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etc, have been agai n exambpedriistiesent years
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| TECHNICAL FIELD
In structures made of thin metallic external sheets
such as those used for automobiles, building materials,
furniture, electrical appliances, etc, the present
10 invention relates to a thin metallic sheet structure
capable of reducing the sound generated when the external
sheets are tapped or patted;
BACKGROUND ART
Outer steel structures using thin metallic sheets
15 such as a stéel'sheet, for durable consumer goods such as
automobiles, building materials, furniture, electrical
appliances, etc, have been again examined in recent years
because they are advantageous from the aspects of
recycling properties, removal of detrimental substances
- 20 in processing of the wastes, and ecology. When means for
reducing the thickness of a metallic external sheet by
supporting the external sheet by reinforcing beams so as
to reduce the weight is employed, tapping the metallic
external sheet is likely to spoil the commercial value of
25 products since the metallic external sheet is generally
as thin as about 1 mm. In other words, when such a thin
metallic sheet is tapped or patted, a sound inherent to
the metal (the sound is an offensive and low-grade noise
because it is not heavy and low) occurs, and the value of
30 the product itself might be spoiled by this noise.
Particularly in the case of products for home use, tone
quality and quietness of the tapping sound of the
external plate, which is generated for some reason or
other, is one of the important factors for providing a
35 feeling of high quality to the product.
A sheet material produced by sandwiching a resin
film between thin metallic sheets and called a
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10 Japanese Unexamined Patent Publication (Kokai)
No. 62-27143 discloses a composite vibration-proofing
steel sheet which can withstand bend-machining at a small
bending radius by simultaneously heating and shaping a
metallic sheet and a vibration-proofing material without
15 using an adhesive, and Japanese Examined Utility Model
Publication (Kokoku) No. 6-49743 describes a steel sheet
for a floor produced by the steps of applying a polymer
resin to a part of a bent steel sheet to obtain a thin
steel sheet and bonding the thin steel sheets by a
20 polymer resin so as to damp a sound.

These proposals are based on the premise that the
thin steel sheets and a plastic material as the
vibration-proofing material are finally bound together.
When the structure requiring an adhesive is employed, the

25 increase of the cost of the adhesive and the drying time
render the disadvantages for the production, and
deterioration of the adhesive might occur depending on
temperature and the passage of time. In the case of
electric home appliances, in particular, electrical

30 _ components inside the casing exist under exothermic
condition, and counter-measures for thermal degradation
of the adhesive and for possible fire hazards become
necessary. '

Further, Japanese Unexamined Patent Publication

35 (Kokai) No. 61-182820 discloses an invention wherein the
ratio of thickness of three layered steel sheets is
selected within a specific range and these steel sheets



L 2- "vi bration-proofing steel sheet" has been used in the

past as the netallic external sheet satisfying the object descri bed
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SUMMARY OF THE INVENTION

To solve the problems described above, the present

10 invention is directed to provide a thin metallic sheet
structure having excellent sound damping characteristics
which can lower the sound level of the sound, which is
inherent to a metal and is generated when a thin metallic
structure is tapped or patted, and can damp quickly the

15 sound, by a simple structure.

The gist of the present invention for accomplishing
the object described above resides in the following
points.

(1) In a flat sheet-like or box-like structure

20 comprising a thin metallic external sheet and beams for
reinforcing the external sheet, a thin metallic sheet
structure having excellent sound damping characteristics
according to the present invention employs the
construction wherein the reinforcing beams are brought

25 into contact with one of the surfaces of the thin
metallic external sheet through a sound damping sheet,
and a coupling state between the sound damping sheet and
the thin metallic external sheet or the reinforcing beams
is a non-coupling state or a discrete coupling state on

30 at least one of the surfaces of the sound damping sheet.

(2) In the thin metallic sheet structure having
excellent sound damping characteristics described in the
item (1), the sound damping sheet comprises a plastic
sheet, paper, a rubber sheet or a woven fabric sheet.

35 (3) In a flat sheet-like or box-like structure
comprising a thin metallic external sheet and beams for

reinforcing the external sheet, a thin metallic sheet
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(4) In a flat sheet-like or box-like structure
comprising a thin metallic external sheet and beams for

10 reinforcing the external sheet, a thin metallic sheet
structure having excellent sound damping characteristics
according to the present invention employs the
construction wherein a sound damping sheet is brought
into contact with a part, or the entire surface, of one

15 of the surfaces of the thin metallic external sheet at a
non-reinforcement portion by support members, and a
coupling state between the sound damping sheet and the
thin metallic external sheet is a non-coupling state or a
discrete coupling state.

20 Fig. 1 shows the basic structure of the present
invention. A sound damping sheet 3 is pressed to
substantially the entire inner surface of an external
sheet 1 conéisting of a thin metal sheet by two
reinforcing beams 2 and fastening members 4 made of a

25 metal, or the like. On the other hand, Figs. 10(a) and
10(b) show the modified embodiments of the present
invention, wherein each of two sound damping sheets 3 -is
pressed to the inner surface of a structure comprising a
thin metallic external sheet 1 and three reinforcing

30 members 20. The dumping sheet 3 is pressed between the
reinforcing members 20, by three support members 21.

The thin metallic sheet is not particularly limited,
and if any sound problem exists in a flat sheet-like or
box-like structure comprising a cold rolled steel sheet,

35 a hot rolled steel sheet, a surface treated steel sheet,
an aluminum alloy sheet, a titanium sheet, a copper
sheet, and so forth, the present invention can be



£ 3- are locally fused so as to inprove vibration-proofing
performance by utilizing the friction between the nmetallic sheets.
However, the use of the |am nated steel sheets is not preferable for
t hose products whose weight 5 nmust be r-educed, and various problens are
yet |left unsol ved for applying this invention to products for
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sheet fire-proofness, water -proofness, etc., dependlng on the
environment in which it is used.

10 The sound damping sheet 3 and the thin metallic
sheet 1 need not always be in contact over the entire
surface (refer to the analytical result of Fig. 6 wherein
the contact state is changed by the difference of the
sheet thickness of the later-appearing sound damping

15  sheet). The thin metallic sheet 1 as the external sheet
and the sound damping sheet 3 must be in mutual contact
at least at the reinforcing beams and/or the support
members. Due to this contact, not only absorption of the
vibration occurs but also chord vibration (viscous

20 damping vibration) of the sound damping sheet 3 occurs
due to acoustic coupling with the vibration of the thin
metallic external sheet 1. In consequence, a sound
damping effect which is far greater than the effect of
the vibration of the thin metallic sheet alone develops

25 (refer to the later-appearing Figs. 4 and 5).

The smaller the distance between the thin metallic
external sheet 1 and the sound damping sheet 3 between
the reinforcing beams 2, the higher becomes acoustic
coupling. Therefore, the support width of the sound

30 damping sheet 3 by the reinforcing beams 2 (that is, the
width of the reinforcing beams) is preferably greater.

The explanatioh described above is given on the
assumption that the thin metallic external sheet 1 and
the sound damping sheet 3 are under the non-coupling

35 state. However, the drop of the acoustic coupling effect
due to deflection of the sound damping sheet 3 when the

distances between the reinforcing beams 2 are great or



structure having excell ent sound danping characteristics according to
the present invention enploys the construction wherein the
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nmetallic sheet metallic external sheet and the sound damping sheet is a
film vibration. It is assumed that the sound damping
effect in the present invention greatly relies on the
frictional damping effect between the beam vibrations,

10 and film vibrations. Therefore, when the sound damping
sheet is interposed between the thin metallic external
sheet and the reinforcing beams, the coupling state
between the sound damping sheet and the thin metallic
external sheet or the reinforcing beams is most

15 preferably the non-coupling state in order to obtain a
great sound damping effect in the proximity of the
reinforcing beams. When the rigidity of the thin
metallic sheet structure must be improved, however, a
sufficient sound damping effect can be obtained even when

20 the coupling state is partly a discrete coupling state.
Incidentally, the term "discrete coupling state" means
the coupling state in which the sound damping sheet and
the thin metallic external sheet and the reinforcing
beams are coupled partially with certain gaps between

25 them but not the state where they are coupled with one
another over -the entire sheet surface (see Fig. 3). 1If
the coupling state is the complete and continuous
coupling state, the frictional damping effect is lost,
and such a coupling state is not desirable.

30 Fig. 4 shows the results of analysis of the sound
generated when the external plate of a box structure made
of a 0.75 mm-thick thin steel sheet was patted was
analyzed in terms of the time change of the sound
pressure level (dB) in accordance with the frequency for

35 each of a Comparative Example under a bare steel sheet
state and an Example of the present invention wherein the

sound damping sheet was added.



structure having excellent sound danpi ng characteristics according to
the present invention enploys the construction wherein the
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10 Here, the term "damping coefficient" is the coefficient

of the exponent portion obtained by conducting regression
of the time change of the sound pressure by an
exponential function, and represents k in the following
formula:

15 sound pressure = maximum sound pressure x exp(-k-t)

where k: damping coefficient
t: time lapsed (second)
Fig. 5 additionally shows the results of analysis

when a box structure made of a vibration-proofing steel

20 sheet prepared by fusing two 0.3 mm-thick steel sheets by
a resin film according to the prior art is tapped as a
Comparative Example, and when a steel angle (L-shape:
10 mm (width) x 10 mm (height) x 1 mm (thickness) x 60%
of length of a reinforcing beam is further bonded to a

25 part of the reinforcing beam as an Example of the present
invention and the resulting structures is tapped. It can
be seen from the results of Fig. 5 that the structure of
the present invention is superior in the sound pressure
suppressing effect (particularly in a low sound range),

30 has excellent damping characteristics (damping which is 3
‘to 5 times faster in a sound range of at least 800 Hz, in
particular), and has the sound pressure suppressing
effect and sound damping performance at least equal to
the box structure made of the vibration-proofing steel

35 sheet. 1In this way, a thin metallic sheet structure
which does not generate offensive noise when patted and
has excellent acoustic damping characteristics can be



reinforcing beans 2 and fastening nmenbers 4 made of a 25 metal, or the
like. On the other hand, Figs. 10(a) and 10(b) show the nodified
enbodi ments of the present i nvention, wherein each of two sound
danpi ng sheets 3 is pressed to the i mé -surface of a structure
conprising a thin metallic external sheet 1 and three reinforcing 30
menbers 20. The dunping sheet 3 is pressed between the rei nforcing
menbers 20, by tlaceeomplgsdved -mrenbers 21. The thin netal lic sheet
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-5- accordance wi a required strength, a weight limit,
water-proofness, heat resistance, production cost, and so
forth. If the conditions such as the required strength
and the like are satisfied, a preferred structure is the

one wherein the reinforcing beams are made of a plastic
10 and/or plastic composite material and are directly
pressed to the thin metallic external sheet 1, because
such a structure allows the reinforcing beams function to
partly exhibit the function of the sound damping sheet.

The support member 21 preferably has a flexible

15 structure so that the sound damping sheet 3 can be
brought into reliable contact with the thin metallic
external sheet 1.

In the structure of the present invention,

sufficient sound damping characteristics can be obtained,

20 too, when the reinforcing beams and the thin metallic
external sheet 1 are discretely bonded at portions other
than the end portions of the reinforcing beams. When the
thin metallic external sheet 1 serves as the external
surface of the product, however, the external surface of

25 the bonded portion must be again finished in many cases
to a smooth surface from the aspect of appearance so as
to avoid a drop in a commercial value. Therefore, the
structure wherein the reinforcing beams 2 and the thin
metallic external plate 1 are bonded only at their end

30 portions is preferred, because the joint portions can be
concealed from the external surface by so doing.

To obtain the vibration-proofing effect, it is
important that the reinforcing beams 2 come into contact
with the external sheet 1 through the sound damping

35 sheet 3. Therefore, each reinforcing beam can be
preferably pressed independently to the thin metallic
external sheet and can be independently adjusted.



sinifarly applied to them From t he aspect of vibration danping,

any nmateri al such as paper or plastic having considerable flexibility
can be used for the sound danping sheet 3, and rubber and 5 woven
fabric of organic or inorganic fibers (plast®cs, carbon, glass, etc.)
can be used. Suitable materials may be sel ected in consideration of
the heat resistance, fire-proofness, water-proofness, etc., depending
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Fig. 3(a) is a perspective view of principal portions and
Fig. 3(b) is an enlarged sectional view;
Fig. 4 is analytical diagrams showing comparatively
the effects of the present invention with the effects of
15 a Comparative Example (time axis - sound pressure),
Fig. 4(a) shows Comparative Example and Fig. 4(b) shows
the present invention.
Fig. 5 is an analytical diagram showing
comparatively the effects of the present invention with
20 the effects of a Comparative Example (frequency-v-sound
pressure diagram and frequency-v-damping coefficient
diagram) ; '
Fig. 6 is an analytical diagram showing
comparatively the difference of the effects by the
25 thickness of a sound damping sheet according to the
present invention with a Comparative Example (frequency-
v-sound pressure diagram and frequency-v-damping
coefficient diagram);
Fig. 7 is an analytical diagram showing
30 comparatively the difference of the effects of a sound
damping sheet (material) of the present invention in
comparison with a Comparative Example (f;equency-v—sound
pressure diagram and frequency-v-damping coefficient
diagram);
35 Fig. 8 is an analytical diagram showing
comparatively the difference of the effects of a support

span of reinforcing beams of the present invention in



The small er the distance between the thin netallic external sheet 1
and the sound danpi ng sheet 3 between the reinforcing beans 2, the

. hi gher beconmes acoustic coupling. Therefore, the support wi dth of the
sound 30 danpi ng sheet 3 by the reinforcidy beans 2 (that is, the

wi dth of the reinforcing beans) is preferably greater. The

expl anation descri bed above is_given on the a tion that the thin
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ef fect due to deflection of the sound danping sheet 3 when the
di st ances bet wee1@HE3Pdiinf or ci ng beams 2 are great or
- 6- when the sagnd9odaspianganhégtidails diagrampsbowsadgby t he

reinforcing beamg 2 bul i 3eq6" €h¥ Bi2¥aBEALA! 8CRALAGE fects by the width
(cover zone) of the sound damping sheet of the present
invention in comparison with a Comparative Example
( frequency-v-sound piessure diagram and frequency-v-
damping coefficient diagram); and
10 Fig. 10 shows the modified embodiments of the
present invention, wherein Fig. 10(a) is a perspective
view and Fig. 10(b) is a sectional view taken along a
line B-B.
THE MOST PREFERRED EMBODIMENTS
15 Hereinafter, the present invention will be explained
in further detail with reference to the drawings. '
_ Fig. 1 shows a basic structural example of the
present invention. A sound damping sheet 3 made of
0.5 mm-thick craft paper is pressed to substantially the
20 entire internal surface of an external sheet 1 made of a
0.75 mm-thick thin steel sheet by two 1.6 mm-thick
reinforcing beams 2. '
As will be later described, the maximum sound
pressure can be restricted by the existence of the sound
25 damping sheet on the reinforcing beams (see Fig. 8), and
this suppression effect hardly has any relation with the
width of the sound damping sheet. Therefore, if a
product needs only damping of the maximum sound pressure,
an economical product can be produced by bonding a
30 rectangular sound damping sheet having a small width to
the reinforcing beams 3 and partially supporting the thin
metallic external sheet 1 as shown in Fié. 2.
When this structure is employed, it becomes
necessary to anchor the sound damping sheet 3 to the
35 reinforcing beams 2, but when the sound damping sheet 3
and the reinforcing beam 2 are laminated and punching is

conducted into the taper shape as shown in Fig. 3, simple



between the reinforcing beanms 20, can be avoi ded. The vi bration

formof the reinforcing beans is a 5 beam vi brati on, whereas the
vibration formof the thin netallic external sheet and the sound
-danpi ng sheet is a filmvibration. It %% -assunmed that the sound
danpi ng effect in the present invention greatly relies on the
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state is the conpfgeetand Thisi stpusture is preferable from the aspect of
the sound damping effect and effective utilization of the
material of the sound damping sheet.

Fig. 10 shows another modified example of the

15 present invention. The reinforcing beams 20 are directly
bonded to the thin metallic external sheet 1 (by welding
or bonding), and the sound damping sheet 3 is brought
into contact with the film portion of the thin metallic
external sheet 1 not haﬁing the reinforcing beams 2 by

20 using the support member 21, so as to provide the sound
damping effect of the sound damping sheet 3. 1In this
modified example, since the reinforcing beams 20 are
directly bonded (welded or bonded by an adhesive) to the
thin metallic external sheet 1, the rigidity of the

25 reinforcing beams can be exhibited most strongly by the
simple construction. In this case, frictional damping
does not develop on the reinforcing beams 20, but the
sound damping effect is brought forth by frictional
damping due to film vibration of the sound damping

30 sheet 3 and its wviscous damping.

Though the support members 21 are fitted in parallel
to the reinforcing beams 20 in this example, they may be
fitted crossly, or the support members 21 may be fitted
to the end portions of the thin metallic external sheet 1

35 in place of the reinforcing beams 21.

EXAMPLES

The effect of the present invention will be



coupling state, the frictional danmping effect is |ost, and such a
coupling state is not desirable. 30 Fig. 4 shows the results of
anal ysis of the sound generated when the external plate of a box
structure nmade of a 0.75 nmthick thin&steel sheet was patted was
anal yzed in terns of the tine change of the sound pressure | evel (dB)
I n accordance with the frequency for each of a Cbnparatlve Exanpl e
under a bare ste&PPEREERte furgbﬁ?ebﬁnﬁxaﬁptﬁénﬁhgrSP the present
invention wherein therhe eff88¥NgfdonRi BHisRAEEsVWBE @Hdedound damplng

b;re steel sheetS gg?ﬁggp i?Fgﬁmg%gigggﬁ ggaﬁghghacggrhsgigflgn Iev
t he sound pressupapern whs ssedcfarethe sound dhmppngseheetnﬁentlon (Flg.
4b) is as HQMIaS by 1ﬁﬂehothe thickness of craft paper is at least
0.15 mm even if the support span is 150 mm as shown in
Fig. 6; sag of the craft paper due to its own weight can
be kept to about 0.5 mm by the rigidity of craft paper
(sound damping sheet) itself and the tension effect by
10 the support of the reinforcing beams 2. As a result, the
drop of the sound damping effect cannot be recognized.

The effect of the material of the sound damping
sheet 3 will be explained by the examples which use
polypropylene, polystyrene, craft paper and synthetic

15 rubber for the sound damping sheet 3.

As shown in Fig. 7, the rubber type sound damping
sheet exhibits the highest suppression effect of the
maximum sound pressure and the highest sound damping
effect among the examples of the present invention, and

20 an extremely economical paper material exhibits
substantially similar effect as can be seen from Fig. 7.

Though the characteristics of polypropylene and
polystyrene are somewhat inferior to those of the rubber
as the sound damping sheet, they are more economical in

25 price than the rubber, and have excellent water-proofness
and heat resistance. Therefore, they are materials
having high utility.

The effect of the support span of the sound damping
sheet 3 will be explained by an example wherein the

30 support span is changed between 50 and 350 mm. The
support span is defined by the following formula as the
free span of the thin metallic external ;heet 1:
support span = (distance between centers of
reinforcing beams - width of
35 reinforcing beams)

As shown in Fig. 8, the damping effect (acoustic

effect of the thin metallic external sheet 1 and the



5 1/5 of the sound produced by the bare box and danmping is al so
faster, as can be seen fromFig. 4. Fig. 5 1s a graph obtained
by plotting again the anal ytical results described above in terns of
t he maxi mum sound pressure (dB) and < hk3 danpi ng coefficient. 10

Here, the term "danping coefficient” is the coefficient of the
exponent portion obtained by conducting regression of the time change
of the sound preSSHPE gympihg sheegydynbarAdy PHASLFoAL ARG SUPPEEENEPAR i n

the following of 3Borﬂmlabu&5the max1m§ﬁuaauaaegieegureWEéhnbalsound
pressure x exp( coe

n
t: time |apsed (§E8%ﬁ8?sed by the eﬁﬁategcﬁggf gBﬁaFPVnghaﬂEPﬁﬁg PBEEE: S of
anal ysi s wbanthebpginfouncingebeans . of Aa wahr bei andpreabbdg fxbeelth20

sheet prep ed b%r%ﬁﬁ'nghigosngrgg%&thgf§ggglhgpgf§shg¥ any. reig§§%ln

filn1accor I ng t g or
~and when a st eelwihll the|lsupppet span. 1®tnﬂagmbetﬁyrkh§® nndehetghd)fxom

mm (thickness) xt£8%raph tH&t'@HQtQogﬁdadéﬁgﬂﬁerétﬁgcgeég‘éﬁbgﬁéﬂeﬁéllgent

bonded to a 25 part of t he relnforC|ng m as an anpl e he pre
i nvention and t heh?eSaMei ¥heRt Fhet BRRBOFE £BPPedS NPtcgreater thangeen from
the results of Fig0 smmthat the structure of the present invention is

super i or [y the Sound,pLessuLe: of engRRAERSOGvEL' SShe(POE LAY BLNA' N @

damping sheet 3 will be explained by an example wherein
the width of the sound damping sheet is changed from a
width covering substantially the entire inner surface of
the thin metallic external plate to a width of 20 mm

15 covering only the reinforcing beam portion in the
rectangular form.

As shown in Fig. 9, it is most preferred in

connection with the width of the sound damping sheet 3.
that the width covers substantially the entire inner

20 surface of the thin metallic external sheet 1, from the
aspect of the sound damping effect. However, when the
structure wherein the sound damping sheet 3 cannot be
pressed to substantially the entire inner surface of thin
steel external sheet 1 for reasons of production cost or

25 design or, in other words, when the sound damping sheet 3
is divided into the rectangular shape and is fitted to
the reinforcing beams 2, the sound damping effect can
still be sufficiently obtained by setting the width of
the sound damping sheet to at least 50 mm (the support

30 span of the thin steel external sheet 1 of not greater
than 150 mm), as can be understood from the graph. As
described above, because the maximum sound pressure can
be suppressed by the existence of the sound damping sheet
on the reinforcing beams (see Fig. 8), the suppression

35 effect hardly has any relation with the width of the
sound damping sheet. 1In this way, a required sound
damping can be obtained, in accordance with the grade of



30 | has excel | ent danping characteristics (danmping which is 3 to 5

tinmes faster in a sound range of at |east 800 Hz, in particular), and
has the sound pressure suppressing ef fect and sound danpi ng
performance at |east equal to t he box ¥4rtcture nade of the

vi bration-proofing steel 35 sheet. In this way, a thin netallic sheet
structure whi ch does not generate offensive noise when patted and

has excel | ent ac&t€t PEOGAFFinYcRELCTdNTsE 8itabligewidth of the sound

- 8- accodmpifgdsheet and theBesppestMBpans such as steel, copper,

chumrum a0y ¥ GRS B ) 1 For the boam and the
accordance with a reqaisr desstribedt Abozeyeithbt pregent inventd@ineicapr Aufweass,
heat reSiSt?“CG’tBEOggﬁthBr%g§hreaagv§9 of the metallic reflection sound
occurring when the thin metallic external sheet 1 is
patted, by the vibration absorbing effect of the sound
damping sheet 3 on the inner-surface, and can provide
large sound damping characteristics. Therefore, the
10 present invention can provide a thin metallic sheet
structure having reflection sound characteristics devoid
of offensive sound, or in other words, having tone
quality and quietness providihg a feeling of high
quality. Since the present invention comprises the thin
15 metallic external sheet and reinforcing beams and a sound
damping sheet which can be easily removed, the present
invention can provide products which have excellent

recycling properties.



forth. If the conditions such as the required strength and_the like
are satisfied, a prefhySheei HatBeercReplaeedi S t he on Wxﬁ;;mrtrhé BEEN ‘J

rei nforcing beans are tic 10 and/ or jpl ast RePICATHESDSI t e
material and are di re“"mrlm ﬂﬂEFsed to-th@ thin retattic &xternal sheet
1, because h a structure | ows the reinforcing beanms function to
partly exhi bit the function of the sound Ezln sheet. The
support nenber 21 preferably has a fl exibl structure so that the
sound danpi ng sheet 3]Qan e a flaﬂﬂanﬁﬁ MﬂHe)dﬁﬂbdﬁﬁk1MEN§ﬁ%ﬁcwM¢dlthe
thin nmetallic xt er nal eet tr yre o
present mventmr?omprls"nsgu s‘-‘?\ f"et&H'd‘ dfﬁﬁ:eﬁdlaghfp‘fe& éaf"bsa Ye
obt ai ned, 20 mJ,nf\dmlrtchesarm rexdreyingg. sdemed ad tthhia mtetramlntcalslhaet

external sheet 1 _gre diser %QS% | nd
portions of§t he I’g:l n oru%l%nﬁfl r%g ql%trhtpgotun(aq%a%‘gﬁ{ﬁet a}ﬂal I C ex ergr]ilase
sheet 1 serves a§htat¥@cé>€tre1r21%1 in thatsgerige edmione ingodeems wewekaoualte

external surface jgftc?2ontadie AU AP YL | It% wfa@ésa% Balilditgd in many
cases to a snoqQth surface fromthe of appearance SO as

to avoid a drop MFtR enajgsheety é’l“@ a seand dampdng, shass
wherein the rei ntaaacian@obl@amgz stfad el R thddieh said sobinal |dla<ﬁ1gﬂ>ﬂgel’sﬂfﬁetp|aﬂicﬁ

1 are bond only at, their i ortl ns preferr d, use t he
j oi nt portlons c§ 1 thin meq"(‘?r:nL é8l & (1 se‘eéa}_‘t rnart ?u
doi ng. beams is a non- coupllng state or a discrete coupllng

state on at least one of the surfaces of said sound
damping sheet.
2. A thin metallic sheet structure having
15 excellent sound damping characteristics according to
claim 1, wherein said sound damping sheet comprises a
plastic sheet, paper, a rubber sheet or a woven fabric
sheet. |
' 3. In a flat sheet-like or box-like structure
20 comprising a thin metallic external sheet and beams for
reinforcing said external sheet, a thin metallic sheet
structure having excellent sound damping characteristics
characterized in that said reinforcing beam is made of a
plastic and/or plastic composite material, and a coupling
25 state of a contact surface between said thin metallic
external sheet and said reinforcing beams is a non-
coupling state or a discrete coupling state.’
4. In a flat sheet-like or box-like structure
comprising a thin metallic external sheet and beams for
30 reinforcing said external sheet, a thin metallic sheet
structure having excellent sound damping characteristics
characterized in that a sound damping sheet is brought
into contact with a part, or the entire surface, of one
of the surfaces of said thin metallic external sheet at
35 non-reinforcement portion by support members, and a
coupling state between said sound damping sheet and said

thin metallic external sheet is a non-coupling state or a

* ¢ L M s *



To obtain the vibration-proofing effect, it is i npor t ant tha e

rei nforcing beans 2 cone into contact wth th Wﬁé{: H&beﬂ \11

t hrough t he sound danpi ng 35 sheet 3. Thereforej eachggginfzor c’_rlg_l beam
can be preferably pressed i ndependent| ¥6to thEL{—h—I—H'—ﬁ‘ET”JI—I

external sheet and can be independently adj usted.

- 9- BRI EF DESCRI PTI ON OF THE DRAW NGS Fig. 1 shows

the basic struct Hewetehequrddag state. jnyention, wherein Fig. 1(a) is a
per spective vi ew and 3 e usk( D)F ish Al G aealaMi W drakan Sangdcd i ne

A-A;, 5 shows anot h nmhodi of the Rres nt
i nvention wher ei r‘?‘q CofaTy §’§[1r? :Eﬁg" the hox gy An

made; dijeg:.tr&cshm a;pﬁﬂmﬂmmﬁcmfast hae w]esemldm\/mdaMr
wherein the sound danpi ng sheet and reinforcing beans are

This Sheet Has Been Replaced

LT
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10  nmechanical | y bonded (sinple caul king), and wherein Fig. 3(a) is

a perspective view of principal portions and Fig. 3(b) is an enl arged
sectional view, Fig. 4 is analytical diagrans show ng
conparatively the effects of the presed? iFnvention with the effects
of 15 a Conparative Exanple (tine axis - sound pressure), Fi g.

4(a) shows Conparative Exanple and Fig. 4(b) shows t he present

i nventi on. Fig. 5 is an anal yt BB8TRACTgr am show ng

conparatively the effects of the present invention with 20 the effects
of a Conparative Exanpl e (frequency-v-sound pressure di agram and

frequency- v- danpi ng codt¥s cinrgntion pxpwifesya thin metallie sheetg gy

anal ytical di agr agp SO having CRET Béhty edduid ed st {165 erls@rat téhestics
effects by the 25 t hi ckness o '

) a sound, danpi ng sheet according to the
present inventi oVRdGh 2 LiFRR TUHPIRFRY ‘%Eﬁgﬁ%vf oP'a %/glé%ﬁnd
pressure di agram aikbfdéuency -thidametwllic shesefdiricnireiwvigeamnhis

Fig. 7 is an anal ytical diagram.,show n 0 t y. e.di fference
of the effects ofg/%r‘%co e patoltaengxpﬁvI nagnq’s;hce%rf (%‘Prr{a@gjr: a(?%[rﬁ%fﬂ{l%es%?;ééenf o

invention in simplpastisortweh a Conparative Exanple (frequency-v-sound
pressure di agram and fyequeptye Volaipl NG 46 Mk elike strudigdam ;
10 comprising a thin metallic external sheet and beams for

reinforcing the external sheet, a thin metallic sheet
structure having excellent sound damping characteristics
according to the present invention employs the
construction wherein the reinforcing beams 2 are brought
15 into contact with one of the surfaces of the thin
metallic external sheet 1 through a sound damping
sheet 3, and the coupling state between the sound damping
sheet 3 and the thin metallic external plate 1 or the
reinforcing beams 2 is a non-coupling state or a discrete
20 coupling state on at least one of the surfaces of the

sound damping sheet 3.



35 ' Fig. 8 is an anal ytical diagram show ng conparatively the

difference of the effects of a support - span of reinforcing beans of
the present invention in - 10 -
conparison with a Conparative Exanple (frequency-v-sound pressure

di agram and frequency-v-danpi ng coefficient di agram ; Fi g.
9 is an analytical diagramshowng 5 ¢ aratively the difference of
the effects by the width (cover zon€)“of the sound danpi ng sheet of

t he present , invention in conparison wth a Conparative Exanple
(frequency-v-sound pressure diagram and frequency-v- - danpi ng
coefficient diagram; and 10 . Fig. 10 shows the nodified enbodi nents
of the present invention, mhereiE;FL 1G}a) is a perspective

view and Fig. 10(b) is a sectional vielt ag}.a ong a
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line B-B. THE MOST PREFERRED EMBODI MENTS 15 Her ei nafter,
the present invention wll be explained in further detail wth
reference to the draw ngs. Fig. 1 shows a basic structural
exanpl e of the present invention. A sound danpi ng sheet 3 nade of
0.5 M thick craft paper is pressed to substantially the 20 entire
internal surface of. an external sheet 1 n& of a 0.75 mmthick thin
steel sheet by two 1.6 nmmthick reinforci ng beans 2. As
will be |ater described, the maxi num sound pressure can be restricted
by the existence of the sound 25 danpi ng sheet on the reinforcing beans
(see Fig. 8), and this suppression effect hardly has any relation
with the wi dt h of the sound da g shee Therefore, if a

product needs only danping of the maxi gg pressure, an
economi cal product can be produced by bondig a 30 rect angul ar sound
danpi ng sheet having a small width to : the reinforcing beans 3 and
partially supporting the thin netallic external sheet,1l as shown in
Fig. 2. When this structure is enployed it beeéﬁes

necessary to anchor the sound danp shree e - B34 0r Ci ng
beams 2, but when the sgund dg s|ng sheet/! 7 and the' re% i
2 are |amnated and punchi nY |s),_ zﬁgﬁﬁucied/LnCEFthe_ 4/
shown in Fig. 3, sinple




caul ki ng not requiring an adhesive can be nmade. \Wen the rect angul ar
sound danpi ng sheet 3 having a width greater than the reinforcing
beams 2 is used, the width is determ ned in accordance with the
rigidity of the sound 5 danping sheet 3. (For, if the rigidity of the
sound danpi ng sheet itself is |low and the sound danpi ng sheet 3
separates fromthe thin netallic external3sheet 1 to the extent such
t hat acoustic coupling does not occur, t sound danpi ng sheet at the
separated portion becones the 10 waste portion that does not provide any
vi bration danmping, . effect). This structure is preferable fromthe
aspect of l:fgegaogéﬁpdanping effect and effective utilization of the
material of the soutdda F-g—10—shows ther

i ng sheet 4 Fg—30—shews—anot
nmodi fi ed exanpl e of the 2500Hz

~NO

1600Hz

0 ﬁ%¢w“H4HﬂNmeuwum&-m
' 800Hz
0 NMWMNﬂW$NwNAﬁMKNMAMN
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o
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15 .present

and t he sound danpi ng sheet 3 is brought
portion of the thin netallic
rei nforcing beans 2 by 20

t he sound
nodi fi ed exanpl e,
(wel ded or bonded by an adhesive) to.the
1, the rigidity of the 25

i nventi on.

strongly by the

effect is brought forth by frictional

The reinforcing beans 20 are directly
bonded to the thin netallic external sheet 1 (by welding

since the reinforcing a 20 are

thin nmetallic external

or bondi ng),

into contact with the film
external sheet 1 not having the

usi ng the support nenber 21,

danpi ng effect of the soufg{danpi ng sheet 3. In this
directly bonded

sheet_

so as to provide

reinforci ng beans can be exhibited nost

sinple construction. In this case,
does not devel op on the reinforcing beans 20, but the

of the sound danping 30 sheet 3 an us danpi ng.
Though the support nenbers 21 are flt €2§ Il el to the
they

rei nforcing beans 20 in this exanple,
t he support nmenbers 21 nay be fitted
metal | i c external

EXAMPLES

DAMPING COEFFICIENT

SOUND PRESSURE (dB) RAT!O

y be

frictional

sound danpi ng

danmping due to filmyvibration

fitted crossly,
to the end portions of the thin

sheet 1 35 in place of the reinforcing beans 21.
e _effect ?f t he nrpqpnr invention mnll‘hp
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- 12 - represented further by Exanpl es thereof. The
effect of the thickness of the sound danping sheet 3 will be
expl ai ned about the exanple where craft paper was used for the sound
danpi ng sheet 3. 5 When the thickness of craft paper is at |east
0.15 mmeven if the support span is 150 mm as shown in Fig. 6, sag of
the craft paper due to its own wei ght cajg// be kept to about 0.5 mm by
the rigidity of craft paper (sound 4a8pi ng sheet) itself and the
tension effect by 10 t he support of the reinforcing beans 2. As a
result, the drop of the sound danmpi ng effect cannot be recogni zed.
The effect of the material of the sound danping sheet 3 will be
expl ai ned by the exanpl es which use pol ypropyl ene, polystyrene, craft
paper and synthetic 15 r ubber ‘for sound danpi ng sheet 3.

As shown in Fig. 7, the rubber type s;ﬂeq E% sheet exhibits the
hi ghest suppression effect of the

0 ' ;

. BARE STEEL SHEET !
-0.01 "7’7'4‘;@‘“"“"““—:?$—"1?<j’
T | .
' !
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- I l
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J
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1000 ’ 2000
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SOUND PRESSURE (dB) RATIO




maxi mum sound pressure and the highest sound danpi ng ef fect. anong t he
exanpl es of the present invention, and 20 an extrenely econom cal paper
material exhibits substantially simlar effect as can be seen from
Fig. 7. " Though the characteristics of polypropyl ene and

pol ystyrene are sonewhat inferior to those of the rubber as the sound
danpi ng sheet, they are nore economical i price than the rubber, and
have excel | ent wat er - proof ness and ke resi stance. Therefore, they
are materials having high utility. The effect of the
support span of the sound danping sheet 3 will be explained by an
exanpl e wherein the 30 support span is changed between 50 and 350 mm
The support span is defined by the follomﬁng fornmula as the

free span of the thin netallic externa support span =
(di stance between centers of é% rei nforcing beans -
w dth of 35 ) rei nforclhg beans) As shown
in Fig. 8, the danmping effect (acoustic effect of the thin netallic
external sheet 1 and_the : '

= _ I I | R I B
= _0.02FD0=4 4'_ ______ Lo |
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- 13 - sound danpi ng sheet 3) hardly exists at the support span

of 350 mm but the maxi num sound pressure can be suppressed by the
exi stence of the sound danpi ng sheet 3 - on the reinforcing beans. As
can be understood fromthe 5 graph, this suppression effect hardly has
any relation ‘W th the support span. It can be further understood from
the graph that the sound danping effect i ¥ 4ubstantially t he sane
when the support span is not greater tha 150 nm 10 The
effect of the width (cover zone) of the sound danpi ng sheet 3 will be
expl ai ned by an exanpl e wherein the w dth of the sound danpi ng sheet

I s changed from a w dth covering substantially the entire inner
surface of- the thin netallic external plate to a width of 20 nm 15
covering only the reinforcing bean1port|on in rectangul ar form
As shown in Fig. .9, it is nost preferr §§ connection with the wdth
of the sound danping sheet 3 th t t h covers substantially the
entire inner

o
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20  surface of the thin netallic external sheet 1, fromthe aspect

of the sound danping effect. However, when the structure wherein the
sound danpi ng sheet 3 cannot be pressed to substantially the entire
i nner surface of thin steel external sheet 1 for reasons of
production cost or 25 design or, in other words, when the sound danpi ng
sheet 3 is divided into the rectang@ shape and is fitted to
the reinforcing beans 2, the sound danpin fect can still be
sufficiently obtained by setting the width of t he sound danpi ng sheet
to at least 50 nm (the support 30 span of the thin steel external sheet
1 of not greater than 150 mm, as can be understood fromthe graph.
As descri bed above, because the maxi num sound pressure can be
suppressed by the existence of the sound danpi ng sheet - - on the
reinforcing beans (see Fig. 8), the suEBrE | 0Q) 35 effect hardly has any
relation with the width of the un ¥ng sheet. In this way, a
requi red sound danpi ng can be obtained, in accordance with the grade
of
O ; 1
5 |BARE STEEL SHEET | | SHEET WIDTH 30mm
& ~0.01
o
& -0.02
[
()
g -0.03
o
<§: .
o -004
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005 I ! : ) 50mm
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- 14 - t he product, by selecting a suitable width of the sound
danpi ng sheet and the support span. | NDUSTRI AL AVAI LABI LI TY

As described above, the present invention can |ower 5- t he sound
pressure | evel of the netallic reflection sound occurring when the
thin metallic external sheet 1 is patted, by the vibration absorbing
effect of the sound danpi ng sheet 39 the i nner surface, and can
provi de | ar ge sound danpi ng charact€r¥Ystics. Therefore, the 10
present invention can provide a thin nmetallic sheet structure having
refl ection sound characteristics devoid of offensive sound, or in

ot her words, having tone quality and qui etness providing a feeling of
hi gh gquality. Since the present invention conprises the thin 15
metal lic external sheet and reinforci F 1%5? a sound danpi-ng
sheet which can be easily renpved, th i nvention can provide
products whi ch have excell ent recy(llif properties.

20 20



REPLACEMENT SHEET

' 1. A thin netal |c he-
danpi ng characteristicg
nmetal lic external shee

for reinfor

CLAI M5

in rret allic extermal shee 06 JUL Bo°

Has Been Replaced i

\\l\\\\\ L]

-=1. A thin metallic sheet structure having excellent

sound damplng characteristics, said structure comprising:

a thin metalllc external sheet having a

contact surfaces-

beams for reinforcing said thin metallic

external sheet;

a sound damping sheet disposed between said
contact surface of said thin metallic external sheet and said

beans;

wherein said beams contact said contact
surface of said thin metallic external sheet through said

sound damping sheet;

wherein coupling between said sound damping
sheet and at least one of said thin metallic external sheet
and said beams is one of a non-coupling state or a discrete

" coupling state;

wherein a non coupling state means a

frictional damping connection; and

wherein a discrete coupling state means gaps
of frictional damping connection between direct coupling.--

2. A thin metallic sheet structure having excellent
sound damping characteristics according to claim 1, wherein
said sound damping sheet comprises a plastic sheet, paper, a

rubber sheet or a woven fabric sheet.

-=3. A thin metallic sheet structure having excellent
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2. Athin nmetalli'c sheet structure having excellent Seurd—danpi-ng

charact erisbhf8 asmpifignghheackairist.icshEuaithesnicbrgnristl wgnpi ng sheet
conprises a plastic sheet, paper, a rubber sheet or a woven fabric sheet.

- 3. Athin netallic sheet structure having excel |l ent

said beams are formed from a material selected

from the group consisting of plastic and plastic composite

material; and

said coupling between said beams and said

sound damping material is one of a non-coupling state or a

discrete coupling state.--

-=4. A thin metallic sheet structure having excellent

sound damping characteristics, said structure comprising,

a thin metallic external sheet having a

-contact surface;

beams for reinforcing said thin metallic

external sheet direétly contacting said contact surface of

said thin metallic external sheet with resulting

non-reinforced areas of said contact surface of said thin

metallic external sheet located between beams;

a sound damping sheet supported by support

members contacting at least a portion of said non-reinforced
areas of said contact surface of said thin metallic external

sheet;

wherein coupling between said sound damping

sheet and said non-reinforced areas of said contact surface

of said thin metallic external sheet is one of a non-coupling

state and a discrete coupling state;

wherein a non-coupling state means a
frictional damping connection; and

wherein a discrete coupling state means gaps
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-16 - sound danping characteristics accordi ng to claim1 or claimz2y———

further conprising: | E—ar-e—f-of [TEg emﬁ&%Ei
sel ected fromthe group consisting of 5‘3‘%% é‘ﬁé BSENST | c qu aﬂ
mat eri al ; . and sai d beuphitg nEFReen shld beams

sound danping material is one of a n-on-@@gle ng state on 3
coupling state. -- --4. A thin netallic sheet strudt
excel | ent )

5. The use of said thin metallic sheet structure
according to any of claims 1 through 4 as the box for an
electric home appliance such as a television receiver.

—
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sound danping characteristics, said structure conpri sing,
a thin netallic external sheet having a contact surface;

beanms for reinforcing said thin netallic external _sheet directly contacting

said contact surface of said thin netallic external d
non-rei.nforced areas of said contact-subface of safgfgﬁgﬁﬁﬁgtalgﬁs
sheet | ocated between beans: a dod danpi ng sh let
supported by support nenbers contacting at |east la poﬂfigg ‘%? i d
non-reinforced areas of said contactcgyifigce of daild thin netalllc
sheet ; wher ei n coupl Thg bet ween jald sound danpi ng
and said non-reinforced areas of said contact sur¥ace—ef-said.thin!

l'ting
ext er nal

ext er nal
sheet
metallic

external sheet_js ong ghiA MePatlipl sheett attermmize diseirgeesoepliend

st at e;

a thin metallic external sheet having a

contact surface: .

beams for reinforcing said thin metallic

external sheet; and

sound damping characteristics, said structure comprising:

a sound damping sheet disposed between said

contact surface of said thin metallic external sheet and said

beams;

wherein said beams contact said contact

surface of said thin metallic external sheet through said

sound damping sheet; and

coupling between said sound damping sheet and

one or both of said thin metallic external sheet and said

beams is in one of a non-coupling state or discrete coupling

state.

2. A thin metallic sheet structure having excellent

sound damping characteristics according to claim 1, wherein

said sound damping sheet comprises a plastic sheet, paper, a

rubber sheet or a woven fabric sheet.

--3. A thin metallic sheet structure having excellent

-
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wherein a non-coupling state neans a frictional danping connection; and
wherein a discrete coupling state neans gaps REPLACENSEHT SHEET

- 16 - 11 JAN 999

sound damping characteristics according to clafim~i~or—claim =,

further comprising:

said beams are formed from a material selected
from the group consisting of plastic and plastic composite

material; and

said coupling between said beams and said
sound damping material is one of a non-coupling state or a

discrete coupling state.--

--4, A thin metallic sheet structure having excellent

sound damping characteristics, said structure comprising,

a thin metallic external sheet having a

contact surface;

beams for reinforcing said thin metallic
external sheet directly contacting said contact surface of
said thin metallic external sheet with resulting
non-reinforced areas of said contact surface of said thin

metallic external sheet located between beams;

a sound damping sheet supported by support
members contacting at least a portion of said non-reinforced
areas of said contact surface of said thin metallic external

sheet;

wherein coupling between said sound damping
sheet and said non-reinforced areas of said contact surface
of said thin metallic external sheet is one of a non-coupling

state and a discrete coupling state;

wherein a non-coupling state means a

frictional damping connection; and

wherein a discrete coupling state means gaps
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