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ENGINE

(67) A method for manufacturing a solenoid switch
of a vehicle starter, comprising: arranging within a hous-
ing (2) a fixed core (4) and a movable core (6) having a
single-piece-type push rod (30), arranging a elastic ele-
ment (22) onto the push rod, arranging a contact bridge
(14) at the rear end of the push rod, allowing the push
rod to move rearwards until detecting that an initial elec-
tric connection state is established between two contact
studs (10) via the contact bridge, allowing the push rod
to move further rearwards for a reserved stroke, then, in
a state that the movable core is kept abutted against the
fixed core, fixing the movable core onto the push rod,
and processing the front end of the push rod into an en-
gagement window (40a) used for inserting therein the
upper end of a shift fork. Also, the solenoid switch man-
ufactured on the basis of the method and the vehicle
starter comprising such solenoid switch. Employment of
the method in manufacturing of the solenoid switch al-
lows for reductions in reserved stroke tolerance, in posi-
tioning tolerance, and in engagement window size, thus
increasing the positioning precision of a drive gear.
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Description
Technical Field

[0001] The invention relates to a solenoid switch used
in a vehicle starter, a method for manufacturing the so-
lenoid switch, and a vehicle starter comprising the sole-
noid switch.

Background Art

[0002] A starter of a vehicle generally comprises a DC
electric motor, a transmission mechanism, a control
mechanism, and the like. In the starting procedure of the
vehicle engine, the electric motor generates a rotational
torque which is transmitted to a gear ring on a flywheel
of the engine via a driving gear or pinion of the transmis-
sion mechanism to drive a crank shaft of the engine to
rotate.

[0003] The control mechanism controls the ON/OFF
state of an electric circuit of the starter, and controls the
engagement and disengagement between the driving
gear and the gear ring. Nowadays, a solenoid switch is
generally used as the control mechanism of the starter.
Figure 1 is a schematic view of the structure of a current
solenoid switch of the starter. The solenoid switch mainly
comprises a fixed core 4 and a winding assembly 6, both
fixedly mounted in a housing 2, two contact studs 10 car-
ried by a cap 8 which is fixed to the housing 2, a movable
core 16 axially movable in the inner side of the winding
assembly 6, and pushrods 12 and 18 fixed to the movable
core 16, wherein a contact bridge 14 is mounted to a
back end of the pushrod 12, and an engagement window
to be engaged with a pinion-engaging lever 9 is formed
in a front end of the push rod 18.

[0004] Whenadriverstarts the vehicle using anignition
key, an electro-magnetic force is generated in the mov-
able core 16 by the winding assembly 6 so that the mov-
able core 16 moves backwards towards the fixed core 4.
As a result, the contact bridge 14 is moved by the push
rod 12 to a position in contact with the two contact studs
10 to electrically connect the two contact studs with each
other, so that a main circuit of the electric motor is
switched on to drive the electric motor to rotate. When
the contact bridge 14 comes into contact with two contact
studs 10 and electric connection is established between
the two contact studs 10, the movable core 16 continues
to move towards the fixed core 4 through a small reserve
distance, until it is stopped by the fixed core 4. During
the movement of the movable core, the front end of the
push rod 18 pulls the transmission mechanism via the
pinion-engaging lever 9 so that the driving gear moves
forwards to be engaged with the gear ring on the flywheel
of the engine, thereby the engine is started. By means
ofthereserve distance, the above function ofthe solenoid
switch can be maintained even if the contact portions
between the contact bridge 14 and the two contact studs
10 are burnt off to a certain extent.
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[0005] During the assembling of the solenoid switch
shown in Figure 1, the engagement window is formed in
advance in the front end of the push rod 18, and the push
rods 12 and 18 are assembled in advance to the movable
core 16. Then, the winding assembly 6 and the fixed core
4 are mounted into the housing 2, and the movable core
16, which carries the push rods 12 and 18, is mounted
inside the winding assembly 6. Then, the contact bridge
14 is assembled onto the push rod 12, and finally, the
cap 8 is fixed to the housing 2. In such a solenoid switch,
once the assembling is finished, positional relations be-
tween components of the solenoid switch are fixed and
cannot be adjusted. The tolerance range of the reserve
distance is large since there is a complex dimension
chain from the movable core 16, via the winding assembly
6 and the housing 2, to the cap 8. On the other hand, as
to the positioning precision of the engagement window,
there is also a problem related with lacking adjustability
after the assembling of the solenoid switch as well as a
problem related with the complex dimension chain be-
tween the engagement window and the contact studs 10.
Thus, the tolerance ranges of the dimension and position
of the engagement window are also large.

[0006] The above mentioned two large tolerance rang-
es result in various problems, such as low positioning
precision of the driving gear, etc.

Summary of the Invention

[0007] Anobjectoftheinventionis to solve the problem
of low positioning precision of the driving gear resulted
from the large tolerance ranges of the reserve distance
and the engagement window of the solenoid switch in
the vehicle starter of the prior art.

[0008] For this end, according to an aspect of the in-
vention, there provides a method for manufacturing a so-
lenoid switch for a vehicle starter, comprising the steps of:

(1) fixedly mounting a fixed core into a housing;

(2) mounting a movable core, which carries a single
push rod, into the housing so that the movable core
is able to move back and forth in the housing, the
pushrodbeing slidable back and forth in the movable
core, and the push rod extending through the fixed
core so that a back end of the push rod is exposed
from a back portion of the fixed core;

(3) mounting an elastic member onto the push rod
and mounting a contact bridge onto the back end of
the push rod so that the push rod is able to move
with respect to the contact bridge in a backward di-
rection against an acting force of the elastic member;

(4) moving the push rod backwards until itis detected
that an initial electric connection state is established
between two contact studs, which are disposed be-
hind the contact bridge, via the contact bridge;
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(5) moving the push rod further backwards through
a reserve distance; and

(6) fixing the movable core to the push rod in a state
that the movable core is pushed against the fixed
core.

[0009] In the manufacturing method described above,
the reserve distance may be 0.5 to 1.5 mm, preferably
about 1 mm.

[0010] In the manufacturing method described above,
preferably, the initial electric connection state is detected
by using an electric current sensor, and it is determined
that the initial electric connection state is established be-
tween the two contact studs when the electric current
sensor detects that an electric current flows through the
two contact studs.

[0011] In the manufacturing method described above,
preferably, in step (6), the movable core is fixed to the
push rod by crimping, riveting or welding a portion of the
material of the movable core to the push rod.

[0012] In the manufacturing method described above,
preferably, the portion of the material of the movable core,
which is to be crimped, riveted or welded, is pre-formed
as a cylindrical portion at a front end of the movable core.
[0013] In the manufacturing method described above,
preferably, a portion of push rod, to which the portion of
the material of the movable core is to be crimped or riv-
eted, is formed with a roughened surface, one or more
recesses or one or more protrusions in advance.
preferably, the manufacturing method further comprises
the following step to be conducted after step (6): (7) form-
ing an engagement window in a front end of the push rod
in a state of keeping the movable core biasing against
the fixed core, the engagement window being configured
to be inserted by a front end of a pinion-engaging lever.
[0014] Preferably, the engagement window is formed
by mechanical punching or by laser cutting.

[0015] The invention in another aspect provides a so-
lenoid switch for a vehicle starter comprising: a fixed core;
a movable core adapted to be able to move back and
forth with respect to the fixed core; a pair of contact studs
disposed behind the fixed core; a single push rod carried
by the movable core, the push rod extending through the
fixed core so that a back end of the push rod is exposed
from a back portion of the fixed core; an elastic member
mounted onto the push rod; and a contact bridge mount-
ed to the back end of the push rod and facing towards
the pair of contact studs, the push rod being adapted to
be able to move with respect to the contact bridge in a
backward direction against an acting force of the elastic
member; wherein in a state that, after initial electric con-
nection is established between the two contact studs via
the contact bridge, the push rod is moved backwards
through a reserve distance, and that the movable core
is pushed against the fixed core, the movable core is
fixed to the push rod.

[0016] In the solenoid switch described above, prefer-
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ably, the reserve distance is 0.5 to 1.5 mm, preferably
about 1 mm.

[0017] In the solenoid switch described above, prefer-
ably, a portion of the material of the movable core is at-
tached to the push rod by crimping, riveting or welding.
[0018] In the solenoid switch described above, prefer-
ably, the portion of the material of the movable core,
which is to be crimped, riveted or welded, is in the form
of a cylindrical portion pre-formed at a front end of the
movable core.

[0019] In the solenoid switch described above, prefer-
ably, a portion of push rod, to which the portion of the
material of the movable core is to be crimped or riveted,
is formed with a roughened surface, one or more recess-
es or one or more protrusions in advance.

[0020] In the solenoid switch described above, prefer-
ably, an engagement window is formed in a front end of
the push rod, the engagement window being configured
to be inserted by a front end of a pinion-engaging lever.
[0021] The invention in yet another aspect provides a
vehicle starter which comprises: an electric motor; a
transmission mechanism coupled with an output shaft of
the electric motor; and a solenoid switch described above
for controlling the operations of the electric motor and
the transmission mechanism.

[0022] According to the invention, a single push rod is
used, and the reserve distance is set by further moving
the push rod backwards after the initial electric connec-
tion state between the contact bridge and the two contact
studs has been sensed. Thus, the reserve distance is
not affected by any complex dimension chain, so the tol-
erance of the reserve distance can be reduced.

[0023] In addition, in a state that the push rod further
moves backwards through the small reserve distance af-
ter the initial contact between the contact bridge and the
two contact studs, and that the movable core is kept to
be biased against the fixed core, the push rod and the
movable core are fixed together and the engagement
window is formed. Thus, the tolerance ranges of the di-
mension and position of the engagement window can be
reduced, and the positioning precision of the driving gear
can be improved.

Brief Description of the Drawings

[0024]

Figure 1 is a schematic structural view of a solenoid
switch of a vehicle starter according to the prior art.

Figure 2 is a schematic view showing the structure
and an initial assembly stage of a solenoid switch of
a vehicle starter according to a preferred embodi-
ment of the invention.

Figure 3 is a schematic view showing an intermedi-
ate stage of the solenoid switch shown in



5 EP 2 930 734 A1 6

Figure 2.

Figure 4 is a schematic view showing a final stage
of the solenoid switch shown in Figure 2.

Figure 5 is a schematic view showing a contact
bridge that can be used in the solenoid switch shown
in Figure 2 and the mounting manner thereof

Figure 6 is a schematic view showing the structure
of a solenoid switch of a vehicle starter according to

another preferred embodiment of the invention.

Detailed Description of Preferred Embodiments

[0025] Now some preferred embodiments of the inven-
tion will be described with reference to the drawings.
[0026] Figure 2 shows a solenoid switch used in a ve-
hicle starter according to an embodiment of the invention.
The solenoid switch comprises a housing 2 which has a
substantially cylindrical main body and a diameter-re-
duced portion 2a formed at a front end (left end in Figure
2, or the end facing towards the vehicle engine) of the
main body.

[0027] A fixed core 4 is fixedly mounted in a back por-
tion of the main body of the housing 2. The fixed core 4
comprises a substantially disk like larger-diameter por-
tion fixed in the main body of the housing 2, a substantially
cylindrical smaller-diameter portion protruding forwards
from the larger-diameter portion, and a substantially frus-
to-conical portion protruding forwards from the smaller-
diameter portion. Further, a guiding hole is formed in an
axial direction all the way through the fixed core 4.
[0028] A substantially cylindrical sleeve 32 of a non-
magnetic material (for example, brass) is mounted in the
housing 2, the sleeve 32 having a front end inserted into
the diameter-reduced portion 2a of the housing 2 and a
back end mounted around the smaller-diameter portion
of the fixed core 4. In this way, the sleeve 32 is fixed in
the housing 2.

[0029] A winding assembly 6 is mounted between the
sleeve 32 and the main body of the housing 2 and is
carried by the sleeve 32.

[0030] A movable core 16 is disposed in a substantially
front portion of the sleeve 32 to be moveable axially there-
in. The movable core 16 is substantially cylindrical and
is formed therein from front to back with a mounting
through hole, a spring accommodating socket and a frus-
to-conical accommodating socket, with their diameters
increased in sequence. The substantially frusto-conical
portion of the fixed core 4 is adapted to be inserted in the
frusto-conical accommodating socket of the movable
core 16.

[0031] A single push rod 30 is fixedly carried by the
movable core 16 so as to be able to move axially with
the movable core 16. The push rod 30 has a substantially
cylindrical front larger-diameter segment 30a and a sub-
stantially cylindrical back smaller-diameter segment 30b,
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the two segments being coaxially disposed and being
continued end-to-end. The front larger-diameter seg-
ment 30a has a front portion that is fixed to the mounting
through hole of the movable core 16 and a back portion
that extends in the spring accommodating socket of the
movable core 16. A transition step formed between the
front larger-diameter segment 30a and the back smaller-
diameter segment 30b is arranged in the spring accom-
modating socket of the frusto-conical accommodating
socket.

[0032] The back smaller-diameter segment 30b of the
push rod 30 extends backwards in the axial direction from
the front larger-diameter segment 30a through the guid-
ing hole in the fixed core 4, and a back end of the back
smaller-diameter segment 30b is exposed from a back
end surface of the fixed core 4.

[0033] Afrontend ofthe front larger-diameter segment
30a extends forwards from a front end surface of the
movable core 16, and the front end of the front larger-
diameter segment 30a comprises (for example, is formed
integrally with) a flat head 40. An engagement window
is formed in the flat head so that an upper end of a pinion-
engaging lever (not shown) can be inserted therein. The
pinion-engaging lever is pivotably supported at its sub-
stantially middle portion, and a lower end of the pinion-
engaging lever is coupled with a transmission mecha-
nism. In this way, when the push rod 30 moves back-
wards (to the right in Figure 2) in the axial direction, the
transmission mechanism is moved forwards in the axial
direction by the pinion-engaging lever so that a driving
gear or pinion of the transmission mechanism moves to-
wards a gear ring on a flywheel of the engine and come
into engagement therewith. On the contrary, when the
push rod 30 moves forwards (to the left in Figure 2) in
the axial direction, the transmission mechanismis moved
backwards in the axial direction by the pinion-engaging
lever so that the driving gear of the transmission mech-
anism is disengaged from the gear ring on the flywheel
of the engine.

[0034] A contact bridge 14 is mounted onto the back
smaller-diameter segment 30b of the push rod 30, near
the back end of the push rod 30. Specifically, with refer-
ence to Figure 2 in conjunction with Figure 5, a mounting
seat 28 is mounted onto the back smaller-diameter seg-
ment 30b to be axially slidable thereon. The mounting
seat 28 may be formed of insulative plastics. The mount-
ing seat 28 has a substantially circular ring shape, having
an inner periphery slidably fitted onto the back smaller-
diameter segment 30b. The mounting seat 28 comprises
a front flange 28a and a back cylinder section 28b. The
front flange 28a has an outer diameter which is larger
than both the outer diameter of the back cylinder section
28b and the inner diameter of the guiding hole of the fixed
core 4. A contact bridge 14 is carried by the back cylinder
section 28b, the contact bridge 14 having a front side that
is biased against the front flange 28a and a back side
stopped by a fastening device 42.

[0035] In addition, a sleeve piece 20 and a compres-
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sion spring 22 are mounted around the push rod 30. The
sleeve piece 20 is located on a front portion of the back
smaller-diameter segment 30b, while the compression
spring 22 is compressed between a back end of the
sleeve piece 20 and the front flange 28a of the mounting
seat 28. The outer diameter of the sleeve piece 20 is
determined so that the sleeve piece 20 is slidably fitted
in the guiding hole of the fixed core 4.

[0036] Inthe state thatthe contactbridge 14 is clamped
onto the back end of the push rod 30 in the above de-
scribed manner, the contact bridge 14 is able to move
(slide) forwards in the axial direction on the back smaller-
diameter segment 30b of the push rod 30 against the
pushing force of the compression spring 22, but the back-
ward movement of the contact bridge 14 is blocked by
the fastening device 42.

[0037] It is appreciated that the fastening device 42
may have any suitable structures, for example, the struc-
ture shown in Figure 5, in which the fastening device 42
comprises a washer 44 biased against the back side of
the contact bridge 14, a gasket 46 arranged behind the
washer 44, and a clip 48 arranged behind the gasket 46
and fixed to the back end of the push rod 30. It is appre-
ciated that any structures and elements can be used
here, only if they allow the contact bridge 14 to move
forwards with respect to the push rod 30 and prevent the
contact bridge 14 from moving backwards with respect
to the push rod 30 on the back end of the push rod 30.

[0038] The sleeve piece 20 may be made of insulative
plastics and is substantially cylindrical. The sleeve piece
20 has a front end that is biased against the transition
step between the front larger-diameter segment 30a and
the back smaller-diameter segment 30b and a back end
that is pushed by a front end of the compression spring
22.

[0039] A cap 8isfixedtothe back portion of the housing
2, and two contact studs 10 pass through the cap 8 and
are fixed thereto. The contact studs 10 each have a front
enlarged portion that forms a contacting end 10a, and
front end surfaces of the two the contacting ends 10a
face towards the back surface of the contact bridge 14.
[0040] The cap 8 may be made of plastics. Each con-
tact stud 10 has a front portion that is fixed in the cap 8
and a back portion that is exposed from a back surface
of the cap 8.

[0041] The two contact studs 10 may be fixed to the
material of the cap 8 by an insert injection molding proc-
ess. Alternatively, the two contact studs 10 may be fixed
to the cap 8 by fasteners. For example, the back portion
of each contact stud 10 may be formed with a screw
thread so that a nut (not shown) having a mating thread
engaging with the screw thread may be used for locking
the contact stud 10 to the cap 8.

[0042] Further, a compression spring 24 is mounted
between the movable core 16 and the fixed core 4. The
compression spring 24 has a front portion that is disposed
in the spring accommodating socket of the movable core
16 and a front end that pushes against a bottom of the
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spring accommodating socket. The compression spring
24 also has a back portion that is arranged around the
sleeve piece 20. Aback end of the compression spring
24 biases against a front end surface of the fixed core 4
(or the substantially frusto-conical portion of it).

[0043] The compression spring 24 acts as a returning
spring for the push rod 30. The compression spring 22
acts as not only a returning spring for the contact bridge
14, but also a returning spring for the push rod 30. It is
contemplated that the push rod and the contact bridge
may alternatively be equipped other types of returning
elastic elements.

[0044] A boss 16a is formed at the front end of the
movable core 16, surrounding the push rod 30. The boss
16a protrudes forwards from a front end surface of the
main body of the movable core 16. The boss 16a has an
outer diameter which is significantly smaller than the ra-
dial dimension of the main body of the movable core 16.
[0045] A cylindrical fixing connection portion 16b is
formed at the front end of the boss 16a, in the form of a
hollow cylinder surrounding the push rod 30. The fixing
connection portion 16b protrudes forwards from a front
end surface of the boss 16a, and has a radial thickness
which is set such that the fixing connection portion 16b
can be fixed to the outer periphery of the push rod 30 (or
the front larger-diameter segment 30a of it) by crimping,
riveting, welding or other manners using a crimping tool,
a riveting tool, a welding tool or other types of tools.
[0046] According to the invention, for manufacturing
the solenoid switch shown in Figure 2, the elements de-
scribed above are formed in advance, but the flat head
40 has not been formed with the engagement window yet.
[0047] Then, these elements are assembled. As a first
step, the fixed core 4, which carries the sleeve 32 and
the winding assembly 6 therewith, is mounted into the
housing 2.

[0048] Then,thebackendofthe pushrod30isinserted
into and through the mounting through hole of the mov-
able core 16 from the front side of the movable core 16
so that the front larger-diameter segment 30a of the push
rod 30 is arranged in the mounting through hole of the
movable core 16 and is slidable therein.

[0049] Then, the sleeve piece 20 and the compression
spring 24 are mounted onto the push rod 30.

[0050] Then, the movable core 16, which carries the
push rod 30, the sleeve piece 20 and the compression
spring 24 therewith, is mounted into the housing 2 from
the frontside of it, wherein the movable core 16 isinserted
in the sleeve 32 and is slidable therein, the back smaller-
diameter segment 30b of the push rod 30 passes through
the guiding hole of the fixed core 4 so that the back end
of the push rod 30 is exposed from the back side of the
fixed core 4, the sleeve piece 20 is inserted at least in
part in the guiding hole of the fixed core 4, and the com-
pression spring 24 is compressed between the movable
core 16 and the fixed core 4.

[0051] Then, the compression spring 22 is mounted
onto the back smaller-diameter segment 30b of the push
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rod 30 from the back side of it, with a major portion of the
compression spring 22 being inserted into the guiding
hole of the fixed core 4. Then, the mounting seat 28, the
contact bridge 14 and the fastening device 42 are mount-
ed onto the back end of the push rod 30 in sequence.
Now the compression spring 22 is pre-compressed be-
tween the sleeve piece 20 and the mounting seat 28.
[0052] Then, the cap 8, which carries the two contact
studs 10 is mounted to the housing 2 from the back side
of it.

[0053] In such a pre-assembled solenoid switch, the
push rod 30 is able to slide in the movable core 16.
[0054] Then, a sensing device, such as an electric cur-
rent sensor, which can sense the connection/break state
between the two contact studs 10 is coupled to the ex-
posed back portions of the two contact studs 10.
[0055] Now a pushing force directed backwards (to the
right in Figure 2) in the axial direction is applied to the
push rod 3 to move the push rod 30 backwards, and then
the contact bridge 14 comes into contact with the con-
tacting ends 10a of the two contact studs 10, as shown
in Figure 3. In this procedure, the movable core 16 may
alsomove backwards (for example, urged by the flathead
40) against the pushing force of the compression spring
24,

[0056] Once the contact bridge 14 initially comes into
contact with the two contact studs 10, the contact bridge
14 is stopped from further moving backwards, while the
push rod 30 continues to move backwards. Now the com-
pression force in the compression spring 22 starts to be-
come increased so that the contact pressure force be-
tween the contact bridge 14 and the two contact studs
10 is increased gradually. After the contact bridge 14
initially contacts the two contact studs 10 and then the
push rod 30 further moves backwards through a first dis-
tance which is very small (for example, 0.05 to 0.1 mm),
an initial electric connection state is established between
the contact bridge 14 and the two contact studs 10. In
this stage, the compression force in the compression
spring 22 is increased by a value (which equals to current
compression force minus the pre-compression force in
it) which is very small.

[0057] Such an initial electric connection state can be
detected by the sensing device so that the sensing device
obtains an initial connection signal. For example, the
electric current sensor obtains an initial electric current
signal of the two contact studs 10 when there is an electric
current initially flowing through the two contact studs 10.
[0058] After the initial connection signal is detected,
the push rod 30 is further moved backwards through a
second distance which is larger than the first distance.
For example, the second distance is 0.5 to 1.5 mm, pref-
erably about 1 mm. The second distance may be regard-
ed as a reserve distance for ensuring reliable electric
connection between the contact bridge 14 and the con-
tact portions of the two contact studs 10 even if burnt-off
occurs there.

[0059] Now the solenoid switchis in the position shown
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in Figure 4, in which the fastening device 42 and the
contact bridge 14 are separated by a distance L (which
equals to the first distance plus the second distance),
which distance is the backward moving distance of the
push rod 30 after the initial contact between the contact
bridge 14 and the two contact studs 10.

[0060] In this state, the movable core 16 is pushed in
the backward direction, until it abuts against the fixed
core 4 so that it is stopped from further moving back-
wards. For example, now the back end surface of the
movable core 16 biases against the front end surface of
the substantially cylindrical smaller-diameter portion of
the fixed core 4.

[0061] Inthe state thatthe push rod 30 is kept in back-
ward moving distance and the movable core 16 biases
against the fixed core 4, the push rod 30 is fixed in the
movable core 16. The fixing between them is achieved
by using a crimping tool, a riveting tool, a welding tool or
other types of tools to fix the fixing connection portion
16b of the movable core 16 to an outer periphery of the
push rod 30 (the front larger-diameter segment 30a) by
crimping, riveting, welding or other manners. By provid-
ing the boss 16a, a large operation space is presented
for the crimping tool, the riveting tool, the welding tool or
other types of tools used here.

[0062] Forincreasingthe connection strength between
the push rod 30 and the movable core 16, a portion of
the movable core 30, which is predetermined to be
crimped or riveted, is subjected to a pre-treatment, for
example, formed with a roughened surface, one or more
recesses, one or more protrusions or the like, in advance
[0063] After the push rod 30 and the movable core 16
are fixed together, in a state that the movable core 16 is
kept to bias against the fixed core 4, an engagement
window 40a, into which the front end of the pinion-en-
gaging lever is to be inserted, is formed in the flat head
40 of the push rod 30. The engagement window 40a may
be formed by punching, laser processing or other man-
ner. In the procedure for forming the engagement window
40a, one or more locations (for example, the surface) of
the housing 2 may be used as a locating reference.
[0064] After the engagement window 40a is formed,
the movable core 16 is released so that it, together with
the push rod 30, moves forwards (to the left in Figure 4)
under the action of the pushing forces of the compression
springs 22 and 24. After the push rod 30 moves forwards
through the distance L, the fastening device 42 comes
into contact with the contact bridge 14 and then forces it
away from the two contact studs 10. Then, under the
action of the pushing force of the compression spring 24,
the movable core 16, together with the push rod 30, con-
tinues to move forwards, until the front flange 28a of the
mounting seat 28 biases against the back end of the fixed
core 4, for example, seats in a back end socket of the
fixed core 4. In this state, the movable core 16, together
with the push rod 30, is stopped from further moving for-
wards.

[0065] It should be noted that, in the solenoid switch
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manufacturing process of the invention, the assembling
sequence of various elements is not limited to that de-
scribed above; rather, the assembling sequence can be
varied according to concrete structures of these ele-
ments.

[0066] In the structure and manufacturing process of
the solenoid switch according to the invention, the re-
serve distance is set by further moving the push rod 30
backwards after the initial electric connection state be-
tween the contact bridge 14 and the two contact studs
10 has been detected. Thus, the reserve distance is not
affected by any complex dimension chain, so the toler-
ance of the reserve distance can be very small.

[0067] Further, a single push rod 30 is used, which
replaces the two push rods of the prior art. In this config-
uration of the invention, in the state that, after the contact
bridge 14 and the two contact studs 10 comes into initial
contact, the push rod 30 further moves backwards
through a distance, and that the movable core 16 biases
against of the fixed core 4, the push rod 30 and the mov-
able core 16 are fixed together and the engagement win-
dow 40a is formed. Thus, only a simple dimension chain
(the contact bridge 14 to the single push rod 30) exists
between the engagement window 40a and the contact
studs 10, so the tolerance ranges of the dimension and
position of the engagement window are also very small.
In other words, the engagement window has only dimen-
sion and position tolerances created in the final manu-
facturing stage, so the intermediate fitting tolerance
which affects the tolerance ranges of the dimension and
position of the engagement window in the prior art can
be avoided. The dimension and position tolerances of
the engagement window of the invention are much small-
er than that of the prior art, and the positioning precision
of the driving gear can be improved significantly.
[0068] It can be seen that the invention presents im-
provements to the structure and manufacturing manner
of the solenoid switch by using the single push rod to
reduce the tolerances of the reserve distance and the
dimension and position of the engagement window. The
structures and arrangements of other elements related
with the single push rod, such as the structures of the
sleeve piece 20, the mounting seat 28 and the fastening
device 42, the arrangement manners of the compression
springs 22 and 24, and the like, do not have any limitation
to the concept of the invention.

[0069] As an example, Figure 6 shows a solenoid
switch of a vehicle starter according to another preferred
embodiment of the invention, which differs from the so-
lenoid switch shown in Figures 2-4 mainly in that the
sleeve piece 20 has an enlarged diameter. In this case,
the diameter of the guiding hole of the fixed core 4 is
increased accordingly. As a result, a gap between the
inner periphery wall of the guiding hole of the fixed core
4 and the outer periphery wall of the back smaller-diam-
eter segment 30b of the push rod 30 is increased, and
thus the magnetic gap between the fixed core 4 and the
push rod 30 is enlarged so that the effect of the push rod
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30 to the magnetic circuit generated by the winding as-
sembly 6 becomes smaller. In this way, it becomes pos-
sible to form the push rod 30 using a low-price magnetic
material (for example, ordinary steel). By comparison,
the push rod 30 in the solenoid switch shown in Figures
2-4is generally formed of a high-price non-magnetic ma-
terial (for example, copper, copper alloy, stainless steel,
or the like).

[0070] The invention in another aspect relates a sole-
noid switch formed by the above described manufactur-
ing method and having the above structure as well as a
vehicle starter comprising such a solenoid switch.
[0071] While certain embodiments have been de-
scribed, these embodiments have been presented by
way of example only, and are not intended to limit the
scope of the invention. The attached claims and their
equivalents are intended to cover all the modifications,
substitutions and changes as would fall within the scope
and spirit of the invention.

Claims

1. A method for manufacturing a solenoid switch for a
vehicle starter, comprising the steps of:

(1) fixedly mounting a fixed core into a housing;
(2) mounting a movable core, which carries a
single pushrod, into the housing so that the mov-
able core is able to move back and forth in the
housing, the push rod being slidable back and
forth in the movable core, and the push rod ex-
tending through the fixed core so that a back
end of the push rod is exposed from a back por-
tion of the fixed core;

(3) mounting an elastic member onto the push
rod, and mounting a contact bridge onto the back
end of the push rod so that the push rod is able
to move with respect to the contact bridge in a
backward direction againstan acting force of the
elastic member;

(4) moving the push rod backwards until it is de-
tected that an initial electric connection state is
established between two contact studs, which
are disposed behind the contact bridge, via the
contact bridge;

(5) moving the push rod further backwards
through a reserve distance; and

(6) fixing the movable core to the push rod in a
state that the movable core is pushed against
the fixed core.

2. The method for manufacturing a solenoid switch for
a vehicle starter of claim 1, wherein the reserve dis-
tance is 0.5 to 1.5 mm, preferably about 1 mm.

3. The method for manufacturing a solenoid switch for
a vehicle starter of claim 1 or 2, wherein the initial
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electric connection state is detected by using an
electric current sensor, and it is determined that the
initial electric connection state is established be-
tween the two contact studs when the electric current
sensor detects that an electric current flows through
the two contact studs.

The method for manufacturing a solenoid switch for
a vehicle starter of any one of claims 1 to 3, wherein
in step (6), the movable core is fixed to the push rod
by crimping, riveting or welding a portion of the ma-
terial of the movable core to the push rod.

The method for manufacturing a solenoid switch for
a vehicle starter of claim 4, wherein the portion of
the material of the movable core, which is to be
crimped, riveted or welded, is pre-formed as a cylin-
drical portion at a front end of the movable core.

The method for manufacturing a solenoid switch for
avehicle starter of claim 4, wherein a portion of push
rod, to which the portion of the material of the mov-
able core is to be crimped or riveted, is formed with
a roughened surface, one or more recesses or one
or more protrusions in advance.

The method for manufacturing a solenoid switch for
a vehicle starter of any one of claims 1 to 6, further
comprising the following step to be conducted after
step (6):

(7) forming an engagement window in a front
end of the push rod in a state of keeping the
movable core biasing against the fixed core, the
engagement window being configured to be in-
serted by a front end of a pinion-engaging lever.

The method for manufacturing a solenoid switch for
a vehicle starter of claim 7, wherein the engagement
window is formed by mechanical punching or by la-
ser cutting.

A solenoid switch for a vehicle starter, comprising:

a fixed core;

amovable core adapted to be able to move back
and forth with respect to the fixed core;

a pair of contact studs disposed behind the fixed
core;

a single push rod carried by the movable core,
the push rod extending through the fixed core
so that a back end of the push rod is exposed
from a back portion of the fixed core;

an elastic member mounted onto the push rod;
and

a contact bridge mounted to the back end of the
push rod and facing towards the pair of contact
studs, the push rod being adapted to be able to
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10.

1.

12.

13.

14.

15.

move with respect to the contact bridge in a
backward direction againstan acting force of the
elastic member;

wherein in a state that, after initial electric con-
nection is established between the two contact
studs via the contact bridge, the push rod is
moved backwards through a reserve distance,
and that the movable core is pushed against the
fixed core, the movable core is fixed to the push
rod.

The solenoid switch of claim 9, wherein the reserve
distance is 0.5 to 1.5 mm, preferably about 1 mm.

The solenoid switch of claim 9 or 10, wherein a por-
tion of the material of the movable core is attached
to the push rod by crimping, riveting or welding.

The solenoid switch of claim 9 or 10, the portion of
the material of the movable core, which is to be
crimped, riveted or welded, is in the form of a cylin-
drical portion pre-formed at a front end of the mov-
able core.

The solenoid switch of claim 11 or 12, wherein a
portion of push rod, to which the portion of the ma-
terial of the movable core is to be crimped or riveted,
is formed with a roughened surface, one or more
recesses or one or more protrusions in advance.

The solenoid switch of any one of claims 9 to 13,
wherein an engagement window is formed in a front
end of the push rod, the engagement window being
configured to be inserted by a front end of a pinion-
engaging lever.

A vehicle starter comprising:

an electric motor;

a transmission mechanism coupled with an out-
put shaft of the electric motor; and

a solenoid switch according to any one of claims
9 to 14 for controlling the operations of the elec-
tric motor and the transmission mechanism.
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