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ABSTRACT OF THE DISCLOSURE

A switch device (1) having a reduced number of
components while reducing the difference between the forces
required to operate sﬁitches in different directions. The
switch device includes a first switch (15), a second switch
(16), a Eutton (6}, and a pusher (4). Inclination of the
button in the first direction to a first operation position
solely activates the first switch. Further inclination of
the button in the first direction to a second operation
position activates the second switch in addition to the
first switch. Inclination of the button in the second
direction to a third operation pdsition solely activates the
second -switch. Further inclination of the button in the
second direction to a fourth operation position activates

the first switch in addition to the second switch.
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TWO-STEP SWITCH DEVICE

BACKGROUND OF THE INVENTION

The present invention relates to a switch device, and more particularly, to a two-
step switch device having a button that is movable to two steps when the button is
moved in one direction and to a vehicle window driving apparatus that uses such a two-

step switch device.

Any discussion of the prior art throughout the specification should in no way be
considered as an admission that such prior art is widely known or forms part of common

general knowledge in the field.

A window switch device arranged in the passenger compartment of a vehicle has a
seesaw type button or push-pull type button that is inclined to open or close a window.
As one type of such a switch device, Japanese Laid-open Patent Publication No. 2000-

11807 describes a two-step switch device.

The two-step switch device has a first switch and a second switch, The first
switch includes a manual down switch and a manual up switch. The second switch

includes an automatic down switch and an automatic up switch.

Force is applied to the button of the two-step switch in two steps in an upward

direction and two steps in a downward direction.

More specifically, when the button is inclined in the downward direction (the
direction for opening the window) to a manual position, the inclination of the button
activates only the manual down switch of the first switch. In this case, the window
moves in the opening direction only when the manual down switch is activated, or when

the button is inclined in the downward direction to the manual position.

Further, when the button is inclined further from the manual position to an
automatic position, the automatic down switch of the second switch is also activated in

addition to the manual down switch, This moves the window to the lowermost position

—
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to open the window even if the button is returned from the automatic position to the

original position and each switch is inactivated.

When the button is inclined in the upward direction (the direction for closing the
window) to the manual position, the inclination of the button activates only the manual
up switch of the first switch. In this case, the window moves in the closing direction
only when the manual up switch is activated, or when the button is inclined in the
upward direction to a manual position. Further, when the button is inclined further
from the manual position to an automatic position, the automatic up switch of the second
switch is also activated in addition to the manual up switch. This moves the window to
the uppermost position to open the window even if the button is returned from the

automatic position to the original position and each switch is inactivated.

In the above two-step switch device, each switch includes a resiliently deformable
dome. The dome is elastically deformed to activate the associated switch. In the two-
step switch device, the elastic deformation of each switch produces an appropriate

positioning feel that is perceived at the manual and automatic positions.

The conventional two-step switch requires four switches, which are the manual
down switch, the manual up switch, the automatic down switch, and the automatic up
switch.  This is to equalize the force required to incline the button in the downward and
upward directions. To achieve this object, the employment of four switches is

necessary in the prior art.

To simplify the internal structure and save costs, the number of components must

be reduced. Thus, there is a demand for decreasing the number of switches.

SUMMARY OF THE INVENTION

It is an object of the present invention to overcome or ameliorate at least one of the
disadvantages of the prior art, or to provide a useful alternative.

It is an object of the present invention in its preferred form to provide a switch device
and a vehicle power window drive apparatus that reduces the number of components

while reducing the differences between the forces applied in each direction to operate the
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According to a first aspect of the invention there is provided a switch device

operable in two steps, the switch device comprising:
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a first switch;

a second switch;

a button, inclinable in a first direction for activating the first switch and a second
direction for activating the second switch, the button being inclinable to a first
operation position and a second operation position when inclined in the first
direction and being inclinable to a third operation position and a fourth
operation position when inclined in the second direction;

a pusher arranged between the button and the first and second switches, the
pusher being movable when the button is pushed, the pusher comprising a
first extension and a second extension; and

a switch body for supporting the button in an inclinable manner and for
accommodating the pusher, the switch body including a first receiving portion
for contacting the first extension of the pusher when the button is inclined in
the first direction and a second receiving portion for contacting the second
extension of the pusher when the button is inclined in the second direction,

wherein

inclination of the button in the first direction to the first operation position
moves the pusher to solely activate the first switch;

further inclination of the button in the first direction to the second
operation position moves the pusher about a position of contact
between the first extension and the first receiving portion to activate
the second switch in addition to the first switch;

inclination of the button in the second direction to the third operation
position moves the pusher to solely activate the second switch; and

further inclination of the button in the second direction to the fourth
operation position moves the pusher about a position of contact
between the second extension and the second receiving portion to

activate the first switch in addition to the second switch.
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According to a second aspect of the invention there is provided a switch device
operable in two steps, the switch device comprising:

a first switch including a first fixed contact and a first movable contact
associated with the first fixed contact;

a second switch including a second fixed contact and a second movable contact
associated with the second fixed contact;

a pusher movably arranged on the first and second movable contacts, the pusher
including a first switch operator, arranged in association with the first
movable contact for activating the first switch and a second switch operator,
arranged in association with the second movable contact, for activating the
second switch; the pusher further including a first extension and a second
extension respectively arranged opposite the first and second switch
operators;

a switch body for supporting the button in an inclinable manner and for
accommodating the pusher, the switch body including a first receiving portion
for contacting the first extension of the pusher when the button is inclined in
the first direction and a second receiving portion for contacting the second
extension of the pusher when the button is inclined in the second direction;
and

a button including a first pushing portion for pushing a first portion located at a
top of the pusher in correspondence with the first switch and a second
pushing portion for pushing a second portion located at the top of the pusher
in correspondence with the second switch, the button being inclinable in a
first direction to push the pusher with the first pushing portion and being
inclinable in a second direction to push the pusher with the second pushing
portion, the button being inclinable to a first operation position and a second
operation position when inclined in the first direction and being inclinable to
a third operation position and a fourth operation position when inclined in the
second direction, wherein

inclination of the button in the first direction to the first operation position
moves the pusher and solely activates the first switch with the first
switch operator;

further inclination of the button in the first direction to the second

—
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operation position further moves the pusher and activates the second
switch with the second switch operator in addition to the first switch;
inclination of the button in the second direction to the third operation
position moves the pusher and solely activates the second switch with
5 the second switch operator; and
further inclination of the button in the second direction to the fourth
operation position further moves the pusher and activates the first
switch with the first switch operator in addition to the second switch;
and
10 wherein the pusher is moved about a position of contact between the first
extension and the first receiving portion when the button is inclined from the
first operation position to the second operation position to activate the second
switch, and the pusher is moved about a position of contact between the
second extension and the second receiving portion when the button is inclined
15 from the third operation position to the fourth operation position to activate

the first switch.

According to a third aspect of the invention there is provided a switch device
operable in two steps, the switch device comprising:

a first switch;

20 a second switch;

a pusher movably arranged on the first and second switches, the pusher
including a first switch operator, arranged in association with the first switch,
for activating the first switch, a second switch operator, arranged in
association with the second switch, for activating the second switch, and a

25 first extension and a second cxtension respectively arranged opposite the first
and second switch operators;

a switch body for accommodating the pusher, the switch body including a first
receiving portion for contacting the first extension of the pusher and a second
receiving portion for contacting the second extension of the pusher; and

30 a button supported by the switch body in an inclinable manner, the button
including a first pushing portion for pushing a first portion located at a top of

the pusher in correspondence with the first switch and a second pushing




2004201307 26 Jun 2008

_6-

portion for pushing a second portion located at the top of the pusher in
correspondence with the second switch, the button being inclinable in a first
direction to push the pusher with the first pushing portion and being
inclinable in a second direction to push the pusher with the second pushing
5 portion, the button being inclinable to a first operation position and a second
operation position when inclined in the first direction and being inclinable to
a third operation position and a fourth operation position when inclined in the
second direction, wherein
inclination of the button in the first direction to the first operation position
10 moves the pusher and solely activates the first switch with the first
switch operator;
further inclination of the button in the first direction to the second
operation position further moves the pusher about a position of contact
between the first extension and the first receiving portion to activate
15 the second switch with the second switch operator in addition to the
first switch;
inclination of the button in the second direction to the third operation
position moves the pusher and solely activates the second switch with
the second switch operator; and
20 further inclination of the button in the second direction to the fourth
operation position further moves the pusher about a position of contact
between the second extension and the second receiving portion to
activate the first switch with the first switch operator in addition to the

second switch.

25 According to a fourth aspect of the invention there is provided a vehicle window
drive apparatus for opening and closing a vehicle window, the vehicle window drive
apparatus comprising;

a switch device operated to open and close the vehicle window, the switch
device including;

30 a first switch including a first fixed contact and a first movable contact

associated with the first fixed contact;

a second switch including a second fixed contact and a second movable
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contact associated with the second fixed contact;

a pusher movably arranged on the first and second movable contacts, the
pusher including a first switch operator arranged in association with
the first movable contact, for activating the first switch and a second
switch operator, arranged in association with the second movable
contact, for activating the second switch; and a first extension and a
second extension respectively arranged opposite the first and second
switch operators;

a switch body for accommodating the pusher, the switch body including a
first receiving portion for contacting the first extension of the pusher
and a second receiving portion for contacting the second extension of
the pusher; and

a button including a first pushing portion for pushing a first portion located
at a top of the pusher in correspondence with the first switch and a
second pushing portion for pushing a second portion located at the top
of the pusher in correspondence with the second switch, the button
being inclinable in a first direction to push the pusher with the first
pushing portion and being inclinable in a second direction to push the
pusher with the second pushing portion, the button being inclinable to
a first operation position and a second operation position when inclined
in the first direction and being inclinable to a third operation position
and a fourth operation position when inclined in the second direction,
wherein

inclination of the button in the first direction to the first operation position
moves the pusher and solely activates the first switch with the first
switch operator to keep the window moving in an opening direction as
long as the first switch remains activated;

further inclination of the button in the first direction to the second
operation position further moves the pusher about a position of contact
between the first extension and the first receiving portion to activate
the second switch with the second switch operator in addition to the
first switch to completely open the window;

inclination of the button in the second direction to the third operation

-10-
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position moves the pusher and solely activates the second switch with
the second switch operator to keep the window moving in a closing
direction as long as the second switch remains activated; and

further inclination of the button in the second direction to the fourth
operation position further moves the pusher about a position of contact
between the first extension and the second receiving portion to activate
the first switch with the first switch operator in addition to the second

switch to completely close the window.

An embodiment of the present invention provides a switch device operable in two
steps. The switch device includes a first switch, a second switch, and a button,
inclinable in a first direction and a second direction, for activating the first and/or second
switch.  The button is inclinable to a first operation position and a second operation
position when inclined in the first direction and is inclinable to a third operation position
and a fourth operation position when inclined in the second direction. A pusher is
arranged between the button and the first and second switches. The pusher is movable
when the button is pushed. Inclination of the button in the first direction to the first
operation position moves the pusher to solely activate the first switch.  Further
inclination of the button in the first direction to the second operation position moves the
pusher to activate the second switch in addition to the first switch. Inclination of the
button in the second direction to the third operation position solely moves the pusher to
activate the second switch.  Further inclination of the button in the second direction to
the fourth operation position moves the pusher to activate the first switch in addition to

the second switch.

According to a further aspect of the present invention there is provided a switch
device operable in two steps.  The switch device includes a first switch and a second
switch.  The first switch includes a first fixed contact and a first movable contact
associated with the first fixed contact. The second switch includes a second fixed
contact and a second movable contact associated with the second fixed contact, A
pusher is movably arranged on the first and second movable contacts. The pusher
includes a first switch operator, arranged in association with the first movable contact,

for activating the first switch and a second switch operator, arranged in association with

11-
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the second movable contact, for activating the second switch. The switch device also
has a button including a first pushing portion for pushing a first portion located at a top
of the pusher in correspondence with the first switch and a second pushing portion for
pushing a second portion located at the top of the pusher in correspondence with the
second switch.  The button is inclinable in a first direction to push the pusher with the
first pushing portion and is inclinable in a second direction to push the pusher with the
second pushing portion.  The button is inclinable to a first operation position and a
second operation position when inclined in the first direction and is inclinable to a third
operation position and a fourth operation position when inclined in the second direction.
Inclination of the button in the first direction to the first operation position moves the
pusher and solely activates the first switch with the first switch operator.  Further
inclination of the button in the first dircction to the second operation position further
moves the pusher and activates the second switch with the second switch operator in
addition to the first switch. Inclination of the button in the second direction to the third
operation position moves the pusher and solely activates the second switch with the
second switch operator. ~ Further inclination of the button in the second direction to the
fourth operation position further moves the pusher and activates the first switch with the

first switch operator in addition to the second switch.

According to a further aspect of the present invention there is provided a switch
device operable in two steps.  The switch device includes a first switch, a second
switch, and a pusher movably arranged on the first and second switches. The pusher
includes a first switch operator, arranged in association with the first switch, for
activating the first switch, a second switch operator, arranged in association with the
second switch, for activating the second switch, and a first extension and a second
extension respectively arranged opposite the first and second switch operators. A
switch body accommodates the pusher.  The switch body includes a first receiving
portion for contacting the first extension of the pusher and a second receiving portion for
contacting the second extension of the pusher. A button is supported by the switch
body in an inclinable manner.  The button includes a first pushing portion for pushing a
first portion located at a top of the pusher in correspondence with the first switch and a

second pushing portion for pushing a second portion located at the top of the pusher in

-12-
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correspondence with the second switch.  The button is inclinable in a first direction to
push the pusher with the first pushing portion and is inclinable in a second direction to
push the pusher with the second pushing portion. The button is inclinable to a first
operation position and a second operation position when inclined in the first direction
and is inclinable to a third operation position and a fourth operation position when
inclined in the second direction. Inclination of the button in the first direction to the
first operation position moves the pusher and solely activates the first switch with the
first switch operator. ~ Further inclination of the button in the first direction to the
second operation position further moves the pusher about a position of contact between
the first extension and the first receiving portion to activate the second switch with the
second switch operator in addition to the first switch. Inclination of the button in the
second direction to the third operation position moves the pusher and solely activates the
second switch with the second switch operator.  Further inclination of the button in the
second direction to the fourth operation position further moves the pusher about a
position of contact between the second extension and the second receiving portion to

activate the first switch with the first switch operator in addition to the second switch.

According to a further aspect of the present invention there is provided a vehicle
window drive apparatus for opening and closing a vehicle window. The vehicle
window drive apparatus includes a switch device operated to open and close the vehicle
window. The switch device includes a first switch and a second switch.  The first
switch includes a first fixed contact and a first movable contact associated with the first
fixed contact. The second switch includes a second fixed contact and a second
movable contact associated with the second fixed contact. A pusher is movably
arranged on the first and second movable contacts. The pusher includes a first switch
operator, arranged in association with the first movable contact, for activating the first
switch and a second switch operator, arranged in association with the second movable
contact, for activating the second switch. A button includes a first pushing portion for
pushing a first portion located at a top of the pusher in correspondence with the first
switch and a second pushing portion for pushing a second portion located at the top of
the pusher in correspondence with the second switch. The button is inclinable in a first
direction to push the pusher with the first pushing portion and is inclinable in a second

direction to push the pusher with the second pushing portion.  The button is inclinable

13-
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to a first operation position and a second operation position when inclined in the first
direction and is inclinable to a third operation position and a fourth operation position
when inclined in the second direction. Inclination of the button in the first direction to
the first operation position moves the pusher and solely activates the first switch with the
first switch operator to keep the window moving in an opening direction as long as the
first switch remains activated.  TFurther inclination of the button in the first direction to
the second operation position further moves the pusher and activates the second switch
with the second switch operator in addition to the first switch to completely open the
window. Inclination of the button in the second direction to the third operation position
moves the pusher and solely activates the second switch with the second switch operator
to keep the window moving in a closing direction as long as the second switch remains
activated.  Further inclination of the button in the second direction to the fourth

operation position further moves the

pusher and activates the first switch with the first switch operator in addition to the

second switch to completely close the window.

Other aspects and advantages of the present invention will become apparent from
the following description, taken in conjunction with the accompanying drawings,

illustrating by way of example the principles of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

Preferred embodiments of the invention will now be described by way of example

only, with reference to the accompanying drawings.

The invention, together with objects and advantages thereof, may best be
understood by reference to the following description of the presently preferred

embodiments together with the accompanying drawings in which:

Fig. 1 is an exploded perspective view showing the structure of a two-step switch

device according to a preferred embodiment of the present invention;
Fig. 2 is a perspective view showing the two-step switch device of Fig. 1;

Fig. 3 is a cross-sectional view taken along line 3-3 in Fig. 2;

-14-
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Figs. 4A and 4B are cross-sectional views taken along line 3-3 of Fig. 2 showing

the two-step switch device of Fig. | in different modes;

Figs. 5A and 5B are cross-sectional views taken along line 3-3 of Fig, 2 showing

the two-step switch device of Fig. | in different modes;

Fig. 6 is a schematic block diagram of a vehicle window drive apparatus that uses

the two-step switch device of Fig. 1; and

Fig. 7 is a table showing the control of a vehicle window with the two-step switch

device of Fig. 1.

-15-
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

In the drawings, like numerals are used for like

elements throughout.

A two-step switch device 1 used for a vehicle window
drive apparatus 51 according to a preferred embodiment of
the present invention will now be described with reference

to Figs. 1 to 7.

Referring to Fig. 1, the two—steb switch device
(hereinafter simply referred to as a "switch device")
includes a contact board 2, a base 7, a pusher 4, a switch

body 5, and a button 6.

The contact board 2 is a printed circuit board (PCB)

formed from, for example, a glass epoxy resin. A first fixed
contact 11 and a second fixed contact 12 are arranged on a
surface of the contact board 2 (the upper surface as viewed
in Fig. 1). The two fixed contacts 11 and 12 are separated

from each other by a predetermined distance.

The'base 7 is formed from a resiliently deformable soft
resin, such as silicone rubber, and arranged on the contact
board 2. A first dome 13 is formed integrally with the base
7 at a position corresponding to the first fixed contact.11.
A second dome 14 is formed integrally with the base 7 at a
positioﬁ corresponding to the second fixed contact 12.

Referring to Figs. 3 to 5, in each of the first and second

.domes 13 and 14, the upper surface is convex and the. lower

surface is concave. A first movable contact 13a is formed on

the concave surface of the first dome 13. A second movable

-16-
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first and second domes 13 and 14 are elastically deformed,

~deform the first dome 13 is substantially the same as the

10

contact 14a is formed on the concave surface of the second
dome 14. The movable contacts 13a and 14a are separated from
the associated fixed contacts 11 and 12 when the. first and
second domes 13 and 14 are not elastically deforméd,
respectively. Conversely, the movable contacts 13a and 14a

contact the associadted fixed contacts 11 and 12 when the

respectively. The first and second movable contacts 13a and
14a move away from the fixed contacts 11 and 12 when v
resiliency causes the first and second domes 13 and 14 to
return to their original shapes, respectively. The first
fixed contact 11 and the first dome 13 define a first switch
15. The second fized contact 12 and the second dome 14
define a second switch 16. In the preferred embodiment, the
firét dome 13 and the second.dome 14 substantially have the

same shape and size. 'Thus, the load required to elastically

load required to elastically deform the second dome 14.

A pusher 4 and a switch body 5 are arranged.above the
base 7. The button 6 is arranged above the pusher 4 and the \
switch body 5. The button 6 is supported in an inelinable
manner above the switch body 5. The switch body 5
accommodates the pusher 4 in an inclinable manner. The
switch body 5 is fixed so that it does not move relative to
the contact board 2 and the base 7. Downward inclination of

a front portion of the button 6 in a first direction (the

-direction indicated by arrow F1 in Figs. 3, 43, and 4B)

inclines a front portion of the pusher 4 in the same
downward direction (first direction). Further, downward
inclination of a rear portion of the button 6 in a second
direction (the direction indicated by arrow F2 in Figs. 3,

5A, and 5B) inclines a rear porticn of the pusher 4 in the

e
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.first switch operator 21 contacting the convex surface of

" to push the second dome 14. This elastically deforms the

11

same downward direction (second direction).

In a state in which force is not applied to the pusher
4, the pusher 4 extends across the first and second domes 13
and 14. The pusher 4 has a shape that is symmetrical about a

centerline, which is shown by the broken lines in Fig. 3. A

the first dome 13 is formed on the lower left end of the
pusher 4, and a second switch operator 22 contacting the
convex surface of the.second dome 14 is formed on the lower
right end of.the pusher 4, as viewed in Figs. 1 to 5B.
Inclination of the pusher 4 in the first direction causes
the first switch operator 21 to push the first dome 13. This
elastically deforms the first dome 13 and causes the first
movable contact 13a to contact the firét fixed contact 11
{activate the first switch 15). Tnclination of the pusher 4

in the second direction causes the second switch operatof 22

second dome 14 and causes the second movable contact 14a to .
contact the second fixed contact 12 (activate the second

switch 16). A projection 4a projects from the first switch
operator 21. A projection 4b projects from the second switch
operator 22. The projections 4a and 4b are connected to the
switch body 5 in a manner enabling inclination of the pusher

4.

A first extension (first contact portion) 23 extends
downward from the upper front side of the pusher 4. A second
extension' (second contact portion) 24 extends downward from
the upper rear side of the pusher 4. When the pusher 4 is

inclined in the first direction to activate the first switch

- 15, the distal end of the first extension 23 abuts against -

part of the switch body 5 (first receiving portion 31). When

e
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the pusher 4 is inclined in the second direction to activate
the second switch 16, the distal end of the second extension
24 abuts against part of the switch body 5 (second receiving

portion 32).

Referring to Fig. 1, slots 5a and 5b are formed in the
lower_end of the switch body 5 to respectively receive the
projections -4a and 4b so as ‘to enable the inclination of the
pusher 4. The pusher 4 is accommodated in the switch body 5
in a state in which the projections 4a and 4b are received
in the slots 5a and 5b. Referring to Fig. 2, a button .
suppoft Sc, which supports the button 6 in an inclinable
manner, is formed at the upper portion of the switch body 5
along the center line of the pusher 4. The first receiving
portion 31, which supports the distal end of the first
extension 23 of the pusher 4, and the second receiving
portion 32, which supports the distal end of the second
extension 24 of the pusher 4, are formed on the.inner
surface of the switch body 5.  The first and second receiving
portions 31 and 32 each have an upper surface, which defines
a receiving surface. The receiving surface is inclined .
downward in the switch body 5. Referring to Figs. 4A and S5A,
vhen the pusher 4 is inclined, the receiving surfaces of the
first and second receiving portions 31 and 32 support the
associated first and second extensions 23 and 24 at a
generally right angle with respect to the inclination

direction of the pusher 4.

As shown in Figs. 1 to 5B, the button 6 includes a hole
(inclination axis portion) 41, a first pushing portion 42,
and a second pushing portion 43. The first pushing portion

42 is located on a surface of the button 6 at a position

faced towards the front porticn of the pusher 4 to push the

-19-
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top of the pusher 4 downwards when the button 6 is inclined
in the first direction. The second pushing portion 43 is
locgtedAon a surface of the button 6 at a position facing
towards the rear portion of the pusher 4 to push the top of
the pusher 4 downwards when the button 6 is inclined in the
second directicn. The button éupport 5¢c of the switch body 5
is fitted to the hole 41 to support the button 6 in an
inclinable manner. Accordingly, the button 6 is inclinable
in the first direction and the second direction about an

inclination axis 0, which is shown in Figs. 3 to 5B. The

" first pushing portion 42 pushes the front part of the top of

the pusher 4. The second pushing portion 43 pushes the rear
part of the top of the pusher 4. 1In the preferred
embodiment, the first and second extensions 23 and 24 are

each separated from the hole 41 by the same distance.

The operation of the abowe switch device 1 will now be

described in detail with reference to Figs. 4A to 5B.

[Example in which the button 6 is inclined in the first

direction]

Referring to Fig. 4A, when the button 6 is inclined in

the first direction (in the direction of arrow Fl), the

first pushing poition 42 downwardly pushes the front part of
the top of the pusher 4 (the portion at the first extension

'23 side of the hole 41). This inclines the pusher 4 in the

first direction while elastically deforming the first dome
13 with the first switch operator 21. Subsequently, the
first movable contact 13a contacts the first fixed contact
11 when the button 6 is inclined to a first operation

position, as shown in the state of Fig. 4A. At the first

operation position, the distal end of the first extension 23
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of the pusher 4 abuts against the first receiving portion 31
of the switch body 5.

When the button 6 is further inclined in the first
direction from the first operation position, the first
pushing portion 42 further pushes the pusher 4 downward. In
this state, the first extension 23 is in contact with the
first receiving portion 31. Thus, referring to Fig. 4B, the
pusher 4 inclines in the second direction (in the direcfion
of arrow F2) about the position of contact and elastically
deforms the second dome 14 with the second switch operator
22. Subsequently, the second movable contact ld4a contacts

the second fixed contact 12 when the button 6 is inclined to

~ 2 second operation position, which is shown by solid lines

in the state of Fig. 4B. The broken lines of Fig. 4B show
the button 6 in a state located at the first operation

position.

As described above, when the button 6 is inclined in
the first direction to the Ffirst operation position, only
the first switch 15 is activated. Further inclination of the

button 6 to the second operation position activates both of

the first and second switches 15 and 16.. In other words, the’

button 6 is operated in the first direction in two steps to
activate the first and second switches 15 and 16 in two

modes.

[Example in which the button. 6 is inclined in the second

direction]

Referring to Fig. 53, when the button 6 is inclined in

the second direction (in the direction of arrow F2), the

" second pushing portion 43 downwardly pushes the rear part of
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the top of the pusher 4 (the portion at the second extension

24 side of the hole 41). This inclines the pusher 4 in the

.second direction while elastically deforming the second dome

14 with ‘the second switch operator 22. Subsequently, the
second movable contact 14a contacts the second fixed contact
12 when the button 6 is inclined to a third operation .
position, as shown in the state of Fig. 5A. At the third
operation position, the distal end of the second extension
24 of the pusher 4 abuts against the second receiving

portion 32 of the switch body 5.

When the button 6 is further inclined in the second
direction from the third operation position, the second
pushing portion 43 further pushes the pusher 4 downward. In
this state, the second extension 24 is in contact with the
second receiving portion 32. Thus, referring to Fig. 5B, the
pusher 4 inclines in the first direction (in the direction
of arrow F1l) about the position of contact and elastically
deforms the first dome 13 with the first switch operator 21.
Subsequently, the first movable contact 13a contacts the
first fixed contact 11 when the button 6 is inclined to a
fourth operation position, which is shown by solid lines in
the state of Fig. 5B. The broken lines of Fig. 5B show the

button 6 in a state located at the third operation position.

As described above, when the button 6 is inclined in
the second direction to the third operation position, only
the second switch 16 is activated. Further inclination of
the button 6 to the fourth operation position activates both
of the first and second switches 15 and 16. In other words,
the'bufton 6 is operated in the second direction in two

steps to activate the first and second switches 15 and 16 in

two modes. Accordingly, the button 6 is operated in two
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steps in each of the first and second directions to activate
the first and second switches 15 and 16 in a total of four

modes.

The structure and operation of a vehicle window driving
apparatus 51 incorporating the switch device 1 will now be

discussed with reference to Figs. 6 and 7.

Referring to Fig. 6, the window driving apparatus 51
includes the switch device 1 and a window regulator system
(WRS) 52. The WRS 52 includes a control unit 53, a driver

54, and a motor 55.

The control unit 53 includes a CPU, a RAM, and a ROM

- (not shown). The control unit 53 is electrically connected

to the first and second switches 15 and 16 of the switch
device 1 and to the driver 54. More specifically, the first
fixed contact 11 of the switch device 1 includes a contact
1lla, which is connected to a first input port IN1 of the
control unit 53, and a contact'llb} which is grounded. The
contacts 1la and 11b are electrically cennected to each
other when the first movable contact 13a contacts the first
fixed contact 11. The second fixed contact 12 includes a
contact 12a, which is connected to a second inpuﬁ port IN2
of the control unit 53, and a contact 12b, which is
grounded. The contacts 12a and 12b are electrically
connected to each other when the second movable contact l4a
contacts the second fixed contact 12. When the first movable
contact 13a contacts the first fixed contact 11, or when the
first.switch 15 is activated, the first input port IN1 is
provided with a signal having a low level (first pﬁshing
operation signal). When the second movable contact 1l4a

contacts the second fixed contact 12, or when the second
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switch 16 is activated, the second input port IN2 is
provided with a signal having a low level (second pushing
operation signal). When the first and second switches 15 and
16 are inactivated, the associated input ports IN1 and IN2

5 ‘are each provided with a signal having a high level.

The driver 54, which is electrically connected to a
motor 55, drives the motor 55 in accordance with a command
signal from the control unit 53. The motor 55 is an actuator

10 for opening and closing a vehicle window (e.g., window glass
for drfiver's seat). The driver 54 drives the motor 55 to
open the window in response to an open drive signal from the
control unit 53. Further, the driver 54 drives the mbtor 55
to close the window in response to a close drive signal from

15 the control unit 53.

The control unit 53 controls the opening or closing of
the window based on the signal input to the first and second
input ports IN1 and IN2. That is, the control unit 53

20 determines the activation and inactivation of the first and.
second switches 15 and 16 and controls the motor 55

accordingly.

More specifically, referring to Fig. 7, when only the
25 first switch 15 is actlvated the control unit 53 performs |

manual open drive control. During the manual open drive

.control, the control unit 53 provides the driver 54 with the
open drive signal to open the window only when the first
switch 15 is activated. That is, the window continues to

30 move in a direction in which it opens as long as the button
6 of the switch device 1 is inclined to the first operatioh

position.

e
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The control -unit 53 performs automatic open drive
control when the second switch 16 is activated after the
first switch 15 is activated. During the automatic open
drive control, the contral unit 53 continues to provide the

5 driver 54 with the open drive signal until the window is
completely opened (the window is moved fo a lowermost
position). That is, during the automatic open drive control,
the control unit 53 continues to provide the driver 54 with
the open drive signal even if the first and secondvswitches

10 15 and 16 are inactivated. Thus, during the automatic open
drive control, the window moves to the lowermost position
even if the button 6 returns from the second operation
position (as shown by the solid lines in the state of Fig.
4B) to its original position (as shown by the state of Fig.
15 3).

. When only the second switch 16 is activated, the
contrel unit 53 performs manual close drive control. During
the manual close drive control, the control unit 53 provides'
20  the driver 54 with the close drive signal to close the
window only when the second switch 16 is activated. That is,
the window continues to move in a direction in which it
closes as long as the button 6 of the switch device 1 is

inclined to the third operation position.

The control unit 53 performs automatic close AIive
control when the first switch 15 is activated after the
second switch 16 is activated. During the automatic close
drive control, the control unit 53 continues to provide the

30 driver 54 with the close drive signal until the window is
completely closed (the window is moved to an vppermost
position). That is, during the automatic close drive

control, the control unit 53 continues to provide the driver

—
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54 with the close drive signal even if the first and second
switches 15 and 16 are inactivated. Thus, during the
automatic close drive control, the window moves to the
uppermost position even if the button 6 returns from the
fourth operation position (as shown by the solid lines in

the state of Fig. 5B) to its original positidn (as shown by
the state of Fig. 3).

The switch device 1 of the preferred embodiment has the

advantages described below.

(1) When the button 6 is inclined in the first
direction (direction indicated by arrow F1l in Figs. 3 to 5B)
to the first operation position, the first switch-15 is
first solely activated (first mode). Subsequently, if the

button 6 is inclined in the first direction to the second

' operation position, the second switch 16 is activated in

additionAto‘the first switch 15 (second mode). That is, in
the second mode, the second switch 16 is‘activated after the-
first switch 15 is activated. Further, when the button 6 is
inclined in the second direction (direction indicated by
arrow F2 in Figs. 3 to 5) to the third operation position,
the second switch 16 is first solely activated (third mode).
Then, if the button 6 is inclined.in the second direction to
the fourth operation position, the first ‘switch 15 is
activated in addition to the second switchv16 (fourth mode).
That is, in the fourth mode, the first switch 15 is
activated after the second switch 16 is activated. In this
manner, the activated state of the first and second switches
15 and 16 changes between four modes in accordance with the
inclined amount of the button 6 in the first and second
directions. In other words, the switch device 1 detects four

operation modes of the button 6 with the two switches 15 and
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16. Furthermore, the first pushing portion 42 pushes the top
of the pusher 4 at a position near the first switch 15. 1In
addition, the second pushing portion 43 pushes the top of
the pusher 4 at a position near the second switch 16.
Accordingly, the force required to incline the button 6 in
the first direction to activate the first and second
switches 15 and 16 is about the same as the force required
to incline the button 6 in the second direction to activate

the first and second switches 15 and 16.

The first switch 15 includes only the fixed and movable
contacts 11 and 13a and the second switch 16 includes only
the fixed and movable contacts 12 and 1l4a'in the switch
device 1.  In other words, the switch device 1 of the
preferred embodiment does not réquire four fixed contacts
and four movable contacts as in the conventional switch
device. Accordingly, the switch device 1 decreases the
number of components while décreasing the difference between
the force required to incline the button 6 in the first
direction and the force required to incline the button § in

the second direction.

(2) The button 6 is inclined in the first direction to
the first operation position. This activates only the first
switch 15 and abuts the first extension {contact portipn) 23
of the pusher 4 against the first receiving portion 31 of
the switch body 5. - Subsequently, the button 6 is further
inclined in the first direction from the first operation
position to the second operation position. This inclines the
pusher 4 in the second direction about the position of
contact and activates both of the switches 15 and 16.
Further, the button 6 is inclined in the second direction to

the third operation pesition. This activates only the second
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switch 16 ‘and abuts the second extension (contact-portion)

24 of the pusher 4 against the second receiving portion 32

‘of the switch body 5. Subsequently, the button 6 is further

inclined in the second direction from the third operation
position to the fourth operation position. This inclines the
pusher 4 in the first direction about the position of .
contact and activates both of the switches 15 and 16. In
this manner, when the switches 15 and 16 are both activated,
the extensions. 23 and 24 and the receiving portions 31 and
32 prevent excessive load from being applied to the
positions of contact between the fixed contacts 11 and 12
and movable contacts 13a -and 14a of the switches 15 and 16
that have already been activated. This further prevents
abnormal functioning of the first and second switches 15 and
16 that would be caused when excessive load is épplied to

the positions of contact.

(3) The control unit 53 of the WRS 52 performs manual
open drive control, automatic open drive control, manual
close drive control, and automatic close drive control of a
window in accordance with the contact state and contact
order of the fixed contacts 11 and 12 and movable contacts

13a and l1l4a of the first and second switches 15 and 16.

-Accordingly, the vehicle window is sufficiently controlled

with the switch device 1, which includes only two fixed

contacts 11-and 12 and two movable contacts 13a and l4a.

(4) The first and second switches 15 and 16 are
operated against the elasticity of the first and second
domes 13 and 14, which are formed from a resiliently
deformable soft resin. The positioning feel of the button 6
is produced by the elasticity of the first and second domes

13 and 14. Thus, the operator perceives a desirable
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positioning feel even if the button 6 is inclined to any one

of the first to fourth operation positions.

(5) The upper surfaces of the first and second
receiving portions 31 and 32 formed in the switch body 5'
define receiving surfaces. Each receiving surface is )
inclined downward in'an inward direction in the switch body
9. When the pusher 4 is inclined, the réceivinq surfaces of
the first and second receiving portions 31 and 32 support
the associated first and second extensions 23 and 24 at a
generally right angle with respect to the incliﬁation
direction of the pusher 4. This ensures that the first
receiving portion 31 receives the force applied to the
pusher 4 when the button 6 is.inclined from the first
operation position to the second operation position and that
the second receiving portion 32 receives the force applied
to the pusher 4 when the button 6 is inclined from the third
operation position to the fourth operation position.
Accordingly, excessive load is prevented from being applied
to the posifions of contact between thé fixed contacts 11

and 12 and the associated movable contacts 13a and 14a.

(6) The first dome 13 and the second dome 14 have
substantially the same shape and size. The load required to

elastically deform the first dome 13 is about the same as

.the load required to elastically deform the second dome 14.

The pusher 4 is symmetrical aboul the centerline showh in
Fig. 3. The first pushing portion 42 and the second pushing
portion 43 of the button 6 push the top of the puéher 4 at
positions equally spaced from the centerline shown in Fig.
3. Accordingly, the force required to incline the button 6
in the first direction and elastically deform the domes 13 .

and 14 is substantially the same as the force required to
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deform the domes 13 and 14.

In other words, the loads required to elastically
deform the first dome 13 and the second dome 14 do not have
to differ from each other in order to substantially equalize
the force required to incline the button 6 in the first and

second directions.

It should be apparent to those skilled in the art that
the present invention may be embodied in many other specific
forms without departing from the spirit'or scope of thev
invention. Particularly, it should be understood that the

present invention may be embodied in the following forms.

In the preferred embodiment, the first and second
sWitéhes 15 and 16, which are formed from a resiliently
deformable soft resin, are operated against the elasticity
of the first and second domes 13 and 14 afranged on the base
7. However, the first and second switches 15 and 16 do not

have to have the first and second domes 13 and 14. For

-example, the first and second switches 15 and 16 may have

the same structure as that of a push button switch, such as

a typical tact switch.

In the preferred embodiment, when the button 6 is not
inclined, the fixed contacts 11 and 12 QO not contact the
associated movable contacts 13a and 14a. After the button 6
is inclined, thé fixed contacts 11 and 12 contact the

associlated movable contacts 13a and l4a. Conversely, the

.switch device 1 may be configured so that the fixed contacts

11 and 12 contact the ﬁovablevcontacts 13a and 14a when the

button 6 is not inclined and the fixed contacts 11 and 12 do
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not contact the movable contacts 13a and I4a when the button
6 is inclined. In such a structure, a state in which the
fixed contacts 11 and 12 contaét the associated movable
contacts i3a and l4a correspond to an inactivated state
(OFF) of a switch in Fig. 7. Further, a state in which the
fixed contacts 11 and 12 do not contaét the assoéiated
movable contacts 13a and 14a correspond to an activated

state (ON) of a switch in Fig. 7.

In the preferred embodiment, the first and second
extensions 23 and 24 are formed on the pusher 4. However,
the first and second extensions 23 and 24 do not have to be
formed on the pusher 4. 'In such a structure, when the button

6 is inclined from the first operation position to the

second operation position or when the button 6 is inclined
from the third operation position to the fourth operation
position, the pusher 4 may be maved about positions of
contact between the domes 13 and 14 and the switch operators
21 and 22 of the activated switches 15 and 16.

In the preferred embodiment, the switch device 1 is
used for a vehicle window driving apparatus 51. However, the
application of .the switch device 1 is not restricted to a
vehicle window driving apparatus 51. The switch devige 1 may
be applied to other apparatuses that operate a éontrolled

subject.

The present examples and embodiments are to be
considered as illustrative and not restrictive, and the
invention is not to be limited to the details given herein,
but may be modified within the scope and equivalence of the

appended claims.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:-

A switch device operable in two steps, the switch device comprising:

a first switch;

a second switch;

a button, inclinable in a first direction for activating the first switch and a second
direction for activating the second switch, the button being inclinable to a first
operation position and a second operation position when inclined in the first
direction and being inclinable to a third operation position and a fourth
operation position when inclined in the second dircction;

a pusher arranged between the button and the first and second switches, the
pusher being movable when the button is pushed, the pusher cdmprising a
first extension and a second extension; and

a switch body for supporting the button in an inclinable manner and for
accommodating the pusher, the switch body including a first receiving portion
for contacting the first extension of the pusher when the button is inclined in
the first direction and a second receiving portion for contacting the second
extension of the pusher when the button is inclined in the second direction,

wherein

inclination of the button in the first direction to the first operation position
moves the pusher to solely activate the first switch;

further inclination of the button in the first direction to the second
operation position moves the pusher about a position of contact
between the first extension and the first receiving portion to activate
the second switch in addition to the first switch;

inclination of the button in the second direction to the third operation
position moves the pusher to solely activate the second switch; and

further inclination of the button in the second direction to the fourth
operation position moves the pusher about a position of contact
between the second extension and the second receiving portion to

activate the first switch in addition to the second switch.

The switch device according to claim 1, wherein the pusher includes a first switch
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operator, facing towards the first switch, for activating the first switch, and a
second switch operator, facing towards the second switch, for activating the

second switch.

The switch device according to claim 2, wherein the first extension and the
second extension are respectively arranged opposite the first and second switch
operators, and wherein the button includes a first pushing portion for pushing a
first portion located at a first extension side of a top of the pusher and a second
pushing portion for pushing a second portion located at a second extension side of

the top of the pusher.

A switch device operable in two steps, the switch device comprising:

a first switch including a first fixed contact and a first movable contact
associated with the first fixed contact;

a second switch including a second fixed contact and a second movable contact
associated with the second fixed contact;

a pusher movably arranged on the first and second movable contacts, the pusher
including a first switch operator, arranged in association with the first
movable contact for activating the first switch and a second switch operator,
arranged in association with the second movable contact, for activating the
second switch; the pusher further including a first extension and a second
extension respectively arranged opposite the first and second switch
operators;

a switch body for supporting the button in an inclinable manner and for
accommodating the pusher, the switch body including a first receiving portion
for contacting the first extension of the pusher when the button is inclined in
the first direction and a second receiving portion for contacting the second
extension of the pusher when the button is inclined in the second direction;
and

a button including a first pushing portion for pushing a first portion located at a
top of the pusher in correspondence with the first switch and a second
pushing portion for pushing a second portion located at the top of the pusher

in correspondence with the second switch, the button being inclinable in a
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first direction to push the pusher with the first pushing portion and being
inclinable in a second direction to push the pusher with the second pushing
portion, the button being inclinable to a first operation position and a second
operation position when inclined in the first direction and being inclinable to
a third operation position and a fourth operation position when inclined in the
second direction, wherein
inclination of the button in the first direction to the first operation position
moves the pusher and solely activates the first switch with the first
switch operator;
further inclination of the button in the first direction to the second
operation position further moves the pusher and activates the second
switch with the second switch operator in addition to the first switch;
inclination of the button in the second direction to the third operation
position moves the pusher and solely activates the second switch with
the second switch operator; and
further inclination of the button in the second direction to the fourth
operation position further moves the pusher and activates the first
switch with the first switch operator in addition to the second switch;
and
wherein the pusher is moved about a position of contact between the first
extension and the first receiving portion when the button is inclined from the
first operation position to the second operation position to activate the second
switch, and the pusher is moved about a position of contact between the
second extension and the second receiving portion when the button is inclined
from the third operation position to the fourth operation position to activate

the first switch.

The switch device according to claim 4, wherein the first receiving portion
includes a first receiving surface for receiving the first extension at a generally
right angle, and the second receiving portion includes a second receiving surface

for receiving the second extension at a generally right angle.

The switch device according to claim 4 or claim 5, wherein the load required for
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activating the first switch is substantially equal to the load required for activating

the second switch.

The switch device according to any one of claims 4 to 6, wherein the first switch
includes a resiliently deformable first dome having a concave surface, and the
second switch includes a resiliently deformable second dome having a convex
surface, the first movable contact being arranged on the concave surface of the
first dome, and the second movable contact being arranged on the concave

surface of the second dome.

The switch device according to claim 7, wherein the first dome and the second

dome have substantially the same shape and size.

The switch device according to any one of claims 4 to 8, wherein the pusher has a
shape that is substantially symmetrical about its centerline, and the first and
second pushing portions of the button push the pusher at positions equally spaced

from the centerline of the pusher.

A switch device operable in two steps, the switch device comprising:

a first switch;

a second switch;

a pusher movably arranged on the first and second switches, the pusher
including a first switch operator, arranged in association with the first switch,
for activating the first switch, a second switch operator, arranged in
association with the second switch, for activating the second switch, and a
first extension and a second extension respectively arranged opposite the first
and second switch operators;

a switch body for accommodating the pusher, the switch body including a first
receiving portion for contacting the first extension of the pusher and a second
receiving portion for contacting the second extension of the pusher; and

a button supported by the switch body in an inclinable manner, the button
including a first pushing portion for pushing a first portion located at a top of
the pusher in correspondence with the first switch and a second pushing

portion for pushing a second portion located at the top of the pusher in
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correspondence with the second switch, the button being inclinable in a first
direction to push the pusher with the first pushing portion and being
inclinable in a second direction to push the pusher with the second pushing
portion, the button being inclinable to a first operation position and a second
5 operation position when inclined in the first direction and being inclinable to
a third operation position and a fourth operation position when inclined in the
second direction, wherein
inclination of the button in the first direction to the first operation position
moves the pusher and solely activates the first switch with the first
10 switch operator;
further inclination of the button in the first direction to the second
operation position further moves the pusher about a position of contact
between the first extension and the first receiving portion to activate
the second switch with the second switch operator in addition to the
15 first switch;
inclination of the button in the second direction to the third operation
position moves the pusher and solely activates the second switch with
the second switch operator; and
further inclination of the button in the second direction to the fourth
20 operation position further moves the pusher about a position of contact
between the second extension and the second receiving portion to
activate the first switch with the first switch operator in addition to the

second switch.

11. A vehicle window drive apparatus for opening and closing a vehicle window, the
25 vehicle window drive apparatus comprising:
a switch device operated to open and close the vehicle window, the switch
device including;
a first switch including a first fixed contact and a first movable contact
associated with the first fixed contact;
30 a second switch including a second fixed contact and a second movable
contact associated with the second fixed contact;

a pusher movably arranged on the first and second movable contacts, the
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pusher including a first switch operator arranged in association with
the first movable contact, for activating the first switch and a second
switch operator, arranged in association with the second movable

contact, for activating the second switch; and a first extension and a
second extension respectively arranged opposite the first and second

switch operators;

a switch body for accommodating the pusher, the switch body including a

first receiving portion for contacting the first extension of the pusher
and a second receiving portion for contacting the second extension of

the pusher; and

a button including a first pushing portion for pushing a first portion located

at a top of the pusher in correspondence with the first switch and a
second pushing portion for pushing a second portion located at the top
of the pusher in correspondence with the second switch, the button
being inclinable in a first direction to push the pusher with the first
pushing portion and being inclinable in a second direction to push the
pusher with the second pushing portion, the button being inclinable to
a first operation position and a second operation position when inclined
in the first direction and being inclinable to a third operation position
and a fourth operation position when inclined in the second direction,

wherein

inclination of the button in the first direction to the first operation position

moves the pusher and solely activates the first switch with the first
switch operator to keep the window moving in an opening direction as

long as the first switch remains activated;

further inclination of the button in the first direction to the second

operation position further moves the pusher about a position of contact
between the first extension and the first receiving portion to activate
the second switch with the second switch operator in addition to the

first switch to completely open the window;

inclination of the button in the second direction to the third operation

position moves the pusher and solely activates the second switch with

the second switch operator to keep the window moving in a closing
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direction as long as the second switch remains activated; and
further inclination of the button in the second direction to the fourth
operation position further moves the pusher about a position of contact
between the first extension and the second receiving portion to activate
5 the first switch with the first switch operator in addition to the second

switch to completely close the window.

12, Aswitch device substantially as herein described with reference to any one of the
embodiments of the invention illustrated in the accompanying drawings and/or

examples.
10 13. A vehicle window drive apparatus substantially as herein described with reference

to any one of the embodiments of the invention illustrated in the accompanying

drawings and/or examples.
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Contact Portion

Control Unit 53

Ist Switch 15- 2nd Switch 16
ON OFF Manuat Open
: ON After :
ON Ist Switch 15 Automatic Close
Goes ON
OFF ON Manual Close
ON After
2nd Svitch 16 ON Automatic Close
Goes ON /
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