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(54) SOLENOID SWITCH AND VEHICLE STARTER

(57) A vehicle starter and a solenoid switch thereof
are disclosed, the solenoid switch comprising a switch
casing (1); a solenoid core (3) supported by the switch
casing in a manner of being movable in an axial direction;
a boot (7) adapted for sealing between the solenoid core
and the switch casing; and a fixing ring (8) configured to
fix the boot to the switch casing. First axial retention

means ((24) engaged in (18)) is provided between the
boot and switch casing for maintaining the relative axial
position between the boot and switch casing, and second
axial retention means (25) is provided on the boot for
maintaining the relative axial position between the fixing
ring and the boot. Service life of the boot and the fixing
ring can be prolonged.
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Description

Technical Field

[0001] The disclosure relates to a solenoid switch to
be used in a vehicle starter and a vehicle starter com-
prising such a solenoid switch.

Background Art

[0002] A starter of an automotive vehicle generally con-
trols the action of a driving gear with a solenoid switch
so that the driving gear meshes with a mating gear on
an engine flywheel to drive a crankshaft of the engine to
rotate. Figure 1 shows a known solenoid switch which
mainly comprises a switch casing 1, an electromagnetic
coil 2 mounted in the switch casing 1, a solenoid core 3
slidably mounted in the switch casing 1, an actuating bar
4 fixedly carried by the solenoid core 3 and configured
for driving an actuating fork 5 for the driving gear to pivot,
an end cap 6 fixed to the switch casing 1, and a boot 7
mounted between the solenoid core 3 and the switch
casing 1, the boot 7 being generally made of rubber, for
preventing water and other extraneous matters from en-
tering into the switch casing 1.
[0003] A front portion of the boot 7 is clamped against
a front portion of the solenoid core 3, a back portion of
the boot 7 is clamped by a fixing ring 8 to a projected
tubular portion 9 formed on a front end of the switch cas-
ing 1, and the fixing ring 8 itself is restricted by the end
cap 6. As shown in Figure 2, the end cap 6 comprises
several mounting portions 10 through which screws are
inserted for fixing the end cap 6 to the switch casing 1.
Each mounting portion 10 is in the form of a partial cyl-
inder, with an inner side being opened to form a pair of
opposing edges. Each edge has been cut away at its
back end to form a step 11, and these steps support a
back end of the fixing ring 8 to restrict the position of the
fixing ring 8 in an axial direction.
[0004] In this solenoid switch, the steps 11 on the end
cap 6 can provide only a small supporting area to the
fixing ring 8, so the fixing ring 8 is prone to be damaged.
In addition, the requirement on the concentricity between
the end cap 6 and the switch casing 1 is relatively high,
because otherwise the end cap 6 may compress the boot
7 via the fixing ring 8 with different compression forces
at different locations so the boot 7 may be damaged after
a certain time of operation.

Summary of the Disclosure

[0005] An object of the disclosure is to solve the prob-
lem that service life of the boot and its fixing ring in the
vehicle starter according to the prior art is short.
[0006] For this end, according to one aspect of the dis-
closure, there provides a solenoid switch to be used in a
vehicle starter, which comprises a switch casing, a sole-
noid core supported by the switch casing in a manner of

being movable in an axial direction, a boot adapted for
sealing between the solenoid core and the switch casing,
and a fixing ring configured to fix the boot to the switch
casing; wherein first axial retention means is provided
between the boot and switch casing for maintaining the
relative axial position between the boot and switch cas-
ing, and second axial retention means is provided on the
boot for maintaining the relative axial position between
the fixing ring and the boot.
[0007] According to a possible embodiment, the first
axial retention means comprises a protrusion and/or re-
cess formed on one of the boot and the switch casing
and a mating recess and/or protrusion formed on the oth-
er one of the boot and the switch casing.
[0008] According to a possible embodiment, the switch
casing comprises a main body and a projected tubular
portion projected forwards from the main body, a back
portion of the boot being clamped to the projected tubular
portion by the fixing ring, and the first axial retention
means being formed on the back portion of the boot and
the projected tubular portion.
[0009] According to a possible embodiment, the pro-
trusion is in the form of a ring-like protrusion, and the
recess is in the form of a ring-like recess mating with the
ring-like protrusion.
[0010] The ring-like protrusion and the ring-like recess
each preferably has a rectangular, hook-like or dovetail-
like cross section.
[0011] According to a possible embodiment, the sec-
ond axial retention means comprises a step formed on
an outer periphery of the boot.
[0012] The step is preferably in the shape of a circular
ring extending around the outer periphery of the boot.
[0013] According to a possible embodiment, the fixing
ring is in the form of a complete circular ring. Such a fixing
ring is formed preferably of an elastic material such as
rubber.
[0014] Alternatively, the fixing ring is in the form of a
split ring. Such a fixing ring preferably comprises a self-
locking structure or is provided with a locking member
for locking it.
[0015] According to a possible embodiment, a front
portion of the boot is slidably fitted around the solenoid
core in a sealing manner.
[0016] According to a possible embodiment, with the
front portion of it being fixed to the solenoid core and
being movable together with the solenoid core.
[0017] According to a possible embodiment, the front
portion of the solenoid core comprises a protruding por-
tion, and the front portion of the boot forms a front end
portion which extends radially inwards, the front end por-
tion being mounted around the protruding portion and
being fastened to a main portion of the solenoid core by
a fastening element.
[0018] According to a possible embodiment, the front
end portion of the boot is formed with an elastic protrusion
facing towards the main portion of the solenoid core, the
elastic protrusion being elastically deformed in a state of
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being compressed against the main portion of the sole-
noid core by the fastening element. For example, the
elastic protrusion is in the form of a circular ring, which
may comprise two or more concentric circular rings.
[0019] According to another aspect of the disclosure,
there provides the vehicle starter which comprises a so-
lenoid switch as described above for controlling the start
of a vehicle engine.
[0020] According to the disclosure, the boot is mounted
to the switch casing by means of the fixing ring, the boot
itself is provided with a retention structure for the fixing
ring, so the position of the fixing ring is restricted without
needing the help of the end cap. In this way, the boot and
the fixing ring are not damaged under the action of the
end cap as in the prior art, so the service life of the boot
and the fixing ring can be prolonged.

Brief Description of the Drawings

[0021]

Figure 1 is a partial sectional view of a solenoid
switch of a vehicle starter according to prior art.

Figure 2 is a partial perspective view of an end cap
of the solenoid switch shown in Figure 1.

Figure 3 is a partial sectional view of the solenoid
switch of the vehicle starter according to the disclo-
sure.

Figure 4 is a partial sectional view of a switch casing
of the solenoid switch shown in Figure 3.

Figure 5 is a sectional view of a boot of the solenoid
switch shown in Figure 3.

Figure 6 is a sectional view of a fixing ring of the
solenoid switch shown in Figure 3.

Figures 7-9 are side views of some possible embod-
iments of the fixing ring shown in Figure 6.

Detailed Description of Preferred Embodiments

[0022] Now some preferred embodiments of the dis-
closure will be described with reference to the drawings.
It is noted that the drawings are presented for explaining
the theory of the disclosure only and thus are not drawn
in scale.
[0023] First, a solenoid switch of a vehicle starter of
the disclosure will be described using Figure 3. It is noted
that, when describing the solenoid switch of the disclo-
sure, the term "front" related with orientation refers to the
side proximal to the vehicle engine, and "back" refers to
the side distal from the vehicle engine.
[0024] As sown in Figure 3, the solenoid switch of the
disclosure comprises a switch casing 1 for mounting

functional components of the solenoid switch. With ref-
erence to Figure 4, the switch casing 1 has a substantially
cylindrical main body 15, and the main body comprises
a front end wall 16. The switch casing 1 further has a
projected tubular portion 9, in the form of a substantially
circular tube, projected forwards from the front end wall
16, the projected tubular portion 9 being coaxial with the
main body 15. The front end wall 16 and the projected
tubular portion 9 define a through hole 17 therein, the
through hole 17 extending axially from a front end surface
of the projected tubular portion 9 and opened into an
internal space defined in the main body 15. Further, the
projected tubular portion 9 is formed with a ring-like re-
cess 18 which is recessed radially inwards from the outer
periphery of the projected tubular portion 9.
[0025] The electromagnetic coil 2 is fixedly mounted
in the main body 15. When energized, the electromag-
netic coil 2 generates a magnetic field.
[0026] The solenoid core 3 is disposed in the through
hole 17, and is slidable relative to the switch casing 1 in
the axial direction. Under the action of the magnetic field
generated by the electromagnetic coil 2, the solenoid
core 3 slides axially backwards (to the right in Figure 3).
When the electromagnetic coil 2 is deenergized and the
magnetic field disappears, the solenoid core 3 slides ax-
ially forwards (to the left in Figure 3) to its home position
under the action of a return spring (the compression
spring 19 shown in Figure 3 or the like).
[0027] A substantially cylindrical sleeve 11 made of a
nonmagnetic material (for example, brass) is mounted in
the switch casing 1, the sleeve 11 having a front end
inserted in the through hole 17 and a back end extending
into the internal space in the main body 15. The sleeve
11 provides support and guidance to the solenoid core
3, without interfering with the magnetic field generated
by the electromagnetic coil 2.
[0028] An actuating bar 4 is fixedly carried in the sole-
noid core 3, the actuating bar 4 being configured to dive
an actuating fork (not shown) for a driving gear to pivot
so as to engage/disengage the driving gear with/from the
a mating gear on an engine flywheel. The solenoid core
3 has a main portion and a substantially cylindrical pro-
truding portion 12 extending forwards from a front end
surface of the main portion. The actuating bar 4 may be
fixed in the solenoid core 3 by performing a crimping op-
eration performed on the protruding portion 12.
[0029] The boot 7 is mounted between the solenoid
core 3 and the switch casing 1 to form sealing between
them to prevent water and other extraneous matters from
entering into the switch casing 1. The boot 7 is generally
made of rubber or other elastic materials.
[0030] As shown in Figures 3 and 5, the boot 7 is an
integrally formed single piece, which mainly comprises
a substantially truncated cone shaped tube portion 20, a
front end portion 22 extending radially inwards from a
front end of the tube portion 20, and a clamped portion
21 extending backwards from a back end of the tube
portion 20 in the axial direction.
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[0031] The front end of the tube portion 20 has a small-
er diameter than the back end of the tube portion 20. In
addition, the tube portion 20 is formed to be elastically
deformable so that it can be compressed in the axial di-
rection. For example, the tube portion 20 may be formed
to have a form of a bellow.
[0032] The clamped portion 21 is in the form of a sub-
stantially circular tube, having an inner diameter substan-
tially equal to or slightly smaller than the outer diameter
of the projected tubular portion 9. The clamped portion
21 comprises a ring-like protrusion 24 protruding radially
inwards from the inner periphery of the ring-like protru-
sion 24, the shape and dimensions of ring-like protrusion
24 corresponding to that of the ring-like recess 18 on the
projected tubular portion 9.
[0033] The front end portion 22 has a substantially disk
like shape, and comprises a central hole to be passed
through by the protruding portion 12. Further, an elastic
protrusion 23 is formed on a back surface of the front end
portion 22 and protrudes backwards. The elastic protru-
sion 23 is preferably in the form of a circular ring like
protrusion, and, for example, may comprise two or more
protrusions in the form of concentric circular rings.
[0034] A front portion of the boot 7 is clamped against
a front portion of the solenoid core 3. Specifically, the
protruding portion 12 of the solenoid core 3 extends
through the central hole of the front end portion 22, and
a stop ring 13 is mounted around the protruding portion
12 and pushes the front end portion 22 in the axially back-
ward direction, so that the protrusion 23 is biased against
the front end surface of the main portion of the solenoid
core 3 to be elastically compressively deformed. In this
state, a fastener, such as an elastic clamping ring 14
which clamps into a clamping groove on the protruding
portion 12, is used for locking the stop ring 13 to the
protruding portion 12, thereby the front end portion 22 of
the boot 7 is clamped against the front end surface of the
main portion of the solenoid core 3, and thus seals the
front end surface of the main portion of the solenoid core
3 under the action of the elastic deformation of the pro-
trusion 23 and/or of other portions of the front end portion
22. In this way, the front end portion 22 is movable axially
together with the solenoid core 3, while the axial move-
ment of the solenoid core 3 is not impeded by the boot
7 due to the elastically deforming ability of the tube portion
20. Meanwhile, the sealing between the solenoid core 3
and the switch casing 1 can be always maintained, no
matter what axial position the solenoid core 3 is at.
[0035] The back portion of the boot 7 is clamped onto
the projected tubular portion 9 by a fixing ring 8. Specif-
ically, the clamped portion 21 is fixed around the project-
ed tubular portion 9. On this point, it is appreciated that
the clamped portion 21 having an inner diameter slightly
smaller than the outer diameter of the projected tubular
portion 9 is advantageous, since the clamped portion 21
may clamp tightly around the projected tubular portion 9
in the slight expansion state of the clamped portion 21.
[0036] Further, the ring-like protrusion 24 of the

clamped portion 21 is engaged in the ring-like recess 18
of the projected tubular portion 9 to prevent the clamped
portion 21 from moving axially forwards and disengaged
from the projected tubular portion 9. In this manner, the
mating structure of the ring-like protrusion 24 and the
ring-like recess 18 forms axial retention means for re-
stricting the clamped portion 21 with respect to the pro-
jected tubular portion 9 (i.e., restricting the boot 7 with
respect to the switch casing 1).
[0037] The axial location of the ring-like protrusion 24
on the clamped portion 21 is designed such that, when
the ring-like protrusion 24 is engaged in the ring-like re-
cess 18, the back end of the clamped portion 21 is near
the front end surface of the main body 15 of the switch
casing 1.
[0038] The cross sectional shape of the ring-like pro-
trusion 24/the ring-like recess 18 is designed to contrib-
ute to axial restriction. For example, the cross sectional
shape may be rectangular as illustrated, or may be hook-
like or dovetail-like or any other shapes that help the mat-
ing or engagement of the projected tubular portion 9 with
the ring-like recess 18 for achieving axial locking.
[0039] Further, the ring-like protrusion 24/the ring-like
recess 18 may comprise several protrusions/recesses,
and there is no limitation to the number of the protru-
sion(s)/recess(es), which can be determined according
to the size and strength of concrete structures.
[0040] Further, the locations of the ring-like protrusion
24/the ring-like recess 18 is not limited to the illustrated
one. According to the spirit of the disclosure, one of the
clamped portion 21 and the projected tubular portion 9
may be provided with the ring-like protrusion 24 and/or
the ring-like recess 18, and the other one may be provid-
ed with the ring-like recess 18 and/or the ring-like protru-
sion 24.
[0041] A step 25 which projects radially outwards is
formed on the transition portion between the tube portion
20 and the clamped portion 21. The step 25 is preferably
in the form of a complete circular ring extending along
the outer periphery of the transition portion between the
tube portion 20 and the clamped portion 21, although it
may alternatively be discrete, for example, it may com-
prise a plurality of arc segments distributed along the
outer periphery of the transition portion. A back end sur-
face of the step 25 is preferably perpendicular to the cen-
tral axis of the boot 7. Further, the height of the step 25,
by which the step 25 protrudes radially outwards from
the outer periphery of the transition portion, is preferably
approximate to, but slightly smaller than, the radial thick-
ness of the fixing ring 8.
[0042] As shown in Figure 6, the fixing ring 8 has a
certain axial width which corresponds to the axial dis-
tance between the back end surface of the step 25 and
the back end of the clamped portion 21. In this way, once
the clamped portion 21 is assembled to the projected
tubular portion 9 as shown in Figure 3, the fixing ring 8
may be mounted around the clamped portion 21 between
the back end surface of the step 25 and the front end

5 6 



EP 3 021 343 A1

5

5

10

15

20

25

30

35

40

45

50

55

surface of the main body 15, with little axial clearance.
[0043] Further, the fixing ring 8, in use, has an inner
diameter substantially equal to, but preferably smaller
than, the normal outer diameter of the clamped portion
21. In this way, the clamped portion 21 is fixed radially
relative to the projected tubular portion 9 by the fixing
ring 8.
[0044] Considering the elasticity of the clamped por-
tion 21, it is preferable that the fixing ring 8 has an inner
diameter in use smaller than the normal outer diameter
of the clamped portion 21, because in this condition the
clamped portion 21 may be elastically compressively de-
formed under the radial compressive force of the fixing
ring 8 to clamp further tightly around the projected tubular
portion 9.
[0045] In the state that the fixing ring 8 surrounds the
clamped portion 21, the step 25 prevents the fixing ring
8 from moving forwards to be detached from the clamped
portion 21. Thus, the step 25 forms axial retention means
for restricting the fixing ring 8 with respect to the clamped
portion 21 (i.e., with respect to the boot 7). It can be un-
derstood that the step 25 may be in various suitable forms
and may have various cross sectional shapes, only if it
can prevent the fixing ring 8 from detached in the axial
direction.
[0046] The fixing ring 8 itself may also be in various
suitable forms. For example, Figure 7 shows a fixing ring
8 in the form of a complete circular ring. Such a fixing
ring 8 can be made of an elastic material, such as rubber,
so that the fixing ring 8 may be expanded and put around
the clamped portion 21, and then shrinks to constrict the
clamped portion 21 tightly with a sufficient radial com-
pressive force.
[0047] Figure 8 shows a spring type fixing ring 8 in the
form of a split ring having an opening 30 therein, the fixing
ring 8 being formed of a material that has sufficient rigidity
and resiliency, for example, steel. Thus, the opening 30
can be expanded so that the fixing ring 8 can be put onto
the clamped portion 21, and then the opening 30 is re-
leased to reduce its size so that the fixing ring 8 constricts
the clamped portion 21 tightly.
[0048] Figure 9 shows a split type fixing ring 8 having
a self-locking structure at its opening, the fixing ring 8
having two free ends that may be separated from each
other/locked together. In the state that the two free ends
are separated from each other, the fixing ring 8 may be
put onto the clamped portion 21, and then the two free
ends are locked together so that the fixing ring 8 con-
stricts the clamped portion 21 tightly. In the embodiment
shown in Figure 9, the self-locking structure comprises
a locking tooth 31 formed on each of the two free ends.
The locking tooth 31 on each free end may comprise a
plurality of teeth so that the inner diameter of the fixing
ring 8 or the compressive force applied onto the clamped
portion 21 is adjustable. Other types of self-locking struc-
ture may also be used here.
[0049] In an embodiment which is not shown, the split
type fixing ring 8 may be provided with a locking member,

such as a screw type or snap type locking member, for
fastening the fixing ring 8.
[0050] Other types of the fixing ring can be conceived
by those skilled in the art under the spirit of the disclosure.
[0051] It is appreciated that, according to the spirit of
the disclosure, the front portion of the switch casing 1
may alternatively be constructed in other forms than the
projected tubular portion 9, and the front portion of the
solenoid core 3 may alternatively be constructed in other
forms than the protruding portion 12, only if the boot 7
can be assembled in a sealing manner between the
switch casing 1 and the solenoid core 3 in a manner like
that described above.
[0052] It is also appreciated that it is not necessary to
fix the front end of the boot 7 to the front portion of the
solenoid core 3. For example, the front end of the boot
7 may alternatively be designed to be slidable in a sealing
manner on the solenoid core 3 (for example, slidable on
the main portion or the protruding portion 12 of the sole-
noid core). In this condition, the front end portion 22 may
be adapted to be slidably fitted around a corresponding
portion of the solenoid core 3 (rather than be fixed in the
manner described above), and the ability of axial com-
pression by elastic deforming of the tube portion 20 may
be omitted in this case.
[0053] It is noted that the solenoid switch of the disclo-
sure comprises also an end cap (not shown) fixed to the
switch casing 1 as in the prior art, but the end cap does
not involve in the assembling of the boot 7, and thus the
end cap does not contact with or act on the boot 7 or the
fixing ring 8. In this way, neither the boot 7 nor the fixing
ring 8 will be damaged under the action of the end cap,
so the service life of the boot 7 and the fixing ring 8 can
be prolonged.
[0054] In addition, due to the fact that the boot 7 is
assembled without the participation of the end cap, the
requirement on the concentricity between the end cap
and the switch casing 1 can be lowered down, which
renders the assembling of the end cap easier.
[0055] Although the disclosure has been described
with reference to particular embodiments, the scope of
the disclosure is not limited to the illustrated and de-
scribed details, and various modifications to these details
may be made without departing from the spirit of the dis-
closure.

Claims

1. A solenoid switch to be used in a vehicle starter,
comprising:

a switch casing (1);
a solenoid core (3) supported by the switch cas-
ing in a manner of being movable in an axial
direction;
a boot (7) adapted for sealing between the so-
lenoid core and the switch casing; and
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a fixing ring (8) configured to fix the boot to the
switch casing;
wherein first axial retention means is provided
between the boot and switch casing for main-
taining the relative axial position between the
boot and switch casing; and
wherein second axial retention means is provid-
ed on the boot for maintaining the relative axial
position between the fixing ring and the boot.

2. The solenoid switch of claim 1, wherein the first axial
retention means comprises a protrusion and/or re-
cess formed on one of the boot and the switch casing
and a mating recess and/or protrusion formed on the
other one of the boot and the switch casing.

3. The solenoid switch of claim 2, wherein the switch
casing comprises a main body and a projected tu-
bular portion projected forwards from the main body,
a back portion of the boot being clamped to the pro-
jected tubular portion by the fixing ring, and the first
axial retention means being formed on the back por-
tion of the boot and the projected tubular portion.

4. The solenoid switch of claim 3, wherein the protru-
sion is in the form of a ring-like protrusion, and the
recess is in the form of a ring-like recess mating with
the ring-like protrusion, the ring-like protrusion and
the ring-like recess each preferably having a rectan-
gular, hook-like or dovetail-like cross section.

5. The solenoid switch of any one of claims 1 to 4,
wherein the second axial retention means comprises
a step (25) formed on an outer periphery of the boot,
the step being preferably in the shape of a circular
ring extending around the outer periphery of the boot.

6. The solenoid switch of any one of claims 1 to 5,
wherein the fixing ring is in the form of a complete
circular ring, and is formed preferably of an elastic
material such as rubber; or
the fixing ring is in the form of a split ring, and pref-
erably comprises a self-locking structure or is pro-
vided with a locking member for locking it.

7. The solenoid switch of any one of claims 1 to 6,
wherein a front portion of the boot is slidably fitted
around the solenoid core in a sealing manner; or
the boot is elastically deformable, with the front por-
tion of it being fixed to the solenoid core and being
movable together with the solenoid core.

8. The solenoid switch of claim 7, wherein the front por-
tion of the solenoid core comprises a protruding por-
tion (12), and the front portion of the boot forms a
front end portion (22) which extends radially inwards,
the front end portion being mounted around the pro-
truding portion and being fastened to a main portion

of the solenoid core by a fastening element.

9. The solenoid switch of claim 8, wherein the front end
portion of the boot is formed with an elastic protrusion
facing towards the main portion of the solenoid core,
the elastic protrusion being, for example, a protru-
sion in the form of a circular ring, which may com-
prises two or more concentric circular rings, and the
elastic protrusion being elastically deformed in a
state of being compressed against the main portion
of the solenoid core by the fastening element.

10. A vehicle starter comprising a solenoid switch ac-
cording to any one of claims 1 to 9 for controlling the
start of a vehicle engine.
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