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(57) ABSTRACT

An engaging device and a starter comprising the engaging
device, the starter comprises an electric motor, a speed
reducer connected with the electric motor, an overrunning
clutch comprising a driving piece connected with the speed
reducer and a driven piece, and an engaging device with a
main shaft connected with the driven piece of the overrun-
ning clutch. A quick engagement may be achieved and a
certain initial engagement depth is guaranteed. During the
engaging process, the pinion may mesh into a ring gear in its
own initiative, reducing the effect of teeth milling phenom-
enon on the ring gear to a maximum extent.

19 Claims, 5 Drawing Sheets
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1
STARTER AND ENGAGING DEVICE
THEREOF

BACKGROUND OF THE INVENTION

The present invention relates to vehicle parts, and par-
ticularly to an engaging device for a starter and a starter
including the engaging device.

A starter is also referred to as a motor, in which power is
generated by a DC motor and then is transmitted to a
flywheel gear via a starter gear. A flywheel is driven, rotating
a crankshaft to start an engine.

After the starter is activated, a pinion is moved axially
along a main shaft. The teeth of the pinion are elastically
pressed against the teeth of a ring gear. Then, the pinion is
rotated along with the main shaft, such that the teeth of the
pinion slide into tooth spaces of the ring gear, and thus
engaging of the pinion and the ring gear is achieved.

In most cases, the pinion of the starter may not engage
with the ring gear directly. The engaging motion will not
begin until the pinion is driven by the electric motor to turn
a certain angle. The engaging process of the pinion requires
some time and the engagement depth increases with time.
Since there is a very high torque when the electric motor just
starts to rotate (when the speed is low), generally, at the time
when the pinion is driven by the electric motor to turn a
certain angle to find the tooth space of the gear ring, the
pinion still cannot engage with the ring gear completely, to
put it more precisely, the engagement depth in the ring gear
(initial engagement depth) is very small (typically 0.5-1.5
mm). Under high torque, there is a possibility that the ring
gear will be scratched by the pinion if the engagement depth
of the pinion is too small (typically, the strength of the
material of the pinion is much higher than that of the ring
gear, and so is the rigidity). This phenomenon is similar to
the process of machining a part with a milling cutter and thus
is commonly known as “teeth milling”. Therefore, the initial
engagement depth of the pinion with the ring gear is an
important factor to judge the engagement performance of a
starter.

Currently, there are a few solutions to improve the
engagement performance. One of them is to produce a tip
chamfer for the pinion and a flank chamfer for the ring gear
at the opposing end surfaces of the pinion and the ring gear,
to facilitate guiding the teeth of the pinion to slide along the
teeth of the ring gear. However, a large relative rotating
angle is still needed for the pinion to engage with the ring
gear, and the need to rely on motor drive to implement the
process of finding tooth spaces cannot be avoided com-
pletely. Another solution is, by using a two-stage circuit, to
allow an enhanced first stage circuit to drive the pinion to
fulfill the process of finding tooth spaces and engaging, a
second stage current to actually drive an engine is not
switched on until the engagement depth of the pinion
reaches a relatively high value (over 5 mm), thereby reduc-
ing teeth milling phenomenon during the engaging process
caused by driving a pinion under high torque. However,
another circuit design is needed to achieve this function and
thus increases the cost of the product. Further, such a circuit
is prone to failure in poor working conditions, causing
dissatisfaction from a user.

SUMMARY OF THE INVENTION

The technical problem to be solved by the present inven-
tion is to provide an engaging device for a starter, which
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2

enables the pinion of the starter to engage with the flywheel
ring gear of an engine quickly and reliably.

The engaging device according to one aspect of the
present invention comprises a main shaft and a pinion
sleeved on the main shaft, an external spline is provided on
the main shaft and the main shaft defines a limit position of
the pinion, the external spline has teeth comprising a first
active tooth flank; an internal spline mating with the external
spline of the main shaft is provided inside the pinion, the
internal spline has teeth comprising a first passive tooth
flank; the acting force applied on the pinion by the first
active tooth flank of the external spline when the first active
tooth flank of the external spline is in contact with the first
passive tooth flank of the internal spline has a circumferen-
tial component and an axial component toward the limit
position; the teeth of the internal spline comprise a second
active tooth flank and the teeth of the external spline
comprise a second passive tooth flank, the acting force
applied on the pinion by the second passive tooth flank of the
external spline when the second active tooth flank of the
internal spline is in contact with the second passive tooth
flank of the external spline has no axial component away
from the limit position.

Optionally, in the engaging device described above, the
external spline of the main shaft and the internal spline of the
pinion forms a clearance fit therebetween, an elastically
pre-deformed elastic element is mounted between the main
shaft and the pinion, the pre-deformed elastic element
applies an elastic force in a direction toward the limit
position to the pinion.

Optionally, in the engaging device described above, the
first active tooth flank extends in a helical form in a first
direction; the second active tooth flank extends axially
and/or in a helical form in a second direction, the helical in
the second direction is opposite to the helical in the first
direction.

Optionally, in the engaging device described above, the
external spline of the main shaft comprises a first external
spline and a second spline, the first active tooth flank is
provided on the first external spline, the first external spline
is a helical spline, the second external spline is a straight
spline; the internal spline of the pinion comprises a first
internal spline, the first internal spline is a helical spline, the
second active tooth flank is provided on the teeth of the first
internal spline located corresponding to the second external
spline.

Optionally, in the engaging device described above, the
second active tooth flank is a chamfer on the first internal
spline, the surface where the chamfer lies is parallel to the
surface of the tooth flank of the second external spline.

Optionally, in the engaging device described above, the
first external spline and the second external spline are made
integrally or arranged separately.

Optionally, in the engaging device described above, a
clearance exists between the second external spline and the
first internal spline when the first active tooth flank contacts
the tooth flank of the first internal spline; a clearance exists
between the first internal spline and the first external spline
when the second active tooth flank contacts the second
external spline.

Optionally, in the engaging device described above, the
main shaft comprises a snap ring mounted thereon, which
snap ring abuts the pinion to define the limit position of the
pinion.

Optionally, in the engaging device described above, the
snap ring is mounted on the external spline of the main shaft.
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The pinion is able to find clearance of tooth spaces of the
ring gear immediately and fulfill engaging due to the fact
that the pinion may turn a certain angle relative to the main
shaft by itself while making an axial movement therebe-
tween. The pinion is capable of engaging with the ring gear
rapidly all the time, but not only in the circumstance that the
main shaft is rotating, even it is not rotating. At least one of
the main shaft and the pinion is provided with combined
splines, respectively a helical spline and a straight spline,
wherein the helical spline and the straight spline may be
arranged and manufactured separately.

The starter according to a second aspect of the present
invention comprises an electric motor, a speed reducer
connected with the electric motor, an overrunning clutch
comprising a driving piece connected with the speed reducer
and a driven piece, and the above described engaging
device, the main shaft of the engaging device is connected
with the driven piece of the overrunning clutch.

The starter of the present invention is capable of quickly
engaging and ensures a certain initial engagement depth.
During the engagement, the pinion may engage with a ring
gear in its own initiative, reducing the effect of teeth milling
phenomenon on the ring gear to a maximum extent. Com-
pared with the prior art, the present starter only adds
combined splines, which can easily made in construction
and manufacture.

BRIEF DESCRIPTION OF THE DRAWINGS

Other aspects and characters of the present invention will
become apparent from the following description in detail
with reference to accompanying drawings. However, as will
be understood, the figures are designed only for illustration,
and should not be construed as limitation of the scope of the
present invention, for which reference should be made to the
appended claims. It should also be noted that the figures are
merely intended to conceptually illustrate the structures and
processes described herein and are not necessarily drawn to
scale, unless indicated otherwise.

The present invention will be understood more fully with
reference to the detailed description of the specific embodi-
ments below in conjunction with the drawings. Similar or
identical elements are indicated by the same reference signs
throughout the drawings, in which:

FIG. 1 is a structural schematic view of a specific embodi-
ment of a starter of the present invention;

FIG. 2 is a perspective view of a specific embodiment of
the main shaft in the starter of the present invention;

FIG. 3a is a partial perspective view with the pinion and
the main shaft in the starter of the present invention being
assembled, FIG. 356 is a partial sectional view of the
assembled pinion and main shaft in FIG. 3a;

FIG. 4 is another partial sectional view with the pinion
and the main shaft in the starter of the present invention
being assembled;

FIG. 5 shows schematic views (a) and (b) of two specific
embodiments of the combined splines in the starter of the
present invention; and

FIGS. 6-9 are schematic views of the engaging process of
the starter of the present invention with a flywheel of an
engine.

DETAILED DESCRIPTION

Hereinafter, specific embodiments of the present inven-
tion will be described in detail with reference to the draw-
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4

ings, in order to help persons skilled in the art to understand
exactly the subject claimed in the present invention.

Spatial relationship expressions, such as “front side”,
“front end”, “rear end”, “left”, “right”, “downward” and the
like, will be used herein for convenience to describe the
relationship of one element or feature and another element
or feature shown in the drawings. As will be appreciated, in
addition to the orientations described in the drawings, those
spatial relationship expressions are intended to encompass
different directions and orientations of the device in use or
in operation.

Referring to FIG. 1, a structural schematic view of a
specific embodiment of a starter of the present invention is
shown. The starter includes an electric motor, a drive mecha-
nism and a control portion. The electric motor is a DC
electric motor 10, which functions to transfer DC electric
power input by a battery into mechanical energy, generating
electromagnetic torque. The drive mechanism is responsible
for transmitting the electromagnetic torque and motivating
the electric motor to engage with a ring gear 80 on an engine.

The drive mechanism includes a speed reducer, an over-
running clutch and an engaging device. Here, the engaging
device refers to the part in the starter engaging with the ring
gear 80 of the engine, which includes a main shaft 50 and a
pinion 60. The speed reducer may be a speed reducer of any
kind known by persons skilled in the art, for example, a gear
speed reducer. As shown in FIG. 1, the speed reducer is a
planet gear speed reducer 20. In particular, the planet gear
speed reducer 20 includes a sun gear 21, and an outer ring
gear 22 that is mounted concentrically with the sun gear 21,
a planet gear 23 and a planet carrier 24. The outer ring gear
22 may rotate about the sun gear 21, with the planet gear 23
located between the sun gear 21 and the outer ring gear 22
and engaging with the sun gear 21 and the outer ring gear 22,
respectively. Meanwhile, an output shaft of the planet gear
23 is connected to the planet carrier 24. An output shaft of
the electric motor is connected to the sun gear 21. When the
electric motor rotates and drives the sun gear 21, the output
movement of the planet carrier 24 is a rotary movement with
reduced speed.

The overrunning clutch 3 includes a driving piece 31 and
adriven piece 32. The driving piece 31 is disposed inside the
overrunning clutch 3 and is connected with the planet carrier
24. The driven piece 32 is disposed outside the overrunning
clutch 3. In particular, the driven piece 32 has one end
sleeved outside the drive piece 31 and another end con-
nected with the main shaft 50. A roller 33 is arranged
between the driving piece 31 and the driven piece 32, and
through the roller 33, the output torque in the planet carrier
24 is transmitted from the driving piece 31 to the main shaft
50 via the driven piece 32. The construction of the overrun-
ning clutch 3 is not limited to the above described form, and
the roller 33 may be other transmitting element known by
persons skilled in the art.

The overrunning clutch 3 is connected to one end of the
main shaft 50 through a spline means 4. The pinion 60 is
installed on the other end of the main shaft 50. The spline
means 4 includes an interior spline provided on the inside of
the driven piece 32 of the overrunning clutch 3 and an
exterior spline provided on the main shaft 50. The interior
spline and the exterior spline mate with each other. That is,
the respective teeth of the interior and exterior splines fit into
tooth spaces of the counterpart. The tooth profile of the
spline can adopt any form known by persons skilled in the
art, for example, a rectangular tooth or a involute tooth. The
interior and exterior spline may be a straight spline with its
teeth extending straightly along an axis of the main shaft 50
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or a helical spline with its teeth extending helically. FIG. 1
shows an example of a helical spline.

When the overrunning clutch 3 is engaged, the driven
piece 32 rotates and drives the main shaft 50. Between the
interior spline and the exterior spline, a rotary movement is
performed. Meanwhile, due to the effect of the helical spline,
the exterior spline (i.e., the main shaft 50) is moved in an
axial direction relative to the interior spline (i.e., the driven
piece 32). As shown in FIG. 1, the axial movement of the
main shaft 50 is further controlled by a control device 70. A
front end 73 of a shift lever 71 of the control device 70 is
fixed on the main shaft 50, a middle portion of the shift lever
71 is disposed on a pivot and is rotatable about the pivot, and
a rear end 74 of the shift lever 71 is connected with an
actuating mechanism (not shown) of the control device 70.
When the actuating mechanism pulls the rear end 74 of the
shift lever 71, the front end 73 of the shift lever 71 enables
the exterior spline of the main shaft 50 to move relative to
the interior spline of the driven piece 32 of the overrunning
clutch 3. In addition, an axial limiting means is further
provided for the main shaft 50. A stopper 34 is arranged in
the overrunning clutch 3 at an end surface of the interior
spline of the driven piece 32. The main shaft 50 is prevented
from moving further away from the driven piece 32 in the
axial direction when the interior spline comes into contact
with the stopper 34.

When the electric motor is started, the torque is in turn
transmitted through the speed reducer, the overrunning
clutch 3, the spline means 4, the main shaft 50 to the pinion
60. Then, the pinion 60 is rotated.

Referring to FIG. 2, a structural schematic view of the
main shaft 50 of the engaging device of the present invention
is shown. The main shaft 50 is a stepped shaft, which
includes a middle section 53, and a first section 51 and a
second section 52 arranged on both ends of the middle
section 53. The middle section 53 is used for connection
with the shift lever 71. The first section 51 has a diameter
smaller than that of the middle section 53. The first section
51 includes thereon a spline portion 501 where a spline is
provided and a smooth spring mounting portion 502 where
no spline is provided. A spring 516 is sleeved on the spring
mounting portion 502, how the spring 516 is arranged will
be described below. A first external spline 511 is provided on
the spline portion 501. The first external spline 511 is a
helical spline and begins at one end (a front side, as shown
in FIG. 2) of the spline portion 501. A second external spline
512 is further provided on the spline portion 501. The second
external spline 512 is a straight spline and terminates at the
other end of the spline portion 501, as shown in the Figure.
The first external spline 511 and the second external spline
512 have the same tooth profile, which may be a rectangular
tooth profile or a involute tooth profile. In the present
embodiment, an external spline with an easily manufactured
rectangular tooth profile is preferable. The teeth of the first
external spline 511 extends spirally on the spline portion 501
toward the middle section 53, and the teeth of the second
external spline 512 extend axially and straightly along an
axis of the main shaft 50 toward the middle section 53. The
first external spline 511 and the second external spline 512
may separate, or may be made integrally. In the present
embodiment, it is preferable that the first external spline 511
and the second external spline 512 are arranged separately
with a certain space therebetween, technically, which can be
done more easily, and the first external spline 511 has a
length much larger than that of the second external spline
512.
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It should be understood, it is also possible that the first
external spline 511 is a straight spine and the second external
spline 512 is a helical spline, so as to constitute the com-
bined splines on the spline portion 501.

The second section 52 (its external spline is not shown) of
the main shaft 50 mates with the internal spline of the driven
piece 32 of the overrunning clutch 3.

Referring to FIGS. 3-4, a structural schematic view of the
engaging device of the present invention including the
pinion 60 is shown. The pinion 60 includes a pinion body 61,
on which an inner hole 62 is provided and exterior tecth 63
for engaging with the flywheel ring gear 80 of the engine are
circumferentially disposed. The inner hole 62 is a step hole
and includes at least a spline portion 602 for providing a
spline. A first internal spline 621 is provided on the spline
portion 602. The first internal spline 621 is the spline that
mates with the helical external spline on the spline portion
501 of the first section 51 of the main shaft 50. That is,
parameters, such as the profile, the number and the helical
angle, etc., of the teeth of the first internal spline 621
coincide with those of the helical external spline of the first
section 51 of the main shaft 50, such that the respective teeth
of the internal and external splines may be inserted into the
tooth spaces of the counterpart. When the first external
spline 511 or the second external spline 512 of the first
section 51 of the main shaft 50 has its tooth profile in
rectangular shape, the tooth profile of the first internal spline
621 of the pinion 60 will also be rectangular.

The spaces of the first internal spline 621 of the pinion 60
and the teeth of the external spline (which includes the teeth
of the first external spline 511 and the teeth of the second
external spline 512) of the first section 51 of the main shaft
50 are clearance fit with each other. That is, the teeth of the
external spline are received in the spaces of the internal
spline with a gap therebetween, so as to ensure that a relative
rotation movement can be made between the internal and
external splines. In addition, an axial movement is made by
the internal and external splines relative to each other. The
dimension in width of the space of the first internal spline
621 may also receive the second external spline 512 in a
straight spline form making relative axial movement.

Referring to FIG. 5, a schematic view of the mating
between the teeth of combined external splines and the
spaces of an internal spline is shown. No matter whether the
first external spline 511 and the second external spline 512
are formed integrally or they are arranged separately, in a
rotating direction of the main shaft 50, the first external
spline 511 and the second external spline 512 are in flush
arrangement or in staggered arrangement. When the both are
in flush arrangement, the first external spline 511 and the
second external spline 512 are synchronous; when they are
in staggered arrangement, as shown in Figures, the second
external spline 512 is arranged in a lagging position with
respect to the first external spline 511. Here, the so-called
synchronous mainly means that the first internal spline 621
contacts the first external spline 511 and the second external
spline 512 at the same time when the pinion 60 drives the
main shaft 50 to rotate. Under this circumstance, the two
ends in the width direction of the teeth of the second external
spline 512 have to be in the extended lines of the flanks at
both sides of the teeth of the first external spline 511. The
so-called lagging means that when the main shaft 50 drives
the pinion 60 to rotate (a relative rotation between the
external and internal splines), the first external spline 511
contacts the first internal spline 621 first (while the second
external spline 512 is at a distance from the first interior
spline 621); and that when the pinion 60 drives the main
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shaft 50 to rotate, the first internal spline 621 contacts the
second external spline 512 first (while the first internal
spline 621 is at a distance from the first external spline 511).

Therefore, according to the mating between the internal
and external splines, the teeth of the first external spline 511
includes at least a first active tooth flank 514, and the first
internal spline 621 includes at least a second active tooth
flank 622. The first internal spline 621 includes at least a first
passive tooth flank 623, and the second external spline 512
includes at least a second passive tooth flank 517. The first
active tooth flank 514 is located corresponding to the first
passive tooth flank 623 of the first internal spline 621, and
the second active tooth flank 622 is located corresponding to
the flank of the second external spline 512 in a straight spline
form. When the second active tooth flank 622 is a chamfer
on the first internal spline 621, the surface where the
chamfer lies is parallel to the second passive tooth flank 517
of the second external spline 512. In the direction in which
the main shaft 50 drives the pinion 60 to rotate together, the
first passive tooth flank 623 (i.e., the first interior spline 621)
may be driven by the first active tooth flank 514; and in the
direction in which the pinion 60 drives the main shaft 50 to
rotate together, the second passive tooth flank 517 (i.e., the
second external spline 512) may be driven by the second
active tooth flank 622. The above description applies to the
case where the first external spline 511 is a helical spline and
the second external spline 512 is a straight spline. As could
be understood by persons skilled in the art, when the first
external spline is a straight spline and the second external
spline is a helical spline, it also applies as long as the
condition that, in the direction where the pinion 60 is an
active piece and the main shaft 50 is a passive piece, the first
external spline may be driven by the second active tooth
flank of the first internal spline is met.

Although the second external spline is a straight spline,
persons skilled in the art should understand that, in addition
that, the second external spline may also be an oblique spline
with its inclined direction opposite to the turning direction of
the first external spline, and/or be a helical spline with its
turning direction opposite to that of the first external spline.
Then, the form of the first internal spline also needs to be
adjusted accordingly, that is, as an oblique spline and/or a
helical spline.

As could also be understood by persons skilled in the art,
apart from the integrally formed internal spline as shown in
the present example, the internal spline could be divided into
a first internal spline and a second internal spline, which
respectively correspond to the first external spline 511 in a
form of a helical spline and a second external spline 512 in
a form of a straight spline (or an oblique spline and/or a
helical spline). Alternatively, the external spline is integrally
formed and corresponds to a first internal spline in a form of
a helical spline, and a second internal spline in a form of a
straight spline (or an oblique spline and/or a helical spline).

The spiral direction of the helical spline depends on the
rotating direction of the main shaft 50. Therefore, the spiral
direction of the helical spline shown in the Figures is for
illustration only by way of example. When the rotating
direction of the main shaft 50 reverses, the spiral direction
of the helical spline follows to reverse.

Turning back to FIGS. 3-4, a structural schematic view of
the main shaft 50 and a pinion 60 after assembling is shown.
A circle of ring groove 513 is opened on the first external
spline 511, and a snap ring 515 is disposed within the ring
groove 513 to prevent the pinion 60 from moving out of the
main shaft 50 axially relative to the main shaft 50. The
pinion 60 is located at a limit position relative to the main
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shaft 50 when the pinion 60 touches the snap ring 515. The
spring 516 is sleeved on the spring mounting portion 502
with its one end abutting against and within a stepped hole
and the other end abutting against an end surface of the
middle section 53. The spring is compressed when the
pinion 60 is located at the limit position contacting the snap
ring 515.

Referring now to the FIGS. 6-9, the engaging process of
the pinion 60 of the starter and the flywheel ring gear 80 of
the engine is shown. In an initial state, the shift lever 71 is
pushed by an action switch of a control section to move the
main shaft 50 axially to the left. The electric motor rotates
and the torque is transmitted to the main shaft 50 through the
planet gear speed reducer 20 and the overrunning clutch 3.
At that time, the pinion 60 abuts against the snap ring 515
due to the preload applied by the spring 516. Since the
pinion 60 is fixed relative to the first section 51 of the main
shaft 50, the pinion 60 is rotated together with the main shaft
50, as shown in FIG. 6.

The pinion 60 will just mesh into the ring gear 80 when
the main shaft 50 is moved axially to the left if the teeth of
the pinion 60 do not interfere with the teeth of the ring gear
80. As shown in FIG. 7a, however, in the case that the teeth
of'the pinion 60 happen to interfere with the teeth of the ring
gear 80, the end surface of the pinion 60 will run into the end
surface of the ring gear 80 without meshing into the ring
gear 80. As the main shaft 50 continues to move axially to
the left, since the pinion 60 has not yet meshed into the ring
gear 80 at this moment, with the block of the ring gear 80,
the pinion 60 will make an axial linear movement in the
direction indicated by a dotted arrow in FIG. 7a (to the right)
with respect to the main shaft 50. The shift lever 71 stops
when controlling the main shaft 50 to advance to a prede-
termined position.

Then, turning to the FIG. 74, it is an enlarged schematic
view of the internal and external splines in FIG. 7a. When
the first internal spline 621 (the pinion 60) moves downward
relative to the first external spline 511 (the main shaft 50) as
indicated by a dotted arrow in the Figure (which equals to
the pinion 60 moves to the right with respect to the main
shaft 50), the first active tooth flank 514 of the first external
spline 511 will soon come into contact with the first passive
tooth flank 623 of the first internal spline 621. Through this
mutual contact, an acting force is produced between the first
active tooth flank 514 of the first external spline 511 and the
first passive tooth flank 623 of the first internal spline 621.
Due to the function of the helical spline, the acting force
applied on the pinion 60 by the first active tooth flank 514
of the first external spline 511 has a circumferential com-
ponent (in a left direction as shown in FIG. 75) and an axial
component toward the limit position (in a forward direction
as shown in FIG. 75). On one hand, a blocking force applied
by the ring gear 80 to the pinion 60 drives the pinion 60 to
move axially and linearly away from the limit position
relative to the main shaft 50 (in a downward direction as
shown in FIG. 7b) against the axial component of the acting
force applied to the pinion 60 by the first active tooth flank
514 and a frictional force between the first active tooth flank
514 of the first external spline 511 and the first passive tooth
flank 623 of the first internal spline 621. On the other hand,
the circumferential component of the acting force applied by
the first external spline 511 pushes the first internal spline
621 to make a leftward rotation movement as shown in the
Figure. In this way, the pinion 60 is rotated relative to the
main shaft 50 and the teeth on the ring gear 80 find the
spaces of the pinion 60 quickly and enter into the spaces.
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Under the reaction force of the spring 516, the pinion 60
springs back and moves axially toward the direction as
shown in FIG. 8 until it touches the snap ring 515. At this
moment, the pinion 60 is completely engaged with the ring
gear 80.

Once the pinion 60 is meshed into the flywheel ring gear
80, it means that the torque is further transmitted to a
crankshaft of the engine by the fly wheel, thereby the engine
is started.

Referring to FIG. 9, after the engine is started and ignited,
the ring gear 80 rapidly speeds up, overruns the pinion 60
and then reversely transmits the overrunning torque to the
main shaft 50. In the overrunning state, the second active
tooth flank 622 of the first internal spline 621 contacts the
second passive tooth flank 517 of the second external spline
512. Through this contact, a mutual acting force is produced
between the second active tooth flank 622 of the first internal
spline 621 and the second passive tooth flank 517 of the
second external spline 512. In one specific embodiment
according to the present invention, both the second active
tooth flank 622 of the first internal spline 621 and the second
passive tooth flank 517 of the second external spline 512 are
axially extending surfaces, therefore, there is only circum-
ferential acting force and no axial acting force therebetween.

In another specification embodiment according to the
present invention, the second active tooth flank 622 of the
first internal spline 621 and the second passive tooth flank
517 of the second external spline 512 may also be surfaces
extending in an opposite spiral direction to that of the first
active tooth flank 514 and the first passive tooth flank 623.
That is, if the first active tooth flank 514 and the first passive
tooth flank 623 are left spirals in spiral direction, the second
active tooth flank 622 and the second passive tooth flank 517
are right spirals, and vice versa. In this case, the acting force
applied to the pinion 60 by the second passive tooth flank
517 of the second external spline 512 has a circumferential
component and an axial component toward the limit posi-
tion, but has no axial component away from the limit
position, thereby an axial return movement (toward the right
direction of FIG. 94) by the pinion 60 can be avoided. By
that time, the power transmission between the crankshaft of
the engine and the electric motor is immediately cut off by
the overrunning clutch 3, preventing the electric motor from
being damaged due to reverse dragging by the engine
operating with high speed.

The above embodiment is merely intended to illustrate but
not limit the present invention, and various changes and
modifications may be made by persons skilled in the art
without departing the scope of the present invention. There-
fore, all the equivalent technical solutions belong to the
scope of the present invention, which should be defined by
the appended claims.

What is claimed is:

1. An engaging device for a starter, comprising

a main shaft (50) including an external spline provided on

the main shaft (50), wherein the external spline has
teeth having an active tooth flank (514) and a passive
tooth flank (517), wherein the active tooth flank (514)
of the external spline extends in a helical form in a first
direction, and wherein the passive tooth flank (517) of
the external spline extends only axially and not heli-
cally relative to the main shaft (50); and

a pinion (60) sleeved on the main shaft (50), wherein the

pinion (60) includes an internal spline that mates with
the external spline of the main shaft (50), wherein the
internal spline has teeth having an active tooth flank
(622) and a passive tooth flank (623), wherein the
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passive tooth flank (623) of the internal spline extends
in a helical form in the first direction, and wherein the
active tooth flank (622) of the internal spline extends
only axially and not helically relative to the main shaft
(50).

2. The engaging device according to claim 1,

wherein the active tooth flank (514) of the external spline
applies a first acting force on the pinion (60) when the
active tooth flank (514) of the external spline is in
contact with the passive tooth flank (623) of the internal
spline and when the main shaft (50) is rotating,

wherein the first acting force has a circumferential com-
ponent and an axial component directed toward the
limit position,

wherein the passive tooth flank (517) of the external
spline applies a second acting force on the pinion (60)
when the active tooth flank (622) of the internal spline
is in contact with the passive tooth flank (517) of the
external spline and when the main shaft (50) is rotating,
and

wherein the second acting force has no axial component
directed away from the limit position.

3. The engaging device according to claim 1, character-
ized in that, the external spline of the main shaft (50) and the
internal spline of the pinion (60) form a clearance fit
therebetween, an elastically predeformed elastic element
(516) is mounted between the main shaft (50) and the pinion
(60), the predeformed elastic element (516) applies an
elastic force in a direction toward a limit position of the
pinion (60) on the main shaft (50).

4. The engaging device according to claim 1, character-
ized in that, the external spline of the main shaft (50)
comprises a first external spline (511) and a second external
spline (512), the active tooth flank (514) of the external
spline is provided on the first external spline (511), and the
passive tooth flank (517) of the external spline is provided
on the second external spline (512); and

the internal spline of the pinion (60) comprises a first
internal spline (621), the first internal spline (621) is a
helical spline, the active tooth flank (622) of the inter-
nal spline is provided on the teeth of the first internal
spline (621) located corresponding to the second exter-
nal spline (512).

5. The engaging device according to claim 4, character-
ized in that, the active tooth flank (622) of the internal spline
is a chamfer on the first internal spline (621), a surface where
the chamfer lies is parallel to a surface of the passive tooth
flank (517) of the second external spline (512).

6. The engaging device according to claim 4, character-
ized in that, the first external spline (511) and the second
external spline (512) are arranged separately.

7. The engaging device according to claim 4, character-
ized in that,

a clearance exists between the second external spline
(512) and the first internal spline (621) when the active
tooth flank (514) of the external spline contacts the
tooth flank of the first internal spline (621); and

a clearance exists between the first internal spline (621)
and the first external spline (511) when the active tooth
flank (622) of the internal spline contacts the second
external spline (512).

8. The engaging device according to claim 4, character-
ized in that, the first external spline (511) and the second
external spline (512) are made integrally.

9. The engaging device according to claim 1, character-
ized in that, the main shaft (50) has a snap ring (515)
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mounted thereon, which snap ring (515) abuts the pinion
(60) to define a limit position of the pinion (60).
10. The engaging device according to claim 9, character-
ized in that, the snap ring (515) is mounted on the external
spline of the main shaft (50).
11. A starter, comprising,
an electric motor;
a speed reducer connected with the electric motor;
an overrunning clutch comprising a driving piece con-
nected with the speed reducer and a driven piece; and

an engaging device according to claim 1, the main shaft
of the engaging device being connected with the driven
piece of the overrunning clutch.

12. The starter according to claim 11, characterized in
that, the external spline of the main shaft (50) and the
internal spline of the pinion (60) form a clearance fit
therebetween, an elastically predeformed elastic element
(516) is mounted between the main shaft (50) and the pinion
(60), the predeformed elastic element (516) applies an
elastic force in a direction toward a limit position of the
pinion (60) on the main shaft (50).

13. The starter according to claim 11, characterized in
that, the external spline of the main shaft (50) comprises a
first external spline (511) and a second external spline (512),
the active tooth flank (514) of the external spline is provided
on the first external spline (511), and the passive tooth flank
(517) of the external spline is provided on the second
external spline (512); and

the internal spline of the pinion (60) comprises a first

internal spline (621), the first internal spline (621) is a
helical spline, the active tooth flank (622) of the inter-

10

15

20

30

12

nal spline is provided on the teeth of the first internal
spline (621) located corresponding to the second exter-
nal spline (512).

14. The starter according to claim 13, characterized in
that, the active tooth flank (622) of the internal spline is a
chamfer on the first internal spline (621), a surface where the
chamfer lies is parallel to a surface of the passive tooth flank
(517) of the second external spline (512).

15. The starter according to claim 13, characterized in
that, the first external spline (511) and the second external
spline (512) are arranged separately.

16. The starter according to claim 13, characterized in
that, a clearance exists between the second external spline
(512) and the first internal spline (621) when the active tooth
flank (514) of the external spline contacts the tooth flank of
the first internal spline (621); and

a clearance exists between the first internal spline (621)

and the first external spline (511) when the active tooth
flank (622) of the internal spline contacts the second
external spline (512).

17. The starter according to claim 13, characterized in
that, the first external spline (511) and the second external
spline (512) are made integrally.

18. The starter according to claim 11, characterized in
that, the main shaft (50) has a snap ring (515) mounted
thereon, which snap ring (515) abuts the pinion (60) to
define a limit position of the pinion (60).

19. The starter according to claim 18, characterized in
that, the snap ring (515) is mounted on the external spline of
the main shaft (50).



