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TITLE OF THE INVENTION

CONTROL PANEL HAVING. SHEET-FORMED PUSHBUTTON UNIT AND
METHOD OF PRODUCING THE SAME '

BACKGROUND OF THE INVENTION
1. Field of the Iﬁvention
The present invention relates to a control panel
having a sheet-formed pushbutton unit produced by forming
a general-purpose sheet and also relates to a method of
producing the control panel. More particularly, the

present invention relates to a control panel having a

-sheetfformed pq;hbutton unit constructed of a formed sheet

prepared by thermoforming a thermoplastic synthetic resin
sheet and also relates to a method of producing the
control panel. |
2. Discussion of Related Art

With the recent spread of equipment related to
computers and communications equipmeht, it has been
demanded that data input units, .e.g. control panels, for
entefing information into such equipment and receiving
information therefrom shouid be reduced in cost to an
extreme without sacrificing the operability. On~thé other
haﬁd, the achievement of high-precision electronic parts
demands hermeticity for providing a dustpfoof structure
and for preventing breakdown of electronic parts due to

static electricity. For example, control panels used in

. electronic equipment, e.g. portable telephones, are
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required to accomplish ultimate cost reductions in order
to allow these electronic devices to spread at reduced
costs. Moreover, the control panels are required to
improve in various mechanical and electrical functions as
stated above.

- To meet the demands, the present applicant proposed
a control panel for electronic equipment using a sheet
(see Japanese Patent Application Unexaminéd Publication
(KOKAI) Nos. 9-259696 and 9-259697). In the proposed
control panel, a mechanical assembly structure is used for
the assembly of a control panel member and pushbuttons.
The use of thg mechanical assembly structure causes the
stfucture of the control panel to become complicated and

also causes the number of components to increase.

SUMMARY OF THE INVENTION
In view of the above-described technical background,
the present invention attains the following objects.

' An object of the present invention is to provide a
control panel having a sheet—formed pushbutton unit in
which a formed sheet produced by thermoforming a sheet is
integrated with a control panel member, thereby reducing
the number of process steps, and also provide a me;hod of
producing the control panel.

Another object of the present invention is to

provide a control panel having a sheet-formed pushbutton

unit that allows a cost reduction, and also provide a -

method of producing the control panel.
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Still another object of.the present invention is to
provide a control panel having a sheet-formed pushbuttoh
unit that is superior in mass-productivity and a method of
producing the control panel.

To attain the above-described objects, the present
invention provides a first control panel having a sheet-
formed pushbutton unit. The .control panel inclﬁdes a
control panel member for electronic equipment or the like.
A pﬁshbutton is inserted in an opening formed in the
control panel member. A formed sheet of a thermoplastic
synthetic resin material is secured to the control panel
member to support the pushbutton with respect to. the
control panel member by elastically bending. The formed
sheet is so formed as to serve as an outer skin of the
pushbutton.

'~ Preferably, the_control panel member is made of a
thermoplastic synphetic resin material, and the formed
sheet and the-control panel member are secured together
into one unit by thefmal joining. The term “thermal
joining” means that the thermoplastic synthetic resin
material is heated from the inside or outside thereof to
join and secure together the two members. Specific
examples of thermal joining are a method in which the
thermoplastic synthetic resin material is deformed by
pressing a heated member against it, and ultrasonic
welding using ultrasonic vibrational energy.

In addition, the present invention provides a second

control panel having a sheet-formed pushbutton unit. The
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control panel includes a control panel member for
electronic equipment or the like. A pushbutton body is.
inserted in an opening formed in the control panel member.
A formed sheet of a thermoplastic synthetic resin material
is secured to the control panel member to support the
pushbutton body with respect to the control panel member
by elastically bending, the pushbutton body being secured
to the formed sheet. .

Preferably, the formed sheet and the control panel
member are secured together into one unit by thermal
joining. The term “thermal joining” means the same as the
above.

In addition, the present invention provides a first
method of producing a control panel having a sheet-formed
pushbutton unit. According to the first method, a single-
cut sheet of a thermoplastic synthetic resin material is
formed to produce a plurality of recesses thereon by .
thermoforming to prepare a formed sheet. The recesses form .
pushbutton outer skins. The formed sheet is inserted into
an injectibn mold, and a molten resin material is filled
into the recesses to produce a key sheet. The key sheet
and a control panel member are secured together into one
unit by thermal joining.

In addition, the present invention provides a second
method of producing a control panel having a sheet-formed
pushbutton unit. According to the second method, a single-
cut sheet of a thermoplastic synthetic resin material is

thermoformed to prepare a formed sheet. The formed sheet,
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pushbutton bodies and a control panel member of a
thermoplastic synthetic resin material are secured
together by thermal joining. The term “thermal joining”
means the same as the above.

The above and other objects, features and advantages
of the present invention will become more apparent from
the following description of the preferred.embodiments
thereof, taken in conjunction with the accompanying

drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a perspective view of a portable telephone
in which the present invention is used.

Fig. 2 is a plan view of a printed single-cut sheet
serving as the outer skins of pushbuttons.
' ' Fig. 3 is a diagram illustrating a process of
thermoforming a single-cut sheet into a formed sheet.

Fig. 4 is a sectional view showing a process of
producing a key sheet from a formed sheet.

Fig. 5 is a sectional view showing the structure of
a control panel for electronic equipmént according to a
first embodiment of the present invention.

_ Fig. 6 is a sectional view showing a structure in
which a key sheet and a case cover are secured together by
hot staking.

Fig. 7 is a sectional view showing the structure of
a control panel for electronic equipment according to a

second embodiment of the present invention.
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DESCRIPTION OF THE PREFERRED EMBODIMENTS

Embodiments of the present invention will be

described below with reference to the accompanying
drawings. |

First Embodiment

An example in which a control panel for electronic
equipment according to the present. invention is used in a
portable telephone will be described below. Fig. 1 is a
perspective view of a portable telephone having a control
panel according to the present invention. The portable
telephone 1 has a telephone body 2 made of a synthetic
resin material. The telephone'body 2 contains electronic
equipment, e.g. an IC, for realizing the function of a
telephone. _ '

o The telephone body 2 consists essentially of two
parts, i.e..a case cover 3 and a back body member 5, which
ére divided from each other by a parting face 6 at the
center thereof in the direction of the thickness. The case
cover 3 is placed on the top of the telephone body 2. The
back body member 5 is provided on the back of the
telephone body 2. The case cover 3 performs the function
of a control panel and also serves as a part of the
telephone body 2. The case cover 3 has a plurality of
pushbuttons 4 arranged thereon to constitute a group of
keys 7. The case cover 3 and the back body member 5 are
secured together into one unit by using screws, notches or

other securing devices.
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Printing of Indications

Pushbuttons 4 (described later) are provided in the
case cover 3. The method of producing the pushbuttons 4

will be described below in detail. A single-cut sheet 10,

" which is a uniform sheet as shown in the plan view of

Fig. 2, is used as the outer skins of the pushbuttons.4.
The single-cut sheet 10 is a thin film of a thermoplastic
synthetic resin material Ehat is transparent or
semitransparent, i.e. which has light-transmitting
properties, and cut into a rectangular shape with a
thickness of the order of from 0.25 mm to 0.8 mm, for
example. Specific examples of thermoplastic resin
materials preferable to use are polycarbonate (PC),'a
mixture of'polybutyiene terephthalate (PBT) and PC,
polyethylene terephthalate (PET), PBT, ABS resin, and
polyurethane (PUR). As the single—qut sheet 10, it is
desirable to use a general-purpose sheet that has high
tensile strength and is unlikely to tear easily and that
is mass-produced by many manufacturers and commercially
available at extremely low cost.

A plurality of indications 13, e.g. numerals,
letters and symbols, are provided on the surface of the
single-cut sheet 10. The indications 13 are printed on the
single-cut sheet 10 from the rear side thereof as print
layers 11. As shown in part (a) of Fig. 3, the single-cut
sheet 10 is placed so that each print layer 11 on the
single-cut sheet 10 faces upward (as viewed in the figure).

In this state, a necessary indication 13 is printed on the
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rear side of a finger touch portion 9 to complete the
print layer 11. It should be noted, however, that the
print layers 11 may be formed by printing a ground color
on the whole surface of the single-cut sheet 10 except
indications 13, e.g. numerals, letters and symbols, so
that the indications 13 are reversed out. Multi-color
printing may also be used. Because the single-cut sheet 10
is made of a transparent material, the indications 13 can .
be displayed in the édlor of the synthetic resin material
from fhe rear side of the single-cut sheet 10.

Printing of the print layers 11 is carried out by a
known printing process, e.g. silk screen printing. Because
the single-cut sheet 10 is flat, printing on the surface
of the single-~cut sheet 10 can be performed easily without
the need of a special device. The single-cut sheet 10 has
positioning holes 12 provided in the upper and lower ends
thereof. To use portions of the single—cut.sheet 10 that
correspond to the print layers 11 as a group of keys,
these portions are formed in the shape of protuberances by
thermoforming (described later) so as to form finger touch
portions 9 when the rear sides of the print layers 11 are
formed as pushbuttons 4.

Thermoforming

Next, the forming procedure carfied out when the key
sheet is formed by pressure fbrming will be described.
Parts (a) to (d) of Fig. 3 are diagrams illustratihg the
process sequence of forming recesses on the single-cut

sheet 10 that form the rear sides of protuberances formed
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as the finger touch portions 9. The printed single-cut
sheet 10 is placed over a mold 15 so that the print layers
11 on the single-cut sheet 10 face upward. As shown in
part (b) of Fig. 3, the single-cut sheet 10 is placed over
the mold 15 such that a thermoforming recess 16 formed in -
the mold 15 lies difect;y below each print layer 11 on the
single~-cut sheet 10. A heating plate 17 having a flat
mating surface is placed directly above the mold 15.

As shown in part (c) of Fig. 3, the single-cut sheet
10 is placed on the upper side of the mold 15 by engaging
positioning pins (not shown) in the positioning holes 12
of the single-cut sheet 10 so that the print layers 11 of
the single-cut sheet 10 corréépond respectively to the
thermoforming recesses 16 of the mold 15. Then, the
heating plate 17 is pressed against the upper side of the
single-cut sheet 10 to soften the single-cut sheet 10 by
heating.

Compressed air not higher than 0.1 MPa is supplied
to the upper side of the softened single-cut sheet 10 from
the heating plate 17 side, and while doing so, the air in
the thermoforming recesses 16 is evacuated from the lower
side of the mold 15 to suck the lower side of the single-
cut sheet 10. By the suction and heating, a plurality of
sheet recesses 14 corresponding respectively to the print
layers 11 are formed. Thus, as shown in part (d) of Fig. 3,
each print layer 11 of the single-cut sheet 10 is located
on the inner side of the bottom of a sheet recess 14 (i.e.

on the rear side of a protuberance), and the surface of
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the sheet recess 14 on the side opposite to the side on
which the print layer 11 is located is formed as a finger
touch portion 9 of a pushbutton 4, that is, the outer skin
of the pushbutton 4. Thus, a formed sheet 23 is prepared.

It should be noted that the finger touch portion 9
is formed in any desired shape, e.g. a square, circular or
oval shape, in conformity to the shape of the puShbutton 4,
The thermoforming of the single-cut sheet 10 is not
necessarily limited to pressure forming but may be vacuum
forming in which a thermoplastic sheet is fixed on a mold
and softened by heating with a heater, and the softened
sheet is pressed against the mold by a vacuum, théreby
forming the sheet into a deéired shape. It is also
possible to perform thermoforming using a heating plate 17
formed with protuberances. That is, the protuberances of
the heating plate 17 are inserted into the respective
recesses of the mold 15.
Injection Molding of Key Interior

Parts (a) to (c¢) of Fig. 4 are diagrams illustrating
a process in which each sheet recess 14 formed on the
formed Sheet 23 is filled with a resin material by
injection moldingu As shown in part (a) of Fig. 4, the
finger touch portions 9 of the fdrmed sheet 23 formed with
a pluralify of sheet recesses 14 are inserted into cavity
recesses 22 formed in a cavity 18 of a movable retainer
plate 20. The formed sheet 23 is placed on the movable
retainer plate 20 or a stationary retainer plate 25 with

the finger touch portions 9 inserted in the cavity

- 10 -
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recesses.22, and in this state the two retainer plates are
pressed against each other. When the movable retainer
plate 20 and the stationary retainer plate 25 are held
together under pressure, gates 26 in the stationary
retainer plate 25 communicate with the respective sheet
recesses 14 of the formed sheet 23.

Part (b) of Fig.'4 shows the mating surface of the
movable retainer plate 20. As shown in part (c) of Fig. 4,
a molten resin material 27 is supplied into each sheéf
recess 14 of the formed sheet 23 through a gate 26. The

molten resin material 27 is filled into the sheet recesses

'14 so as to be flush with the surface of the formed sheet

23. Thus, a key sheet 24 having a group of protuberant
keys 7 is completed. It should be noted, however, that the
inside of a part of sheet recesses 14 is left hollow.

" A desired synthetic resin material is selected to be

_filled in the sheet recesses 14 according to the

characteristics required for the pushbuttons, e.g. an

engineering plastic material or a synthetic'resin
elastomer. As the material of the formed sheet 23 and the
molteﬁ resin material 27 to be injected, it is preferable
to use syntheticiresin materials that thermoweld to each._
other.

Integration of Keys into Control Panel

Next, a method of integrating the completed key
sheet 24 into the control panel will be shown. Fig. 5 is a
sectional view showing the way in which the key sheet 24

is secured to a control panel [for electronic equipment

- 11 -
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accqrding to a first embodiment. The key sheet 24 is
inserted into the case cover 3 so that each pushbutton 4
of the key sheet 24 projects from an opening 8 of the case
cover 3. A rib 30 is formed on the rear side in the case
cover 3 so as to surround each opening 8.

A secured portion 32 oflthe key sheet 24 is
thermowelded to an end surface 31 of the rib 30. The
thermowelding is ultrasonic welding. -In ultrasonic welding,
ultrasonic vibrational energy as applied to the secured
portion 32 is converted to mechanical vibrations at the
joint area between the end Surface 31 of the rib 30 and
the key sheet 24, which generate frictional heat at the
joint area, melting the end surface 31 and the key sheet
24 and allowing them to weld together at the joint area.

Fig. 6 shows an example in which the joint of the

" end surface 31 of the rib 30 and the key sheet 24 is

effected by hot staking. A projection 35 is formed on the
end surface 31 of the rib 30. Aﬁ opening 36 has.previously
been formed in the secured portion 32 of the key sheet 24.
To integrate the key sheet 24 into the case cover 3, the
projection 35 is inserted into the opening 36 of the key
sheet 24. Next, the distal end of the projection 35 is
deformed by pressing with a heated staking tool 37 to form
a staked portion 38 for joining together the case cover 3
and the key sheet 24.

| A plurality of staked portions 38 are provided

around the respective openings 8. The case cover 3 and the

key sheet 24 are integrated into one unit. Moreover, the

- 12 -
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joint of the end surface 31 of the rib 30 and the key
sheet 24 is effected by thermowelding. Therefore, there is
no possibility of a foreign matter or moist air entering
the inside of the electronic equipment from the outside.
An actuator 39 is inserted into a sheet recess 14 of the
key sheet 24 where no resin material is filled. The
pushbutton 4 drives a switching device 41 or the like
mounted on a printed-circuit board 40 through the actuator
39.

Second Embodiment

Fig. 7 shows a second embodiment of the presént
invention, which is a sectional view showing another key
sheet as secured to a control panel for electronic
equipment. In the key sheet 24 according to the foregoing
first embodiment, the body portion is filled in each
pushbﬁtton 4 by injection molding. In the second
embodiment, pushbutton bodies 45 are produced in another
process in advance_and secured to a formed sheet 42 by
welding. A single~cut sheet 10 is formed into a shape
having a sectional structure as shown in Fig. 7 by
thermoforming aé stated above to obtain a readily
deflectable formed sheet 42.

Meanwhile, pushbutton bodies 45 are molded of a
material such as an engineering synthetic resin material
in advance and cut off from each other individually. A
cylindrical actuator 46 is integrally formed on the lower
side of each pushbutton body 45. The formed sheet 42

subjected to thermoforming is provided with openings 43 at

- 13 -
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respective positions corresponding to the pushbutton
bodies 45. The actuators 46 of the pushbutton bodies 45
are inserted into the openings 43.. Secured portions 44 of
the formed sheet 42 are thermowelded to the resﬁective end
surfaces 31 of the ribs 30 of the case cover 3. Similarly,
the lower side of each pushbutton body 45 is thermowelded
to the uppér side of the formed sheet 42. It is desirable
to use ultrasonic welding for these thermowelding
processes. However, it is also possible to use hof staking
as stated above.

Other Embodiments

Although iﬁ the foregoing embodiments an example in
which pushbuttons are provided on the case cover of a
portable telephone has been described, the present
invention is not necessarily limited thereto but may al;o
be applied to other members as long as they similarly
perform the function of supporting pushbuttons. In the
present invention, therefore, these members are generally -
called “control panels”. It should be noted that in the
second embodiment indications are printed on the formed
sheet 42 by the above-described méthod. Alternatively,
indications are printed on the upper or lower sides of the
pushbutton bodies 45.

In a case where indications are printed on the
formed sheet 42, the pushbutton bodies 45 are preferably
formed by using a transparent material. In a case where
the formed sheet 42 having print layers and the pushbutton

bodies 45 are joined together by ultrasonic welding, it is

- 14 -
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preferable to mix a primer agent into the print layers
with a view to improving weldability.

In the foregoing embodiment, the end surface 31 of
the rib 30 of the case cover 3 and the secured portion 32
of the key sheet 24 are secured together by ultrasonic
welding. However, the process may be such that the rib 30
is previously coated with a primer, e.g. a silicon primer,
and the key sheet 24 and the case cover 3 are thermowelded
with the primer interposed therebetween. When injection
molding is ca;ried out under conditions where the
temperature of the molten resin material for injection
molding is low, the key sheet 24 and the case cover 3 may
be bonded together by an adhesive action in place of
thermowelding.

In this case, an adhesive is applied to the rib 30
of the cése cover 3 in advance, and the rib 30 and the
secured portion 32 of the key sheet 24 are bonded togethe;.
At this time, the key sheet 24 and the case cover 3 are
bonded together mainly by an adhesive action, not by
thermowelding. Accordingly, the material of the case cover
3 is not necessarily limited to engineering plastic
materials, but other materials may be used, for example, a
magnesium alloy formed by injection molding, a metal sheet
formed_by plastic forming, and a die casting alloy formed
by die casting.

In the foregoing embodiment, the distal end of the
projection 35 is deformed by pressing with the heatéd

staking tool 37 to form a staked portion 38 for joining

- 15 -
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together the case cover 3 and the key sheet 24. 1In a case
where the case cover 3 is a metal, the staking tool 37
need not be heated but may be an ordinary staking tool 37.
The staking tool 37 causes a part of the projection 35 to
be plastically deformed, thereby securing the key sheet 24°
to the case cover 3.

As has been detailed above, the pfesent invention
allows a control panel exhibiting excellent hermeticity to
be produced in a reduced number of process steps. Because
the indica;ion of each pushbutton is covered with the
outer skin and positioned on the rear side, it is possible
to prevent the indication from being stained or separated
by the touch with a finger or the like.

It should be noted that the present invention is not
necessarily limited to the foregoing embodiments but can
be modified in a variety of ways without departing from

the gist of. the present invention.

- 16 -
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WHAT IS CLAIMED IS:
1. A control panel having a sheet-formed pushbutton
unit, said cont;ol panel comprising:
a control panel member for electronic equipment or
the like; | |
a pushbutton inserted in an opening formed in said
control panel member; and |

a formed sheet of a thermoplastic synthetic resin

‘materiai, said formed sheet being secured to said control

panel member to support said pushbutton with respect to
said control panel member by elastically bending, and said
formed sheet being so formed as to serve as an outer skin
of said pushbutton.

' 2. A control panel having a sheet-formed pushbutton
unit according to claim 1, wherein said control panel
member is made of a thermoplastic synthetic resin material,
and said formed sheet and said control.panel member are
secured together into one unit by thermal joining .in which
plastic deformation is caused by heating.

3. A control panel having a sheet-formed pushbutton

"unit according to claim 1, wherein said control panel

member is made of a metal, and said formed sheet and said
éontrol panel member are secured together into one unit by
staking in which said control panel member is plastically
deformed. |

4. A control panel having a sheet~formed pushbutton
unit according to claim 2, wherein said thermal joining is

ultrasonic welding using ultrasonic vibrational energy.

- 17 -
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5. A control panel having a sheet-formed pushbutton
unit, said control panel comprising:

a control panel member for electronic equipment or
the like;

a pushbutton body inserted in an opening formed in

said control panel member; and

a formed sheet of a thermoplastic synthetic resin
material, said formed sheet being seéured to said control
panel member to support said pushbutton body with respect
to said control panel member by elastically bending, said
pushbutton body being secured to said formed sheet.

6. A control panel having a sheet-formed pushbutton
unit according to claim 5, wherein said control panel

member is made of a thermoplastic synthetic resin material,

~and said formed sheet and said control panel member are

secured together into one unit by thermal joining in which
plastic deformation is caused by heating.
7. A control panel having a sheet-formed pushbutton

unit according to claim 6, wherein said thermal joining is

‘ultrasonic welding using ultrasonic vibrational energy.

8. A method of producing a control panel having a
sheet-formed pushbutton_unit, said method comprising the
stgps of:

forming a single-cut sheet of a thermoplastic
synthetic resin material to produce a plurality of
recesses thereon by thermoforming to prepare a formed
sheet, said recesses forming pushbutton outer skins;

inserting said formed sheet into an injection mold

- 18 -
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and filling a molten resin material into said recesses to

produce a key sheet; and

securing said key sheet and a control panel member
together into one unit by thermal joining.

9. A method of producing a control panel having é
sheet-formed pushbutton unit, said method comprising the
steps of:

thermoforming a single-cut sheet of a thermoplastic
synthetic resin material to prepare a formed sheet; and

securing together said formed sheet, pushbutton
bodies and a control panel member of a thermoplastic
synthetic resin material by thermal joining. |

10. A method of producing a control panel having a .
sheet-formed pushbutton unit according to claim 8 or 9,
wherein said thermal joining is ultrasonic welding using
ultrasoni; vibrational energy.

11. A method of producing a control panel having a

sheet-formed pushbutton unit according to claim 8 or 9,

wherein said cohtrol panel member is made of a metal, and

said formed sheet and said control panel member are
secured together into one unit by staking in which said

control panel member is plastically deformed.
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