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(57) A casing for an audiovisual equipment presents an outer appearance giving the impression of integrating a hole
area formed of a plurality of sound transmitting fine holes with the casing, thereby making the hole area unnoticeable.
This allows a viewer to easily concentrate on the screen by eliminating anything noticeable from the area surrounding
the screen, and also gives the outside of the casing a luxurious appearance. In order to make the hole area unnoticeable,

maintain good volume and quality of sound from the speaker, and arrange the diameter @d mm of the tapered fine holes
to be practically the smallest, the relationship between the diameter @d mm and the thickness T mm of the casing must
be expressed by the following formula: (1/6) x T mm < @d mm < 0.5 mm. When the fine holes are formed to be straight,
the relationship between the diameter @ds mm and the thickness tmm of the casing must be expressed by the following

formula: (1/5) x tmm < @ds mm < 0.5 mm.
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ABSTRACT OF THE DISCLOSURE

A casing for an audiovisual equipment presents
an outer appearance giving the impression of integrating
a hole area formed of a plurality of sound transmittihg
fine holes with the casing, thereby making the hole area
unnoticeable. This allows a viewer to easily concentrate
on the screen by eliminating anything noticeable from the
area surrounding the screen; and also gives the outside
of the casing a luxurious appearance. In order to make
the hole area unnoticeable, maintain good volume and
quality of sound from the speaker, and arrange the
diameter od mm of the tapered fine holes to be
practically the smallest, the relationship between the
diameter ¢d mm and the thickness T mm of the casing must
be expressed by the following formula: (1/6) X T mm £ od
nm € 0.5 mm. When the fine holes are formed to be
straight, the relationship between the diameter ods mm
and the thickness tmm of the casing must be expressed by

the following formula: (1/5) x tmm £ ¢ds mm £ 0.5 mm.
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BACKGROUND OF THE INVENTION
Field of the Invention

The present invention relates to a casing
(cabinet) for audiovisual equipment which casing has
holes through which sound is transmitted to the exterior
of the equipment from a built-in speaker, and also to a
method of producing the same.
Description of the Related Art

These days, i1n television receivers having
built-in speakers, many attempts are ﬁade Lo make the
area comprilsing numerous sound Eransmitting holes
(hereinafter simply referred to as “the hole area”) less
noticeable in order to present an attractive outer
appearance which gives the impression of integrating the
hole area with the casing. The objects of such attempts
are to allow a viewer to easily concentrate on the screen
by eliminating anything noticeable from the ares
surrounding the screen and to give the outside of the
casing a luxurious appearance. In addition to these
objects, another object of the present invention 1s to
omit a fractionating process‘for recycling audiovisual
equlpment .

Fi1ig. 10 shows one example of conventional hole
areas which are constructed as follows. A speaker net 40

having good air permeability adheres to a punching sheet
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41 having numerous holes 42 with a diameter of greater

than 0.5 mm. The resultant member is attached onto a

plurality of sound transmitting holes 43 having a

diameter of approximately 3 mm, which holes are arranged

> on the front or side surface of a casing (cabinet) 50 of

the television receiver.

However, the above construction presents the
following problems. Since the speaker net 40 cannot be
formed of the same resin material as the casing, but must

10 be formed of a fiber material or a metal gauze, it must
be separated and fractionated when the audiovisual
equipment 1s recycled. Moreover, the fibrous speaker net
1s expensive, and also, a considerable amount of time is
required for attaching the speaker net to the punching

15 sheet and the casing.

In small audiovisual equipment which is
directly provided with numerous sound transmitting holes
for a cabinet, the diameter of the holes is large
relative to the thickness of the casing. For example,

20 the holes have a diameter of approximately from 1 mm to 2
mm relative to the casing having a thickness from 0.5 mm
to 1.6 mm. Thus, the sound transmitting holes forming

the hole area are obviously noticeable and conspicuous in

terms of the outer appearance.

25 Even 1n a large casing, such as a television
recelver, no attempts have been made to decrease the

diameter of the holes until they become substantially

unnoticeable.
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One of the reasons for this is described as follows.
According to the conventional technique, it is believed

that the diameter @D mm of the mass—-producible holes must

be the same or larger than the thickness T mm of the
casing. Consequently, if it is desired that the diameter
of a plurality of holes forming the hole area be decreased
until they become unnoticeable in terms of the outer
appearance, the thickness of the casing must be decreased
in accordance with the diameter of the holes, thus failing
to ensure the physical strength of the casing.

Another reason is described as follows. It 1is easily
inferred that it will be difficult to technically arrange
such numerous unnoticeable fine holes so as to form a hdle
area, and thus only very low productivity can be achieved.

An object of the present invention is to provide a
casing (cabinet) which presents a good appearance without
requiring a conventionally-used speaker net and punching
sheet by forming a hole area comprising unnoticeable fine
sound-transmitting holes.

Accordingly, the invention relates to a casing for an
audiovisual apparatus having a sound-transmitting hole area
with a plurality of holes therethrough. The casing has a
thickness T, which is at least 0.5 mm throughout the sound-

transmitting hole area. Each hole has a width d wherein

the width d at the exterior surface of the casing
subscribes to the relationship: T/6 < d £0.5 mm. The

diameter is smaller than the thickness of the

-y, IWnﬁhmnﬂmmmaws-éuv»bm.nwﬂjmmm SOY s v PPN PN ) e
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surface of the casing, so that the hole area is
substantially unnoticeable.

A caslng according to a first embodiment of the

present 1nvention 1s constructed by one-shot molding.

More specifically, the casing and a hole area comprising
numerous sound transmitting fine holes are integrally
injection-molded. Thus, the numerous holes are arranged
on at least one of the surfaces of the casing so that the
hole area can be formed thereon. The fine holes have a

diameter smaller than the thickness of the surface.

A casing according to a second embodiment of

the present invention is constructed by double-shot
molding. More specifically, the casing is primarily
molded by the injection molding method, and then, the
hole area comprising numerous sound transmitting holes
are secondarily molded. Thus, the numerous holes are
arranged on at least one of the surfaces of the casing so

that the hole area can be formed thereon. The holes have

a diameter smaller than the thickness of the surface of

the casing.

A casing according to a third embodiment of the
present i1nvention 1s constructed by insert molding. A
sheet which includes a hole area comprising numerous
sound transmitting holes is placed in the mold in

advance. Such holes have a diameter smaller than the

thickness of the sheet and the surface of the casing.

Then, the casing is injection-molded. Thus, the numerous
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fine holes are arranged on at least one of the surfaces

- 5 -

-

of the casing so that the hole area can be formed

thereon.

A casing according to a fourth embodiment of

5 the present invention is constructed as follows. A sheet

transmitting holes is stuck to the front and side

surfaces of the casing including a plurality of holes

with a diameter of approximately 3 mm. The sound

10 transmitting holes arranged on the sheet have a diameter
which 1s smaller than the thickness of the sheet and the
surface of the casing. Thus, the numerous fine holes are
arranged on at least one of the surfaces of the casing so
that the hole area can be formed thereon.

15 A casing according to a fifth embodiment of the

present i1nvention is constructed as follows. The casing
1s first injection-molded. A plurality of sound
transmitting fine holes are produced on the casing by
numerical controlling (NC control) means using one of a
20  drilling machine, a machining center, a laser machine, a
punch press, a water jet, and electron beams. Thus, the
numerous fine holes are arranged on at least one of the
surfaces of the casing so that the hole area can be

formed thereon. The holes have a diameter smaller than

25 the thickness of the surface of the casing.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a sectional view of an essential
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portion of a television receiver according to a first
embodiment of the present invention:

Fi1g. 2 1s a front view of an essential portion
of a television receiver according to the first
embodiment of the present invention:

Fig. 3 1s an enlarged sectional view of an
essential portion of fine holes according to the first
embodiment of the present invention:

F1g. 4 1s an enlarged sectional view of an
essential portion of another type of fine holes according
to the first embodiment of the present invention:

Fig. 5 1s a front view of an essential portion
showing one arrangement for the fine holes according to
the first embodiment of the present invention;

Fig. 6 1s a front view of an essential portion
showlng another arrangement for the fine holes according

to the first embodiment of the present invention:

Fig. 7 1s an enlarged sectional view of an
essential portion of a hole area and fine holes according
to a second empbodiment of the present invention:

Fig. 8 1s an enlarged sectional view of an
essentlial portion of another type of hole area and fine
holes according to the second embodiment of the present
invention:

Fi1g. 9 1s a sectional view of an essential
portion of a television receiver according to a fourth

embodiment of the present invention: and
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Fig. 10 1s a sectional view of an essential

portion of a conventional television receiver.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

First Embodiment

Figs. 1 - 6 show a television receiver 100A and
an area comprising holes through which sound is
transmitted according to a first embodiment of the
present invention. The television receiver 100A includes
a predetermined electronic circuit substrate 20 and also
accommodates a CRT (cathode-ray tube) 4, a speaker body 2
and a speaker box 3 within a casing 1A.

The casing 1A can be produced by inijection-
molding a resin member, for example, polystyrene (PS).
The casing 1A 1s provided with a sound transmitting hole
area 5 comprising a plurality of sound transmitting holes
6A on at least one of the surfaces, for example, the
front surface (the surface facing viewers) and a side
surface as shown i1n Figs. 1 and 2. The sound
transmitting fine holes 6A have a diameter of less than
the thickness of the surfaces of the casing, for example,
1.6 mm.

As 1llustrated in Fig. 3, the sound

transmitting fine holes 6A are formed to be tapered such

that they have a greater diameter ¢D adjacent to the

interior of the casing 1lA and a smaller diameter od

adjacent to the exterior of the casing 1A, and are

produced by one-shot molding integrally with the casing
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1A according to the injection molding method as stated
above.

Many patterns are avallable to arrange the
plurality of sound transmitting fine holes 6A. For
example, they may be arranged in a plurality of rows and
columns as shown 1in Fig. 5, or may be arranged
concentrically as illustrated in Fig. 6.

In this embodiment, inventors examined the
diameter of the sound transmitting fine holes 6A and the
pitch arrangement of the holes (hereinafter simply
reterred to as “the pitch”) when the hole area is formed
by arranging the sound transmitting holes 6A in a
plurality of rows and columns as shown in Fig. 5. The
diameter of the sound transmitting holes 6A was arranged

to be 0.3 mm, because as a result of our examination, we

found that the hole area provided for commonly-used dark-

colored casings was not noticeable if the diameter of the

holes was 0.5 mm or less. A casing having a plurality of

e

such sound transmitting fine holes, approximately 40,000

for a television receiver, can be mass-produced. This is

-

because the following production technigque is available.

An injection mold having a plurality of elongated pins is

produced with high precision, and then, resin molding is

pertormed at low pressure. The smaller diameter of the

sound transmitting holes advantageously makes the hole

area less noticeable. However, the smaller the dlameter,

the less effective such an advantage. That is, the
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effect gained by making the area even less noticeable is
very little. Also, if the diameter of the sound
transmitting holes is made smaller, more holes are
required in order to maintain good volume and quality of
> sound from the speaker. That 1s, 1t is necessary to have

more numerous narrower pins within the injection mold.
This accordingly requires an injection mold with higher
precision and a more advanced production technique, thus
inevitably resulting in an increase in the cost.

10 Therefore, the smallest practical diameter of
the sound transmitting holes must be determined so as to
balance the advantages gained by making the diameter

small and the disadvantages caused by the increased cost

required for such a purpose.

15 The diameter od mm of the sound transmitting
holes 6A must be the smallest practical size to such a
degree that the hole area is not noticeable andg that good
volume and quality of sound from the speaker can be
maintained. As a result of our examination, the

20 relationship between the thickness T mm of the casing 1A

and the diameter ¢dmm of the holes may be expressed as

follows:

(1/6) x Tmm € od mm < 0.5 mm

i

In this embodiment, the diameter of the sound
transmitting holes and the pitch therebetween were

25 determined as follows. AS shown in Figs. 3 and 5, the
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diameter ¢d of the holes adjacent to the exterior of the
casing 1A was 0.3 mm; the diameter oD of the holes
adjacent to the interior of the casing 1A was 0.6 mm: the
pitch to arrange the holes in the horizontal direction
(hereinafter simply referred to as “the horizontal
pitch”) was 1l.6mm; the pitch to arrange the holes in the

vertical direction (hereinafter simply referred to as

“the vertical pitch”) was 0.47 mm.
If the sound transmitting holes are constructed
of straight holes 6B shown in Fig. 4 instead of tapered

holes, the relationship between the thickness t mm of the

casing 1A and the diameter ¢ds mm of the sound

transmittling holes 6B may be expressed as follows:

(1/5) x t mm € ¢ds mm £ 0.5 mm

1/6 1n the previous expression is replaced by
1/5 1n this expression because pins within an injection
mold for straight holes must be smaller than the pins for
making tapered holes. In this embodiment, when t was 1.6
mm, ds was arranged to be 0.36 mm. The horizontal and
vertical pitches were arranged as the same or slightly
smaller than those of the tapered holes. The sound
transmitting holes 6B are integrally produced by one-shot
molding with the casing according to the injection
molding method in a manner similar to those of tapered

holes.

2116794
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It 1s more difficult to release the product

from the mold when the fine holes 6B are formed to be
straight than when the fine holes 6A are formed to be
tapered, and the strength of the pins within the mold for
forming the fine holes 6B is lowered. Thus, the diameter
of the sound transmitting holes was arranged to be 0.36
mm.

The shape of the sound transmitting holes is
not limited to a circle, but may be a polygon having a
diagonal line smaller than the thickness of the casing,

Oor an oval or an ellipse having a maximum chord smaller

than the thickness of the casing.

Also, the position on which the sound
transmitting holes are arranged is not limited to the
front and side surfaces of the casing, but may be placed

on a desired position, for example, on the top or bottom

surfaces, or curved surfaces at the corner of the casing.

In the first embodiment of the present

1nvention, since a speaker net and a punching sheet are
not used, an adhering operation can be omitted and the

hole area 5 can be produced simultaneously with molding
the casing 1A according to the one-shot molding method,

thus resulting in higher productivity than the

conventional construction.

Second Embodiment

The second embodiment differs from the first

embodiment in the method of molding the hole area

2116794
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arranged on the surface of the casing. More

specifically, the casing is primarily molded according to
the i1njection molding method, and then, the mold is moved
Or turned sO as to secondarily mold the hole area. This
1s called a double-shot molding method. Since the hole
area 1s secondarily molded, the mold can be constructed
simply, and also, the type of material forming the hole
area produced by the secondarily molding can be varied.
Figs. 7 and 8 are sectional views of essential portions
of the casing and the hole area formed by double-shot
molding.

Referring to Fig. 7, the thickness of the
casing 1C formed by the primary molding is equal to that
of the hole area 5C formed by the secondary molding, and
the sound transmitting fine holes 6C are tapered. The
thickness of the casing, the diameter and the vertical
and horizontal pitches of the holes are the same as those
in the first embodiment. Further, projected and recessed
portions 70 are formed in the central area along the
thickness of the casing in order to avoid the separation
of the casing 1C and the hole area 5C.

Referring to Fig. 8, the thickness of the
casing 1D formed by the primary molding differs from that

of the hole area 5D formed by the secondary molding, and

the sound transmitting fine holes 6D are made straight.

.-

More specifically, the thickness of the hole area 5D is

arranged to be one half or less than that of the casing
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1D, thereby simplifying the formation of the holes 6D.
The thickness of the casing, the diameter and the
vertical and horizontal pitches of the holes are the same
as those i1in the first embodiment.

5 In the second embodiment shown 1n Fig. 8, the
thickness of the hole area 5D was arranged to be O.6mm;
the diameter of the straight holes was arranged to be 0.3
mm; the horizontal and vertical pitches of the holes were
arranged to be 1.6 mm and 0.47 mm, respectively.

10 In the second embodiment, the type of material
forming the casings 1C and 1D and that of the hole areas

5C and 5D can be varied according to necessity.

Third Embodiment
A third embodiment employs the insert molding
15 method, a different method of molding the casing and the
hole area from the first embodiment.

More specifically, a sheet including sound
transmitting fine holes having a diameter smaller than
the thickness of the sheet is placed in the mold in

20 advance, and then, a material forming the casing is
injection-molded. In the third embodiment, the thickness
of the sheet was arranged to be, for example, from 0.4 mm
to 0.5 mm, and the diameter of the fine holes formed to
be straight was arranged to be 0.3 mm (not shown).

25 The sheet with the fine holes is formed of a

different material and in a different process from the

casing. For example, the casing is formed by injection-
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molding a resin material, such as PS, and the sheet 1S
formed of a resin film comprising PS, polyester, or the
like. Because of this, the hole area can be produced

more easlily than that in the second embodiment. Needless

to say, the sound transmitting holes may be formed to be

tapered.

Further, the third embodiment is easily
adaptable for various modifications and situations, such
as a varilation in the arrangement of the sound
transmitting holes, frequent changes in the type of
television receivers and an extremely small number of
lots comprising one type of apparatus.

The sound transmitting holes are provided for
the sheet according to one of various methods. For
example, a PS resin film sheet formed of a hoop material
(band-1li1ke winding material) is produced by numerical
controlling (NC control) means using one of a drilling
machine, a machining center, a laser machine, a punch

press, a water jet, and electron beams.

Fourth Embodiment

In a fourth embodiment of the present

invention, a sheet produced in a different process from

the casing 1s attached to at least one of the surfaces of

the casing.

More specifically, as shown in Fig. 9, the

sheet 8 which forms a hole area by providing sound

transmitting holes 9 and the casing 1E are produced
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separately, and the sheet 8 is attached to the front or
side surface of the casing 1lE. The casing 1lE is provided
with a plurality of cabinet sound holes 7 in a
predetermined area which holes have a rectangular size of
3 mm or a diameter of approximately @3 mm. The sound
transmitting holes forming the hole area as stated above
must satisfy the following conditions according to the
shape of the holes: the circular holes must have a
diameter smaller than the thickness of the sheet: the
polygonal holes must have a diagonal line smaller than
the thickness of the sheet: the oval or elliptic holes

must have a maximum chord smaller than the thickness of

the sheet.
In this embodiment of the present invention,

the sheet 8 was formed of, for example, a PS resin film

having a thickness from 0.4 mm to 0.5 mm; the sound

transmitting holes 9 formed to be straight had a diameter
of 0.3 mm; the vertical and horizontal pitches were equal
to those 1n the first embodiment (not shown). Needless
CLO say, the holes may be formed to be tapered.

It 1s possible to produce the sheet 8 with the

sound transmitting holes formed of a different material

1n a different process from the casing in this fourth
embodiment as well as in the third embodiment. For
example, the casing 1lE may be formed by 1injection-molding
a resin material, such as PS, and the sheet 8 may be

formed of other kinds of materials, such as a metal film

2116794
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sheet, a ceramics sheet, or a paper sheet, suitable for a
recycling fractionating process. Of course, the sheet 8
can be formed of the same resin film. Because of this,

the hole area can be produced more easily than that of

the second embodiment, thus achieving even higher

productivity. The sound transmitting holes 9 are
produced according to one of various methods. For

example, a PS resin film sheet formed of a hoop material

1s produced by numerical controlling (NC control) means

using one of a drilling machine, a machining center, a

laser machine, a punch press, a water jet, and electron

beams.

Fifth Embodiment

In a fifth embodiment of the present invention,

the sound transmitting fine holes are arranged on at

plmte

least one of the surfaces of the casing so as to form the

hole area. The holes have a diameter smaller than the

thickness of the surface of the casing. The sound

transmitting holes are punched on the injection-molded
casing 1n a different process from the casing by such

means as machining or electronic energy.

“ormed

[ .

The casing without a hole area is first

by 1njection-molding a PS resin. Then, a plurality of

sound transmitting holes are punched on at least one of

the surfaces of the casing so as to form the hole area.
The sound transmitting holes must satisfy the following

conditions according to the shape of the holes: the

2116794
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circular holes must have a diameter smaller than the
thickness of the sheet; the polygonal holes must have a
diagonal line smaller than the thickness of the sheet:
the oval or elliptic holes must have a maximum chord

> smaller than the thickness of the sheet.

The holes are punched by numerical controlling

g

means using one of a drilling machine, a machining

center, a laser machine, a punch press, a water jet, and

electronic beams (not shown).

10 A mold may be constructed in a manner similar

to that of a mold for forming a conventional casing. The

fifth embodiment is easily adaptable for various
modifications and situations, such as a variation in the
arrangement of the sound transmitting holes, fregquent

15 changes in the type of television receivers and an

extremely small number of lots comprising one type of

apparatus.
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The embodiments of the invention in which an exclusive

property or privilege is claimed are defined as follows:

1. A casing for an audiovisual apparatus, the casing
having an exterior surface and having a sound-transmitting
hole area therein, said sound-transmitting hole area having
a plurality of holes and a thickness T throughout said hole

area of at least 0.5 mm, and each hole having a width d,
the width d of any one of said holes at said exterior

surface of said casing subscribing to the relationship:

T/6 £ d < 0.5 mm

2 . The casing as claimed in claim 1, wherein the
thickness T of said casing throughout said sound-

transmitting hole area is no greater than 1.6 mm.

3. The casing as claimed in claim 1 or 2, wherein
said width d of any one of said holes at said exterior

surface of said casing is in the range of 0.3 mm to 0.5 mm.

4. The casing as claimed in any one of claims 1 to

3, wherein each of said holes has a constant width along

its length.

v tEmees sbhrdvsipba vl



©. The casing as claimed in claim 5, wherein each of
sald holes is tapered along its length and has its smallest

width at said exterior surface of the casing.

7. The casing as claimed in any one of claims 1 to

6, wherein each of said holes has a circular cross-section.

8 . An audiovisual apparatus including a casing as

claimed in any one of claims 1 to 7.

9. A method of producing a casing for an audiovisual
apparatus, comprising: forming a casing having an exterior
surface and having a sound-transmitting hole area therein,
sald sound-transmitting hole area including a plurality of
holes having a width d; said casing being formed to have a

thickness T of at least 0.5 mm throughout said hole area:
and wherein said casing is formed such that the width d in

millimetres, of any one of said holes at said exterior

surface of said zasing, subscribes to the relationship:

T/6 < d £ 0.5 mm

P A AL e 4 Nritrand s Bl K13 P2abals ) KON RAENA TELIG ) LM
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11. The method as claimed in claim 9 or 10, wherein
sald casing is formed such that said width d of any one of

sald holes at said exterior surface of sald casing is in

the range of 0.3 mm to 0.5 mm.

12. The method as claimed in any one of claims 9 to

13. The method as claimed in any one of claims 9 to

11, wherein said casing is formed such that each of said

holes is tapered along its length.

14. The method as claimed in claim 13, wherein said
casing is formed such that each of said holes is tapered

along its length and has its smallest width at said

exterior surface of the casing.

15. The method as claimed in any one of claims 9 to

14, wherein said casing is formed such that each of said

holes has a circular cross-section.

as '*'-MWMMwm4wmglq1ne. iy cammle ey



17. The method as claimed in claim 16, wherein said

sound-transmitting hole area of said casing including said
plurality of holes is simultaneously formed with said

casing by a single injection moulding process.

18. The method as claimed in claim 17, wherein said

plurality of holes in said sound-transmitting hole area of

said casing is formed by a plurality of pins comprising

part of the mould.

19. The method as claimed in claim 16, wherein said

sound-transmitting hole area of said casing including the

plurality of holes is integrally formed with said casing by

a secondary injection moulding process subsequent to a

primary injection moulding process for forming said casing.

20. The method as claimed in claim 19, wherein the

material used for forming said casing in the primary

injection moulding process is different from the material

Blerenelieraamad s Al AT 0 1 M0 SE M et e 3 - el e
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used for forming said hole area in the secondary injection

moulding process.

21. The method as claimed in claim 16, wherein said
casing is formed by placing a sheet having holes formed
therein in a mould and injection moulding said casing
around sailid sheet, said sheet having a thickness less than
that of said casing and said sheet generally comprising

sald sound-transmitting hole area of sald casing.

22. The method as claimed in claim 21, wherein said

sheet has a thickness of 0.4 mm Or more.

23. The method as claimed in claim 16, wherein said
casing is formed by injection moulding and by then

attaching to said casing a sheet having a plurality of

holes formed therein, said sheet having a thickness less
than that of said casing and said sheet generally
comprising said sound-transmitting hole area of said

casing.

24. The method as claimed in claim 23, wherein said

sheet has a thickness of 0.4 mm Or more.
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a4 processor-controlled apparatus selected from a laser, a

drilling machine, a punching press, a water jet device or

an electron beam device.

26. An audiovisual apparatus formed by a method as

claimed in any one of claims 9 to 25.
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FIG. 3

INTERIOR
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