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(54) STARTER AND SOLENOID SWITCH THEREOF

(57) A solenoid switch for a starter comprising: a
switch cover (50) comprising a mounting hole (52, 54,
56) for mounting an exhaust assembly (20), and com-
prising a first side (50a) facing the inside of the solenoid
switch and an opposite second side (50b), and an ex-
haust assembly (20) mounted in the mounting hole (52,
54, 56), the exhaust assembly comprising an air perme-
able element (40) and a plug (30) made of an elastic
material, and the plug comprising an exhaust hole (35)
through which air in the solenoid switch is discharged out
in a direction from the first side (50a) to the second side
(50b), and the air permeable element (40) covering the
exhaust hole, wherein the plug (30) comprises a first por-

tion (32) proximate to the first side (50a) and a second
portion (34) with a reduced cross-sectional dimension
with a first step formed between the first portion and the
second portion, and the mounting hole comprises a first
hole segment (54) adapted to receive the second portion
(34) and a first step at a first side of the first hole segment,
and wherein the second portion (34) of the plug and the
first hole segment (54) of the mounting hole form an in-
terference fit therebetween, and the first step of the plug
cooperates with the first step of the mounting hole at a
first side of the first hole segment to form a stop for pre-
venting the exhaust assembly from being pushed out of
the mounting hole by the air in the solenoid switch.
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Description

Technical Field

[0001] The disclosure relates to a solenoid switch for
a starter and the starter comprising the solenoid switch.

Background Art

[0002] In general, operation of a vehicle engine begins
with the starting action of its starter. The starter mainly
comprises a DC motor, a solenoid switch, and a one-way
clutch. On one hand, the solenoid switch is configured
for causing the one-way clutch to slide forward along a
driving shaft to mesh with a disk wheel of the engine
according to an instruction received from an ignition
switch. On the other hand, the solenoid switch is config-
ured for switching on/off power supply for the DC motor.
[0003] In some applications, it is required that the so-
lenoid switch shall be completely closed. For the closed-
type solenoid switch, the air pressure in the solenoid
switch increases gradually because the air in the solenoid
switch can not be discharged out, especially when the
starter is located in a high temperature condition. The
high air pressure in the solenoid switch may cause mag-
netic contact failure of the solenoid switch.
[0004] Providing an exhaust valve on a switch cover
of the solenoid switch is common technical means cur-
rently to solve the above problem, and the provision of
the exhaust valve achieves an object of allowing only air
to permeate and prohibiting water and other materials to
permeate.
[0005] Figure 1 shows an exhaust valve in the prior art.
The exhaust valve 10 is assembled in a mounting hole
17 which is formed in a switch cover 15, and is assembled
in a hole segment 17a of the mounting hole 17 which has
a larger diameter, a hole segment 17b of the mounting
hole 17 having a smaller diameter functioning to position
the exhaust valve 10 axially.
[0006] The exhaust valve 10 comprises a rubber ele-
ment 12 and an air permeable film 14. The rubber ele-
ment 12 has a cylindrical shape and is provided at its
outer circumferential surface with teeth 16 protruding out-
wards from the outer circumferential surface. Corre-
spondingly, the hole segment 17a of the mounting hole
17 having the larger diameter is provided at its inner cir-
cumferential surface with teeth 19 protruding inwards.
The teeth 19 have an innermost dimension "d" slightly
larger than an outer diameter of the outer circumferential
surface of the rubber element 12, and the teeth 16 have
an outermost dimension "D" larger than an inner diameter
of the hole segment 17a of the mounting hole 17 having
the larger diameter. When the exhaust valve 10 is as-
sembled into the hole segment 17a of the mounting hole
17 having the larger diameter, the teeth 16 on the outer
circumferential surface of the rubber element 12 are po-
sitioned between the adjacent teeth 19 and are deformed
elasticity by an inner wall of the hole segment 17a of the

mounting hole 17 having the larger diameter, forming an
interference fit.
[0007] The air permeable film 14 is glued to the rubber
element 12, and is sandwiched between the rubber ele-
ment 12 and a shoulder of the mounting hole 17 once
the exhaust valve 10 has been assembled into position.
Thus, air in the solenoid switch is discharged out of the
solenoid switch through the air permeable film 14 and
through an exhaust hole in the rubber element 12.
[0008] However, in the exhaust valve 10, the teeth 19
in the mounting hole 17 of the switch cover 15 are de-
signed to protrude inwards from an inner surface of the
mounting hole 17, which is difficult to machine and caus-
es a high cost. More importantly, this can not be achieved
by domestic manufacturers and suppliers. Moreover, the
fixation of the exhaust valve in the mounting hole 17 is
not reliable, especially after a long-time service. It is likely
that the exhaust valve be pushed out of the switch cover
due to the high air pressure in the solenoid switch, caus-
ing the solenoid switch to be disabled.

Summary of the Invention

[0009] An object of the application is to provide a so-
lenoid switch for a starter with reliable operation and sim-
ple manufacturing process, in which the above problems
are solved.
[0010] To this end, according to the invention, a sole-
noid switch for a starter is provided, which comprises: a
switch cover comprising a mounting hole for mounting
an exhaust assembly, and comprising a first side facing
the inside of the solenoid switch and an opposite second
side, and an exhaust assembly mounted in the mounting
hole, the exhaust assembly comprising an air permeable
element and a plug made of an elastic material, and the
plug comprising an exhaust hole through which air in the
solenoid switch is discharged out in a direction from the
first side to the second side, and the air permeable ele-
ment covering the exhaust hole, wherein the plug com-
prise a first portion proximate to the first side and a second
portion with a reduced cross-sectional dimension with a
first step formed between the first portion and the second
portion, and the mounting hole comprise a first hole seg-
ment adapted to receive the second portion and a first
step at the first side of the first hole segment, and wherein
the second portion of the plug and the first hole segment
of the mounting hole form an interference fit therebe-
tween, and the first step of the plug cooperates with the
first step of the switch cover to form a stop for preventing
the exhaust assembly from being pushed out of the
mounting hole by the air in the solenoid switch.
[0011] According to an alternative embodiment, one or
both of the first portion and the second portion of the plug
are cylindrical.
[0012] According to an alternative embodiment, the
second portion is provided at its outer circumferential sur-
face with teeth which protrude out from the outer circum-
ferential surface, the teeth being deformed elastically by
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an inner circumferential surface of the first hole segment
to form or improve the interference fit when the exhaust
assembly is being assembled into the mounting hole.
[0013] According to an alternative embodiment, the
teeth extend along the entire circumference of the outer
circumferential surface or along a portion of the circum-
ference in a circumferential direction of the outer circum-
ferential surface, or the teeth extend helically, continu-
ously or discretely, on the outer circumferential surface.
[0014] According to an alternative embodiment, the
first hole segment is a through hole.
[0015] According to an alternative embodiment, the so-
lenoid switch further comprises a mounting and position-
ing portion for positioning the exhaust assembly in the
mounting hole, wherein, in particular, the plug further
comprises a third portion proximate to the second side
which has a cross-sectional dimension larger than that
of the second portion, with a second step of the plug
formed between the second portion and the third portion,
and the mounting hole further comprises a second step
at the second side of the first hole segment, the second
step of the plug and the second step of the switch cover
cooperating to form the mounting and positioning portion,
and wherein, preferably, the cross-sectional dimension
of the third portion is smaller than or equal to the cross-
sectional dimension of the first portion.
[0016] According to an alternative embodiment, the
mounting hole further comprises a second hole segment
adapted to receive the first portion of the plug, the first
hole segment and the second hole segment of the mount-
ing hole forming the first step of the switch cover, and/or
the mounting hole further comprises a third hole segment
adapted to receive the third portion of the plug, the first
hole segment and the third hole segment of the mounting
hole forming the second step of the switch cover.
[0017] According to an alternative embodiment, the air
permeable element is attached to an end surface of the
first portion of the plug which is proximate to the first side,
for example, by gluing or by laser welding.
[0018] According to an alternative embodiment, the air
permeable element is permeable to air and unpermeable
to liquid, and preferably, the air permeable element is
configured as an air permeable film or an air permeable
plate.
[0019] The application also provides a starter compris-
ing the solenoid switch.
[0020] With the solenoid switch for the starter accord-
ing to the application, the exhaust assembly comprises
a stop for preventing the exhaust assembly from being
pushed out of the mounting hole in the air discharging
direction by the air in the solenoid switch, in particular in
the form of steps which abut against each other, which
ensures that the exhaust assembly can be fixed securely
in the switch cover of the solenoid switch even if the air
pressure in the solenoid switch is overhigh. Moreover,
the exhaust assembly of the solenoid switch comprises
an air-tight interference fit portion, in particular in the form
of the protruding teeth which are elastically deformable,

which improves the fixation of the exhaust assembly in
the switch cover on one hand, and ensures the air-tight
sealing between the exhaust assembly and the switch
cover on the other hand. Further, the hole segments of
the mounting hole in the switch cover for mounting the
exhaust assembly are through holes, which contributes
to a simple manufacturing process and a low manufac-
turing cost. Therefore, the solenoid switch according to
the application has a simple manufacturing process and
a low manufacturing cost, while the exhaust assembly is
ensured not to be pushed out of the switch cover.

Brief Description of the Drawings

[0021] The above and other features, aspects and ad-
vantages of the application will be more apparent from
the description of a preferred embodiment of the appli-
cation in conjunction with the drawings, in which:

Figure 1 shows an exhaust valve of a solenoid switch
for a starter according to prior art; and

Figure 2 shows an exhaust assembly of a solenoid
switch for a starter according to a preferred embod-
iment of the application.

Detailed Description of Preferred Embodiments

[0022] An exhaust assembly according to a preferred
embodiment of the application will now be described with
reference to Figure 2. The exhaust assembly according
to the application is used in a solenoid switch for a starter,
especially in a solenoid switch for a vehicle starter.
[0023] In Figure 2, an exhaust assembly of a solenoid
switch for a starter is denoted with a reference number
20, and a switch cover 50 of the solenoid switch is also
shown in Figure 2. The switch cover 50 is formed with a
mounting hole for mounting the exhaust assembly 20.
The switch cover 50 comprises a first surface 50a, i.e.,
an inner surface, facing towards internal components of
the solenoid switch, and an opposite second surface 50b,
i.e., an outer surface, facing away from the internal com-
ponents of the solenoid switch.
[0024] The mounting hole for mounting the exhaust as-
sembly 20 comprises three portions: a first hole segment
52 proximate to the first surface 50a of the switch cover
50, a third hole segment 56 proximate to the second sur-
face 50b of the switch cover 50, and a second hole seg-
ment 54 between the first hole segment 52 and the third
hole segment 56, the second hole segment 54 having an
inner diameter smaller than that of the first hole segment
52 and of the third hole segment 56. A first step 63 is
formed between the first hole segment 52 and the second
hole segment 54, and a second step 65 is formed be-
tween the third hole segment 56 and the second hole
segment 54.
[0025] The exhaust assembly 20 mainly comprises a
plug 30 and an air permeable element 40.
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[0026] The plug 30 is made of an elastic material, such
as soft rubber or any other suitable elastic material. The
plug 30 is formed with a through hole 35 which functions
as an exhaust hole of the solenoid switch for discharging
air in the solenoid switch. For example, the through hole
35 is provided as a tapered hole outspreading from the
first surface 50a of the switch cover 50 toward the second
surface 50b of the switch cover 50, for improving the air
discharging effect.
[0027] The air permeable element 40 is attached to an
end surface of the plug 30 proximate to the first surface
50a, such as by gluing or by laser welding or the like.
The air permeable element 40 is permeable to air and
unpermeable to water and other materials. The air per-
meable element 40 can be provided as a film-like member
such as an air permeable film, or a platelike member such
as an air permeable plate, or any other suitable element
having an air permeable function.
[0028] Corresponding to the mounting hole in the
switch cover 50 comprising the three hole segments, the
plug 30 comprises three portions having three different
diameters respectively: a first portion 32 proximate to the
first surface 50a of the switch cover 50 having an outer
diameter smaller than an inner diameter of the first hole
segment 52, a third portion 36 proximate to the second
surface 50b of the switch cover 50 having an outer diam-
eter smaller than an inner diameter of the third hole seg-
ment 56, and a second portion 34 between the first por-
tion 32 and the third portion 36. Likewise, the first portion
32 and the second portion 34 form a first step therebe-
tween, and the third portion 36 and the second portion
34 form a second step therebetween.
[0029] The second portion 34 is provided at its outer
circumferential surface 34a with a plurality of teeth 38
protruding outwards from the outer circumferential sur-
face, the teeth 38 having a maximum outer diameter larg-
er than the inner diameter of the second hole segment
54 of the switch cover 50. Preferably, each of the teeth
38 extends along the entire circumference of the second
portion 34 in a circumferential direction of the second
portion 34 of the plug 30, or each of the teeth 38 com-
prises a plurality of teeth segments which are spaced
uniformly in the circumferential direction of the second
portion 34 of the plug 30. Alternatively, each of the teeth
38 extends helically, continuously or discretely, on the
outer circumferential surface 34a of the second portion
34 of the plug 30. The teeth 38 have a triangular cross-
sectional shape as shown in Figure 2, or alternatively,
have a square, trapezoid, or any other suitable cross-
sectional shape.
[0030] When the plug 30 is to be assembled into the
mounting hole in the switch cover 50, the plug 30 is
pressed into the mounting hole from the side of the first
surface 50a of the switch cover 50. The third portion 36
of the plug 30 passes through the first hole segment 52
and then enters the second hole segment 54 of the
mounting hole in the switch cover 50. Due to the outer
diameter of the third portion 36 of the plug 30 being larger

than the inner diameter of the second hole segment 54
and the maximum outer diameter of the teeth 38 being
larger than the inner diameter of the second hole segment
54, the third portion 36 of the plug 30 and the teeth 38
on the second portion 34 are compressed while pushed
through or pushed in the second hole segment 54. After
passing through the second hole segment 54, the third
portion 36 of the plug 30 recovers its original state under
the elasticity of the material of the plug 30.
[0031] At this time, the second step between the third
portion 36 and the second portion 34 of the plug 30 abuts
the second step 65 of the switch cover 50, which indicates
that the plug 30 has been assembled into position. In
addition, the first step between the first portion 32 and
the second portion 34 of the plug 30 abuts the first the
step 63 of the switch cover 50. During operation, the abut-
ment of the corresponding first steps prevents the plug
30 and the air permeable element 40 attached to the plug
30 from being pushed out of the mounting hole in the
switch cover 50 in an air discharging direction from the
first surface 50a toward the second surface 50b under
an air pressure in the solenoid switch, and thus avoids
failure of the solenoid switch due to disengagement of
the exhaust assembly 20.
[0032] With the exhaust assembly 20 according to the
disclosure, the abutment between the second step of the
plug 30 and the second step 65 of the switch cover 50
achieves the positioning of the plug 30 in the mounting
hole in the switch cover 50, and the abutment between
the first step of the plug 30 and the first step 63 of the
switch cover 50 can ensure that the exhaust assembly
20 will not be pushed out of the through hole in the switch
cover 50 because of the overhigh air pressure in the so-
lenoid switch.
[0033] The fact that the plug 30 is provided on the sec-
ond portion 34 with the teeth 38 which are compressable
and deformable further ensures an interference fit be-
tween the second portion 34 of the plug 30 and the sec-
ond hole segment 54 of the switch cover 50, which ad-
vantageously achieves an air-tight seal between the plug
30 and the switch cover 50, without needing to machine
teeth on an inner surface of the second hole segment 54
of the switch cover 50 to be mated with the teeth 38 on
the second portion 34 of the plug 30 as in the prior art.
This substantially simplifies the manufacture of the switch
cover 50 and accordingly causes a reduced manufactur-
ing cost of the switch cover 50.
[0034] With the abutment of the corresponding first
steps and the interference fit between the second portion
and the second hole segment, it can be ensured that the
exhaust assembly 20 can be assembled securely on the
switch cover, and the design reliability can be improved.
[0035] By providing the above structure on the switch
cover of the closed type solenoid switch, air in the sole-
noid switch can be discharged out timely, and therefore
the risks that the exhaust assembly is pushed out of the
switch cover and thus the solenoid switch is disabled,
due to the air pressure rise in the solenoid switch, are
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avoided.
[0036] It should be noted herein that, while the plug of
the exhaust assembly in the illustrated embodiment of
the invention is shown to comprise three substantially
cylindrical portions, each portion of the plug does not
have to be cylindrical as shown. Instead, a plug which is
made of an elastic material and has other cross-sectional
shape may also provide the same function.
[0037] The solenoid switch for the starter according to
the disclosure provides at least the following advantages:
first, the exhaust assembly comprises a stop for prevent-
ing the exhaust assembly from being pushed out of the
mounting hole in the air discharging direction by the air
in the solenoid switch, in particular in the form of steps
which abut against each other, which ensures that the
exhaust assembly can be fixed securely in the switch
cover of the solenoid switch even if the air pressure in
the solenoid switch is overhigh; second, the exhaust as-
sembly of the solenoid switch comprises an air-tight in-
terference fit portion, in particular in the form of the pro-
truding teeth which are elastically deformable, which im-
proves the fixation of the exhaust assembly in the switch
cover on one hand, and ensures the air-tight sealing be-
tween the exhaust assembly and the switch cover on the
other hand; and third, the hole segments of the mounting
hole in the switch cover for mounting the exhaust assem-
bly are the through holes, which causes a simple manu-
facturing process and a low manufacturing cost.
[0038] To sum up, the solenoid switch according to the
disclosure has a simple manufacturing process and a
low manufacturing cost, the fixation of the exhaust as-
sembly in the switch cover is secure and reliable, and
the exhaust assembly is ensured not to be pushed out
of the switch cover.
[0039] Although only preferred embodiments accord-
ing to the principle of the invention have been described,
it should be understood for a skilled in the art that the
invention is not limited to the embodiments described
above and shown in the drawing. Instead, various mod-
ifications and variants can be made to the embodiments
described above by the skilled in the art without departing
from the spirit or scope of the invention.

Claims

1. A solenoid switch for a starter comprising:

a switch cover comprising a mounting hole for
mounting an exhaust assembly, and comprising
a first side facing the inside of the solenoid switch
and an opposite second side, and
an exhaust assembly mounted in the mounting
hole, the exhaust assembly comprising an air
permeable element and a plug made of an elas-
tic material, and the plug comprising an exhaust
hole through which air in the solenoid switch is
discharged out in a direction from the first side

to the second side, and the air permeable ele-
ment covering the exhaust hole,
wherein the plug comprise a first portion proxi-
mate to the first side and a second portion with
a reduced cross-sectional dimension with a first
step formed between the first portion and the
second portion, and the mounting hole comprise
a first hole segment adapted to receive the sec-
ond portion and a first step at the first side of the
first hole segment, and
wherein the second portion of the plug and the
first hole segment of the mounting hole form an
interference fit therebetween, and the first step
of the plug cooperates with the first step of the
switch cover to form a stop for preventing the
exhaust assembly from being pushed out of the
mounting hole by the air in the solenoid switch.

2. The solenoid switch of claim 1, wherein one or both
of the first portion and the second portion of the plug
are cylindrical.

3. The solenoid switch of claim 1 or 2, wherein the sec-
ond portion is provided at its outer circumferential
surface with teeth which protrude out from the outer
circumferential surface, the teeth being deformed
elastically by an inner circumferential surface of the
first hole segment to form or improve the interference
fit when the exhaust assembly is being assembled
into the mounting hole.

4. The solenoid switch of claim 3, wherein the teeth
extend along the entire circumference of the outer
circumferential surface or along a portion of the cir-
cumference in a circumferential direction of the outer
circumferential surface, or the teeth extend helically,
continuously or discretely, on the outer circumferen-
tial surface.

5. The solenoid switch of any of claims 1-4, wherein
the first hole segment is a through hole.

6. The solenoid switch of any of claims 1-5, further com-
prising a mounting and positioning portion for posi-
tioning the exhaust assembly in the mounting hole,
wherein, in particular, the plug further comprises a
third portion proximate to the second side which has
a cross-sectional dimension larger than that of the
second portion, with a second step of the plug formed
between the second portion and the third portion,
and the mounting hole further comprises a second
step at the second side of the first hole segment, the
second step of the plug and the second step of the
switch cover cooperating to form the mounting and
positioning portion, and wherein, preferably, the
cross-sectional dimension of the third portion is
smaller than or equal to the cross-sectional dimen-
sion of the first portion.
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7. The solenoid switch of claim 6, wherein the mounting
hole further comprises a second hole segment
adapted to receive the first portion of the plug, the
first hole segment and the second hole segment of
the mounting hole forming the first step of the switch
cover, and/or
the mounting hole further comprises a third hole seg-
ment adapted to receive the third portion of the plug,
the first hole segment and the third hole segment of
the mounting hole forming the second step of the
switch cover.

8. The solenoid switch of any of claims 1-7, wherein
the air permeable element is attached to an end sur-
face of the first portion of the plug which is proximate
to the first side, for example, by gluing or by laser
welding.

9. The solenoid switch of any of claims 1-8, wherein
the air permeable element is permeable to air and
unpermeable to liquid, and preferably, the air per-
meable element is configured as an air permeable
film or an air permeable plate.

10. A starter comprising a solenoid switch according to
any of claims 1-9.

9 10 
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