages of the prior art, including the disadvan-
tages of the arrangement disclosed in French
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Specification 1424804.

In accordance with the present invention there
is provided a starter motor, for use with an internal
combustion engine, comprising an electric motor,
an axially movable pinion assembly rotatable by
said motor, a solenoid spaced from the pinion
assembly axis and including an armature moveable
from a rest position towards an operative position
by energization of an electromagnet winding of the
solenoid, and, a lever assembly mounted for pivotal
movement about an axis passing between the axes
of said solenoid and said pinion assembly, said
lever assembly linking the armature of said sole-
noid and said pinion assembly such that movement
of the armature is transmitted to the pinion assem-
bly to move the pinion assembly axially from a rest
position towards an operative position, said lever
assembly comprising a rigid element supported for
pivotal movement about said axis, and a resilient
element carried by said rigid element and coupled
at one end to said armature, the end of the lever
assembly remote from said solenoid cooperating
with said pinion assembly for moving said pinion
assembly axially, and, said rigid element including
first and second abutmentis disposed on opposite
sides respectively of said pivot axis and abutting
one face of said resilient element, and a third
abutment between said first and second abutments
and engaging the opposite face of said resilient
element, the resilient element extending between
said abutments and the relationship of said abut-
ments providing a predetermined pre-stressing of
said resilient element.

Preferably said third abutment is defined by a
transversely extending pin whereby the lever as-
sembly is mounted for pivotal movement about
said axis.

Preferably the position of at least one of said
first and second abutments in relation to the posi-
tion of the other abutments is adjustable.

Desirably the end of the lever assembly remote
from said solencid cooperates with said pinion as-
sembly by way of the other end of said resilient
element.

Desirably the rigid element is a sheet metal
pressing.

Examples of the present invention are illus-
trated in the accompanying drawings wherein,

Figure 1 is a side elevational view, parily in
section, of a starter motor in accordance with a
first example of the present invention,

Figure 2 is a front elevational view of the lever
assembly of the starter motor of Figure 1,

Figure 3 is a sectional view on the line A - A'in
Figure 2,
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Figure 4 is a front elevational view of the resil-
ient element of the lever assembiy of Figure 2,
Figures 5 and 6 are scrap views illustrating
adjustment of the pre-siressing of the resilient
element of the lever assembly shown in Figure
2,

Figure 7 is a sectional view of part of a starter
motor in accordance with a second example of
the present invention, and

Figures 8, 9 and 10 are views similar to Figures
2, 3 and 4 respectively but of the lever assem-
bly of the starter motor of Figure 7.

Referring first to Figures 1 to 6 of the accom-
panying drawings the starter motor is, with the
exception of the lever assembly, of a generally
conventional form comprising a housing 11 contain-
ing a d.c., permanent magnet field, electric motor
12, the rotor shaft 13 of which carries a pinion
assembly 14. The pinion assembly 14 comprises a
pinion gear wheel 15 which is mounted on the shaft
13 for both rotational and axial movement relative
to the shaft 13, and a unidirectional roller clutch 16
the input member of which is axially moveable on
the shaft 13 by way of a splined connection. The
pinion gear wheel 15 is coupled to the output
member of the cluich 16 and thus rotation of the
shaft 13 in one direction is transmitted to the pinion
gear wheel 15 by the clutch 16.

The pinion assembly 14 is moveable axially on
the shaft 13 from a rest position (as shown in
Figure 1) to an operative position in which, in use,
the pinion gear wheel 15 meshes with the ring gear
of an engine to be started. A solenoid 17 is pro-
vided for moving the pinion assembly 14 from its
rest position to its operative position, the solenoid
17 including an axially moveable armature 18 and a
fixed electromagnet winding 19 which, when en-
ergized, causes retraction of the armature 18
against the action of a return spring 21. The axis of
the solenoid 17 is parallel to and spaced from the
axis of the shaft 13, the solenoid 17 being secured
to the housing 11.

A lever assembly 22 is coupled at one end to
the armature 18 and coupled at its opposite end to
the pinion assembly 14. Intermediate its ends the
lever assembly 22 is pivotally mounted on the
housing 11 for pivotal movement about an axis
passing between, and lying at right angles to, the
axes of the solenoid 17 and the shaft 13.

The lever assembly 22 comprises a rigid ele-
ment 23, a resilient element 24, and a pivot pin 25.

The rigid element 23 is formed as a pressing
_from mild steel sheet and is generally in the form
of an inverted Y. Thus the element 23 includes a
planar leg portion 23a having upstanding parallel
sidewalls 27 such that the leg portion 23a is of
channel-shaped cross-section. At one end the
planar region of the leg portion 23a projects be-
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yond the sidewalls 27 and is turned upwardly to
define an abutment 26. At the opposite end of the
planar region of the leg portion 23a , the sidewalls
27 are continued as a pair of oppositely curved
limbs 23b terminating in parallel regions 28 the
marginal edges of which are turned inwardly such
that the regions 28 are of channel-shaped cross-
section. The regions 28 are each closed at their
free end by an upturned tag 28a .

Adjacent the junction of the limbs 23b and the
sidewalls 27 the sidewalls 27 are drilled fo receive
the pivot pin 25 which is in the form of a length or
steel bar of circular cross-section. The spacing
between the regions 28 of the limbs 23b is such
that the limbs 28 can be positioned on opposite
sides respectively of the input member of the roller
clutch 16 of the pinion assembly 14.

The resilient element 24 of the lever assembly
is formed from a planar piece of spring steel or
similar resilient material and comprises a leg por-
tion 24a having a longitudinally extending integral
tongue 29 at one end and a pair of integral diver-
gent limbs 31 at its opposite end. The free ends of
the limbs 31 terminate in inturned portions 32.
During construction of the lever assembly 22 the
resilient element 24 is introduced into the rigid
element 23 such that the free end regions of the
limbs 31 are received within the channel-section
portions 28 and the leg portion 24 is received
between the upstanding sidewalls 27. The tongue
29 seats against the upstanding abutment 26. Pres-
sure is then applied to the leg portion 24a of the
element 24 to flex the element 24 towards the base
of the leg portion 23a of the rigid element 23, thus
deflecting the element 24 beyond the apertures in
the sidewalls 27 and permitting introduction of the
pivot pin 25 through the apertures. It will be recog-
nised that during siressing of the element 24 in this
manner the element 24 flexes over substantially the
whole of its length since it is being flexed between
the abutment 26 and the regions 28 of the rigid
element 23. After introduction of the pivot pin 25
the element 24 is retained in the stressed condition
by abutment of the central region of the element 24
with the pin 25. Figures 5 and 6 illustrate that the
angular positioning of the abutment 26 in relation to
the remainder of the rigid element 23 can be
varied, by bending the abutment 26 relative to the
remainder of the element 23, to adjust the pre-
stressing of the element 24.

in use the projecting tongue 28 of the lever
assembly is engaged in a stirrup projecting from
the end of the armature 18, the laterally projecting
ends of the pivot pin 25 are received in appropriate
recesses of the housing 11, and the inwardly pro-
jecting portions 32 of the element 24 are received
between appropriately positioned pairs of abut-
ments on the roller cluich input member of the
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pinion gear wheel assembly 14. When the solenoid
17 is energized the magnetic field generated by
the energized winding 19 causes retraction of the
armature 18, and provided that the pinion gear
. wheel 15 of the pinion assembly 14 can make
meshing engagement with the ring gear of the
engine then the lever assembly 22 acts as a rigid
lever to transmit movement of the armature 18 to
the pinion assembly 14 to move the pinion assem-
bly 14 to its operative position.

Full retraction of the armature 18 causes clo-
sure of an electrical switch which in turn controls
energization of the electric motor 12. Thus upon
full retraction of the armature 18 the motor 12 is
energized to rotate the pinion gear wheel 15, and
with it the ring gear of the engine to be started. In
the event that the pinion gear wheel 15 meets the
engine ring gear in a tooth-to-tooth abutment con-
dition then axial movement of the pinion assembly
14 is prevented at a point before the armature 18
will have been fully retracted. However, the ar-
mature 18 continues to retract thereby flexing the
element 24 of the lever in a direction to move the
tongue 29 away from the abutment 26. Thus the
further movement of the armature 18 takes place
against the combined action of the return spring 21
and the resilience of the lever element 24. When
the armature 18 reaches its fully retracted position
it closes the aforementioned switch so energizing
the motor 12 and thus rotating the pinion gear
wheel 15. Initial rotation of the gear wheel 15
disrupts the tooth-to-tooth abutment condition so
that the pinion gear wheel can be rapidly driven
axially into meshing engagement with the engine
ring gear by the resilient restoring action of the
lever element 24,

It will be recognised that the pre-siressing of
the resilient element 24 of the lever provides an
initial pre-loading of the element in relation to the
flexure which is caused in the tooth-to-tooth abut-
ment condition. The pre-stressing of the element
24 permits a lower rate spring to be employed in
the construction of the lever assembly 22 thereby
affording greater control over the axial loading ap-
plied to the pinion in the tooth-to-tooth abutment
condition, optimisation of solenoid electromagnet
winding size, and avoiding an increase in overall
starter motor length, as compared with a lever
assembly design which does not embody pre-
stressing, it being understood that in a lever design
without pre-stressing then a much higher rate resil-
ient element would be needed in order to ensure
that no deflection of the resilient element occurs
during normal operation of the starter motor.

As mentioned above, the lever assembly 22
acts as a rigid lever in the event that there is no
tooth-to-tooth abutment and thus when used in, for
example, a starter motor for a high powered diesel
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engine, where pinion "pumping" can be a problem,
the axial reciprocation of the pinion is limited in one
direction by an end stop on the pinion shaft and in
the other direction by the lever assembly. The
reciprocation does not include "float” arising from
flexure in the lever assembly 22 as could arise if
the resilient element 24 of the lever assembly were
not pre-stressed.

Figures 7 to 10 illustrate modification in which
the pinion assembly of the starter motor is carried
on an axially moveable lay-shaft rather than upon
the rotor shaft of the electric motor. Thus the
starter motor includes a housing 11 containing an
electric motor 12 the output shaft 13 of which
drives a pinion assembly 14 through a reduction
gearing 31. The reduction gearing 31 includes a
gear wheel 32 on the shaft 13 and gear teeth 33
formed in the exterior of the large diameter outer
member of the roller clutch 16. The pinion gear
wheel 15 of the pinion assembly 14 is carried by
an axially moveable lay-shaft 34 moveable from a
rest position (as shown in Figure 7) to an operative
position in which the pinion gear wheel 15 meshes
with the engine ring gear, by operation of a sole-
noid 17. The siructural arrangement of the solenoid
17 differs from the solenoid illustrated in Figure 1,
although the differences are not of significance to
the present invention. The solenoid 17 still includes
an armature 18 which is retracted upon energiza-
tion of an electromagnet winding 19 and a lever
assembly 42 pivotally supported by the housing 11
intermediate the axes of the solenoid 17 and the
shaft 34, transmits movement of the armature 18 to
the shaft 34.

The lever assembly 42 bears against an end of
the lay-shaft 34, and thus there is no necessity for
one end of the lever assembly to be bifurcated as
is the case in the arrangement of Figure 1. Thus
the lever assembly 42 comprises a rigid element
43, a resilient element 44 and a pivot pin 45. The
rigid element 44 is a pressing or stamping formed
from mild steel sheet and comprises a planar base
43a having integral, parallel, upstanding sidewalls
47 such that the element 43 is of channel-shaped
cross-section throughout its length. At one end the
channel is closed by an upturned end wall 48a and
at its opposite end the channel is partially closed
by a pair of inturned tags 49 formed at the ends of
the sidewalls 47. Intermediate their ends the
sidewalls 47 are drilled to provide apertures for
receiving the pivot pin 45 and adjacent the uptur-
ned end wall 48 the base 43a is formed with a
circular aperture 51. At each side of the midpoint
thereof the base 43a is cut to define first and
second integral tangs 52, 53 which are bent upwar-
dly to project into the channel section of the ele-
ment 43.

The resilient element 44 is a strip of spring
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steel having an integral, longitudinally extending
tongue 44a at one end thereof. During construction
of the lever assembly 42 the element 44 is intro-
duced into the element 43 so as to rest on the free
ends of the tangs 52, 53. One end of the element
44 is adjacent the end wall 48a of the element 43
and the tongue 44a at the opposite end of the
element 44 projects from the element 43 between
the inturned tags 49. In this configuration the ele-
ment 44 partially obsiructs the aperiures destined
to receive the pivot pin 45, and thus before the
pivot pin 45 can be introduced the element 44
must be flexed, between the tangs 52, 53, to de-
press the element 44 towards the base 43a .
Thereafter the pivot pin 45 can be introduced and
will retain the element 44 in the pre-stressed con-
dition.

As described above in relation to the abutment
26 one, or both of the abutments constituted by the
tangs 52, 53 can be bent to adjust the pre-stress-
ing of the element 44. During use of the lever
assembly 42 the projecting tongue 44a of the ele-
ment 44 engages in a stirrup of the armature 18,
the projecting ends of the pivot pin 45 are received
in corresponding recesses of the housing 11 to
pivotally mount the lever, and a bearing member
provided at one end of the lay-shaft 34 extends
through the aperture 51 to abut the end of the
element 44 remote from the tongue 44a during
retraction of the armature 18. As described above,
provided that the pinion gear wheel 15 can freely

mesh with the ring gear of the engine to be started

then the pre-siressing of the element 44 ensures
that the element 44 acts as a rigid lever in trans-
mitting the movement of the armature 18 to the
shaft 34 and thus the pinion assembly 14. How-
ever, in the event of a tooth-to-tooth abuiment
between the pinion gear wheel 15 and the engine
ting gear then the element 44 flexes so permitting
the armature 18 to continue to move even though
the pinion assembly has been arrested. After ener-
gization of the motor, and disruption of the tooth-to-
tooth abutment condition, the restoration of the
resilient element 44 drives the shaft 34 and thus
the pinion gear wheel 15 to its operative position.
The advantages of pre-stressing of the lever ele-
ment 44 are as discussed above.

It will be recognised that both the lever assem-
bly 22 and the lever assembly 42 can be pre-
assembled provided that the projecting ends of the
pivot pin 25 or 45 can be appropriately received by
the housing 11. It would of course be possible to
construct the lever assemblies in situ although it is
preferable to pre-assemble them. Moreover, adjust-
ment of the pre-stressing of the resilient elements
of the levers is again preferably preformed prior to
introduction of the lever assembly into the starter
motor, but can, if desired, be performed by appro-
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priate bending of the abutment 26 or one or more
of the tangs 52, 53 in siiu.

Figure 1 and Figure 7 appear to show the
resilient elements of the lever assemblies as a two
layer configuration. The intention in each view is to
show the median plane of each resilient element,
but it is to be understood that if desired each
resilient element could comprise a pair of resilient
strips in facial contact.

The rigid elements 23, 43 of the lever assem-
blies could be moulded in a synthetic resin ma-
terial, for example a glass filled nylon material but
it will be understood that there must be other
provision for adjustment of the resilient element
pre-load since the resilient element abutments
would not be bendable as is the case with a metal
element 23 or 43. Moreover the elements 24, 44
could be formed from a suitable synthetic resin
material.

It is to be recognised that the invention resides
not only in a starter motor utilising such lever
assembles, but also in the lever assembles them-
selves.

Claims

1 A starter motor, for use with an internal combus-
tion engine, comprising an electric motor (12), an
axially movable pinion assembly (14) rotatable by
said motor, a solenoid (17) spaced from the pinion
assembly axis and including an armature (18)
moveable from a rest position fowards an operative
position by energization of an electromagnet wind-
ing (19) of the solenoid, and, a lever assembly (22)
mounted for pivotal movement about an axis pass-
ing between the axes of said solenocid and said
pinion assembly, said lever assembly linking the
armature of said solenocid and said pinion assembly
such that movement of the armature is transmitted
to the pinion assembly to move the pinion assem-
bly axially from a rest position towards an operative
position, the starter motor being characterized in
that said lever assembly (22) comprises a rigid
element (23; 43) supported for pivotal movement
about said axis, and a resilient element (24; 44)
carried by said rigid element and coupled at one
end to said armature, the end of the lever assem-
bly remote from said solenoid cooperating with
said pinion assembly for moving said pinion as-
sembly axially, and, said rigid element (23; 43)
including first and second abutments (26, 28; 52,
53) disposed on opposite sides respectively of said
pivot axis and abutting one face of said resilient
element (24; 44), and a third abutment (25; 45)
between said first and second abutments and en-
gaging the opposite face of said resilient element,
the resilient element extending between said abut-
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ments and the relationship of said abutments pro-
viding a predetermined pre-siressing of said resil-
ient element.

2 A starter motor as claimed in Claim 1 wherein
said third abuiment is defined by a transversely
extending pin (25; 45) whereby the lever assembly
is mounted for pivotal movement about said axis.

3 A starter motor as claimed in Claim 1 or Claim 2
wherein the position of at least one (26; 52) of said
first and second abutments in relation to the posi-
fion of the other abutments is adjustable.

4 A starter motor as claimed in any one of Claims
1 to 3 wherein the end of the lever assembly
remote from said solenoid cooperates with said
pinion assembly by way of the other end of said
resilient element.

5 A starter motor as claimed in any one of Claims
1 to 4 wherein the rigid element is a sheet metal
pressing.

6 A lever assembly for use in a starter motor as
claimed in any one of Claims 1 to 5 comprising a
tigid element (23; 43) to be supported for pivotal
movement about an axis and a resilient element
(24; 44) carrfed by said rigid element, said rigid
element including first and second abutments (26,
28; 52, 53) disposed on opposite sides respectively
of said pivot axis and abutting one face of said
resilient element, and a third abutment (25; 45)
between said first and second abutments and en-
gaging the opposite face of said resilient element,
the resilient element extending between said abut-
ments and the relationship of said abutments pro-
viding a predetermined pre-stressing of said resil-
ient element.

7 A lever assembly as claimed in Claim 6 wherein
said third abutment is deferred by a pivot pin (25;
45) extending ftransversely relative to said rigid
element and providing means for mounting the
lever assembly for pivotal movement about said
axis.
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