METHOD OF MAKI NG M CRO- HOLES ON METAL PLATE BACKGROUND OF THE

| NVENTI ON 5(a) Field of the Invention The present invention
relates to a nethod of making mcro-holes on a netal plate, in
particular to a nethod of making a maxi mum of m cro-holes per unit
area on a net ahphgiep @DPEWN@NQK‘:#O-H@ES! Gﬁ\eﬂiﬁﬁ{AﬂQ‘JﬁA’T??
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between the plate*and the tloor can Increase the friction [oss

of the ki netdaundngaltay’ of Agrd Hqidoywanéshe suetalssdunmdaghhe o€ tiee patedted
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periphery at the top of the wave-like surface and disposed at a position
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(A) feeding a netal plate on a workbench forward to extend beyond a
shearing edge of the workbench, such that a first surface di sposed at

R e e e
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mai nt ai ni ng anWiek hit@nbRRS &cveat WeedmEhsf RHECSHuld Re8ds andsttheough the
wor kbench, wherein the punchlng head includes 25a plurality of unit

bl ade port i ordlipticahnpiedoholes fowesarbithel bettomhel shedriangiladgened, ahe
wor kbench; (C) applying sheafl ng force to th wor kbencl‘\fllﬂ y the
punchi ng® hea@coustlc tranm)%@a §% M4 a)cpmé%apbl%rﬁd eiker sRaMg) absozplaon

along the dir ce by the punchi ng head, and
formng a pl ﬁfl ‘ﬁ@dg %gglf)% mgﬁgfg ®d cavities arranged in a row on a
second surface ofrhthgERiR! of Pché‘t gle'é%nta'i‘n@éﬁtio%“ hak ﬁﬁﬁl@?“ﬁfedbhaﬁétent

portions towards the punching beari ng the sheari

force on theapplisdtictur {Bsievamn Pb&nmt@plmam t diof 0r200820D02ar egﬂm@ﬁ/e

along the shearing edge of the workbench; (F). deform ng the
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punchi ng hea Irst position, hen shiftin e punchi ng
head to a V\Drglsbﬂﬁtﬁhafitrm@whblb grcijvee@dnc@.ﬂel@aaﬁd lreépebﬁvél oteiztedd ithg
edge to a second position; (H) feeding the netal ate in a

direction toWRp dgdtb@étoyheéuthmglmg@ddnteammeda@nﬂhea@aoﬂa,er such thay
repeating Ste F when the unch head i s, situated
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i stanch in gfﬁﬁlrf?ﬁéé&@e ShEBoRhbh oA JoBR B RETLIRE AP of i blcdlcs,
wor kbench angnd efrlbiti RGet MRHPEAC mﬁgld’t@%‘ld thd Mot 1169dr BASiAdeAsd he
conplete a processing cycle. The nunber of unit blade portions in

Step B and t figctieetbsstofothe kifetihener2y ofetial sqink waives,Stoeps kb achieve a
controll ed, such t ha ,‘Eﬁe nunb of the mcro-holes forned on the
metal plate B9R8&SURd BR§HBHOD SHl§CU450000 per square neter. The

motal piate in Soneh B0t Ml PRGEmEnRRtied AP bABHF gPbifalfon
25ni cr ool egisé Ghereshiof-hble FRied sodhat &soepess théa 2a0080mhor 99AR0

per square neter. The netal plate has a hardnéss HRB rangi ng
from 8 to 40gahd awvadaloleiini thy markgt radsof comed with 3he sTietureimamifackared
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control a st fpksforé alhfkimmk WP albiPhoRE Jorraists Bnttﬁé‘giét@ %of'bﬁ{yﬂe 1 nipboes

formed after the spot-shaped cavities arranged in row on econd

surfacesof tile swmhdtatsbaptéornrate,tthe aldoneaves gnateriel anl iaaufactingseostsaice
of the netal plate are interconnected have a mninmumw dth in _the
vertical directiMossnaf| epnyemdionehesemickgebes otdemie tha amapnfacturing

technmque of using a punching machine to punch holes on a plate directly.
The direct punching process can produce 40000 to 50000 micro holes per
every square meter on the plate, but the minimum diameter of each micro

30 hole can reach 0.45mm only, and thus it is difficult to punch more holes
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10The Step F further conprises a Step F2 to control a stroke of the
punchi ng head, such that the mcro-holes forned after the spot-shaped

and e 1 nednigh sty it CuaEERICaR e S5 hebal BReA et
_ e s |
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further conpthies éssathSt suméidcd] ovalatof INRL, stheolisttedf ist the  guinchitioriesd,
such that the nmicro-holes forned after the spot-shaped cavities

arranged in &tebw on the second surface of the metal plate and the

| i near groove on the first c plate are

i nt er conhected are 20di spo%‘jﬁi&ff&mbtl%ﬂﬁﬁ?w&ﬂ ON gr oove.

The met hod furth i ges | 4 f | € ' t

st surtace andl R0 o bt (B RLE LB ERiGRY Udt EShot 3o Pl
Step J takesppl@@fm of micrd?BolgE! E@d Uni#f (€4 SOPYIHES aBdCRABIRE the
process for coating a filmon 25the leveled first 'surface and second
surface of theumbhbdorptiaheatf efectively,| #\gld ponmrpadgectofe bfi¢heretaskent

pl ate takes pl ace. The, unit bl ade portions arranged in a row as,
descri bed i nil¥c8HOB tarovVideas spathodn Bakipg, micro-holes onwy metglhplate in

Foll ow Ho. adgiit agecit » MR hyfilhdleS b b Camtngies o e
maxi num of n}rfeﬁﬁ-ﬂlgdggﬁdq&ﬁ(ﬁ@% gdlﬁld%sbnz%ﬁ@g&g_ a metal plate, such

that the material manutr act uri ng costs e saved significantly.

2. The present iTyeovéreomeathéredforamemionsdmiedhnidatr protdéds e resent
5specific unit area of a netal plate, such that the sound absorption

can reduce ndivéatonpfleptsiasnlytiomes desnrded hdlewbest noi se pol l ution
ef fect. 3. The netal, plate manufacturing i n, accordance . Wwth the
Tt hod of the prSdBinof s al AL RHES b b Hae TERd Adbeting o
fire resd sti 1B LN i 1S i : .
Cound. sBsor prcari fool €5 chbniind PAGIAKIErd E341Bls Rkt ifOpriate hardness
and easy-t o- angtattilityl aneitd @ethodnebrhprites ths gollexigngeyely in a

hi gh-tenperature, high-humdity, super-clean and/or high-speed
ai rfl ow envi r onngot fesdialg ametal phate e & merkbomeht farsardtg extend beyond a

and transpor EAEFE, CORRcOr IR ERESa: st fiich Vs airEius Gpport ol the
DESCRI PTI o O R TRRWPRER 1At {ERge A VAP I, SAREEGREP Smd ol of

naki ng 20 cr otHeohesa] Platd idBt@hudddeiml erteRd6@HRF0EE M khedrify BA&S6Nthe
i nvention; FIG 2 is a schematic view of feeding the netal

pl at e on t hewatkigarichench whil e the punch head is situated at the

fi t iti i d ith t i nt i ; Fl 3
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: The fi W~ i ‘Th th
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ready for exﬁfetijlﬂﬁhﬁlgslﬁh%@raﬂéﬂthk%ﬁﬁcﬁeﬁch,hﬁhgﬁﬁﬁlthé)?ﬁﬁ&ﬂhg 1R36€ Hdadae
with the present invention; FIG 5 is a schematic view of the
punchi § heaa pbxelityi ofjuait Hleter porgiohsackenged ha met phrallehte the shearing
accordance with the present invention; FIG 6 is a schematic view of
fow i ng m creédgsobiddesyondhenehst al plate 30by the |inear groove

contal Nl ng SPOl P haReflifE 4 shbfing 152896 hd DA il 8y eRSRRI AR el "

(D) applying a force to bend the metal plate along the direction of

—

applying force by the punching head, and forming a plurality of

30 spot-shaped cavities arranged in a row on a second surface of the metal
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FIG 7 is a cross-sectional view of formng mcro-holes on the netal
pl ate by repeating a punching process for several tinmes in accordance

with the present,invention;.5sFl G LS a.schemati iew of. fqrm.ng a
Bl ural ity of UGBy iEAenE e et BlpdSpSuirs o s P ingbingdhedhy
surface of the A I v, t i e
of the metal pl g@ «Qq%er?m a ctgﬁggg%ﬁeﬂ%ftlh@te ﬁéh%?ig%eﬁ'}rﬂl&ﬁvdgﬁtp% orﬁn‘?ttdl ﬁhﬁé?&
FIG 9 is a foreadinephgfovehfonetiel sheamthg klge sftindwabisiRueht on test of
a 10 single-layer mcro-hol e sound-absorbing netal plate

manuf act ured i n @)cdefdeming thiet metdl lpteckye the isheanng dorce, intefoGnediing s

a line graph _of the. results. of the sqund-absorption test of a .
doubl e- IPayer M &%:%Pégs‘?@ﬁﬁ@sa%?&gﬁ AB ankva o et seCRB &Pﬁ%ﬁﬁr"@éhﬁhﬁ

accordance W t e i i Qn; Fl G ] .

of the resul 100 SBRBE SRERS St SRR anfdtrhe SotdEil ulefgecar
netal plate mwtassiictof theadteREARRERoM th the present invention,
various different other mcro-hole sound gobos and a general panel
used as a sound-@bsmtptinmtheapunching head to the fiflSEDakition, BRSERIPITHIGkhgOF
THE PREFERRED 20ENMBQDI MENTS Wth reference to FIG 1 for_a nethod
of making mi BopHBEEBE e Hetaa v Qskiage distangec bt dadiiecivn rpasalinl efoe theed

enbodi t of, the present inventio t he nethod conprises the

fol |l ow ng Stal&a;ng?ec&ggta aaSGi‘PBPaPOEﬁ%PPe 2 on a workbench 1 forward to
extend beyond a j : |

PG ), and oyt hae kPRI R dRebRt RS the BRemi Vil
1, such that theheorfionkchplgaine 2 noves towards the shearing edge 11 of
t he workbench 1, and a part of the nmetal plate 2 to be punched is
protruded and exf{ereisatibgyioaps Chd,shaadiIhyheaghe punshingheagoiskdaatdd 1

and situated at a suscﬁendi.n form and the 30nmetal plate 2 includes a
first surfact B¢ SEEORROBHPLoMGNd a second surface 22 at the top,

and the tal pl f.ro : tigl ity
from4 Fo so, " O gefyadk BEHMALRRS HEF A0 sbloitd sRpflich, Tt Hh
above the Shﬁﬁ&iﬂ%t chin@hesd €o \wowbHeng Midtansd tn Aedipdc@ion Baralélkiong
space S between the punching head 3 and the workbench 1, and the
punchi ng heathezheaohg¢dge afthe wairkbgnabf anchiatutiiing ¢hppwndhing head to the
arallel to the shearin e 11 of the workbench

arranged in [ OW dg
1 and 1 nst alist PRESBeHORP RIS PICRISBE £ posi t i on Y1 above fhe
Firet position VEGRE PRk oL HEBEAL horBang iy B iidihe Roed, S8 BPmg

first position ring ‘e perpendi ¢ and
the wordg ng gRatepRte SinTetap alnedle bedmesed, hsudtethaC ahe dinibér OF e

t he punching head 3 and the shearing edge 11 of the workbench 1 (as
shown i n FI Gnietp;hades foimeed oncthengetaépthts rangewudimsn 0008 ast 4 WO O0upér
bl ade portion 31 arranged in a row, and the unit blade portions 31
are arrangedSqHE® M &awt oot h shape. 15C. The punching head 3 applies

head 3 appli o atiorRRBSO{ bl RaRRHags 17 ik ol Heited SFoREREH™
a shearing fgees bﬁt@rﬁpt&eg HuQyrd OcditoIr kim SRAChS AGhP&d of the
bet ween the vertical direction of the punching head 3 and the

sheari ng edgeickd;hcdes foreedion thbhedal plate ramges frah 23000020 400000 per
head 3 and the shearing edge 11 of the workbench 1 are contacted (as
shown in FlGquwremeter.p, Apply a force to bend the netal plate 2 in a

ol ate 2 1's act 60 HiF AP BfsdbhidreRbRIAe Tainad e tocdligha @

surface 21 Oauétﬁﬁ?ﬁﬁ@h%@cﬁﬁ@rtgw form 25 a plurality of
es

spot - shaped cavi rranged 1n a row, after the punching head 3

applies a force T@miabide Rirtibheaf®iredngelddhe Sawopashapef! the netal
pl ate 2 extended beyond the shearing edge 11 and suspended in the air

wi || bé0bent al ditg weekingr distaappliyilesy than ecpiton besweden teouad]acdt anht
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25F3. The stroke of the punching head 3 is controlled, such that
after the spot-shaped cavities 4 arranged in a row on the second
surface 22 a éhe | i near groove 5 on the first surface 21 are

i nt er connect e429¢ RAUANEr 0- hol es 6 are fornmed at the top of the |inear

groove 5. . . i ad_it-0 e flhr

position, and t hgrlllesﬁ:opgﬁé ﬁ({é%%ﬁgtﬁaﬁgi Ecgaog.‘%t gaii %5@1{% g%@fegﬁcgw? n
a direction paiadenelnk ®lddepsihieasi ng edge to a second position; and
then the punching head 3 ascends back to the first position Y1, and

t he punchi ng headhs stbp R Suttheracompkiseg adbtipait etol cahtpoly at fteokeheéithag
edge 11 of the workbench 1 and then to a second position Y2 (as_shown

in FIG 3), anvachwg heads swghdthet dhe emicrphalemifpaned mftanatheaspnttsbiaped
bet t dj t_unit .bl ad i 1 d t ki ng_ di

T s equal t SAESHETAREs I ISR DR e Bk un o LeaBE DUiE et thte
portions 31. lincar grodve JitGd t}(xjgg%@ﬁﬁ&l oﬂ“ﬂh@trﬁv\%ﬂgpgf’atg bﬁ@ﬁﬁéﬁgpﬁ% gﬁwée

the shearing edge~of the wor agal n; I'n the neta

is fed to anaappiioRim atiéthlddhetwrgealtdivartids snhdlesthal inotiedarsd bf dhe
t he wor kbench 1. | . Repeat Steps C, D, E and F when the punching
head is situameidl plate.he second position; wherein after the punching

R e M D RS R
1 30050 Ry, 5 s AR gl T e

respectivel y caqiids arRhgedlin b)todf offitlsd SedtRldesirfhdesof 1Bk MRetab plate 8Rd the
spot -shaped cavities 4 arranged in a row and the |inear groove 5 (as

shown in FI Glingyr groove on the fiRett surfacehsf thamo¢tahplabeark interichanatedhave
osition, and th hift, the 20 nchi ng head to a_worki.ng di stance
Ph & directi anwkfﬁﬁaﬂ?@%g ﬂif‘onflmr @ngﬁigflsafgﬁéléafbth padtiop Bigndreatian of
return e punchi he first position to conplete a
pr ocessg;g_ cgéc%dghg\%%?‘g%%bﬁ " punching head 3 ascends back to the
second position YReaah'F faflet BEMpABYES SRpAFIOOKLOSTEI §IRRAR JF the
al ong the shearing edge 11 of the workbench 1 and back to the first
25posi tion t puncmpgehteada sochcthasithg micchhodds fidvengrlindier nhe pspatahaped

After each step for conpleting the punching process_ of the whole
metal plate fayvibies dupaged 1t f4eY, Op Hee sraomdsurtacedrthe ongipl plage and the

e Sl B85 QY BB et BP ol PRl B APl e
processyat agi@besd st @ﬁ%oﬁ@if‘&ﬁ@ﬁné%%&' ing process of the netal

pl ate 2 takes place, the hod f er conprises a coating process
to | evel the net@he phathed Zurtlerdcanpiisen 4 fevebiagantooesst foe 1€velsig herfirace
21 and the second surface 22, wherein the filmis coated by static
charges, andstfece and Kheseceomd sHeaee 1oh the mp@ltplae alter tmﬁtqmé takes
m cro-hol es 6,are not blocked, so as to achieve the effects of
preventi ng SBgcﬁtches, damages and rusts, inproving the aesthetic

appear ance, and ﬁﬁ% nged . f .

i nvention cont ro?%ét e %%1@?&0‘@ Eﬂl%ésba[eg%aetm&)ﬂ | gﬁé?@i@?éﬁﬂgggﬁ@%&&d
the feed stroiir Rivelddefinktsatfape aind SedondShefdd, oRilit sRitslChtd ARerMEie!
plate with a hardness HRB from8 to 40 and a 10 ductility from4 to
30 to manuf aclevebng peocess af the metal platariskesplastinber of the

m cro-holes 6 r es f 80000 to 450000 per square peter, or_the,
nunber of nicro- hef BRL %?agiﬁ R%O%ﬁgﬁn&&%g@‘t"aﬁ@ Cﬂgg‘%l@gtﬂ?dﬁ afIn
400000 per sq The foregoing steps are taken to manufacture
the netal pl a%‘lga‘%t%ﬁbﬁﬁ%%ooo m cro- hol es per square neter on the

metal 15 plate @itH theafSRutRpeQ tOHR] ifddsurdsS the Eﬁé@@hﬁiﬁv&ﬂ%ﬁ‘ﬂ&é‘g
a single-layer mcro-hol e sound-absorbing nmetal plate and a
doubl e-3oay er thei fotlowhing edeaniagesabsor bi ng netal plate are adopted,



Rate (1/3)Cctave Sound- Absorbing Rate (1/3)Cctave Sound- Absor bi ng
Rate (1/ 3) Oct ave Sound- Absor bi ng Rate (1/ 3) Cctave 125 0.01 O. 09 0 30

0.85 160 0.09 O. 'I%40076200015 04506820.0]h
0.66 O. 70 315 0. e presént mnvention can rhake a’ maximum Of micro-holes on a

Spemﬁc unit area of a metal plate, such that the material and manufacturing
costs can be saved significantly.

2. The present invention can make a maximum of micro-holes on a

5 specific unit area of a metal plate, such that the sound absorption can
reduce noises effectively and achieve the best noise pollution effect.

3. The metal plate manufacturing in accordance with the method of
the present invention has the light-weight, poisonless, fire resisting, salt
resisting, moisture resisting, high sound-absorption rate, long life,

10 diversified color, easy-to-cut and easy-to-install properties, and it is used
expensively in a high-temperature, high-humidity, super-clean and/or
high-speed airflow environment such as architecture, construction,
air-conditioning, machinery, electronics, medical treatment, traffic and
transportation, etc, and the plate can serve as a dustproof, fireproof,

15 waterproof, poisonless and durable sound gobo.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a flow chart of a method of making micro-holes on a metal
plate in accordance with the present invention;

FIG. 2 is a schematic view of feeding the metal plate on the

20 workbench while the punch head is situated at the first position in

accordance with the present invention;

FIG. 3 is a schematic view, showing the distance of moving the
punching head from the first position to the second position in accordance
with the present invention;

25 FIG. 4 1s a schematic view of the punching head ready for exerting a

shearing force to the metal plate in accordance with the present invention;

FIG. 5 is a schematic view of the punching head exerting a shearing
force to the metal plate in accordance with the present invention;

FIG. 6 is a schematic view of forming micro-holes on the metal plate

30 by the linear groove containing spot-shaped cavities arranged in a row in
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accordance with the present invention;

FIG. 7 is a cross-sectional view of forming micro-holes on the metal
plate by repeating a punching process for several times in accordance with
the present invention;

FIG. 8 is a schematic view of forming a plurality of spot-shaped
cavities arranged in a row on the second surface of the metal plate and the
linear groove on the first surface of the metal plate in accordance with the
present invention;

FIG. 9 is a line graph of the results of the sound-absorption test of a
single-layer micro-hole sound-absorbing metal plate manufactured in
accordance with the present invention;

FIG. 10 is a line graph of the results of the sound-absorption test of a
double-layer micro-hole sound-absorbing metal plate manufactured in
accordance with the present invention; and

FIG. 11 is a line graph of the results of the sound-absorption test of a
sound-absorbing metal plate manufactured in accordance with the present
invention, various different other micro-hole sound gobos and a general
panel used as a sound-absorption rate.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

With reference to FIG. 1 for a method of making micro-holes on a
metal plate in accordance with a preferred embodiment of the present
invention, the method comprises the following steps:

A. Feed a metal plate 2 on a workbench 1 forward to extend beyond a
shearing edge 11 of a workbench 1 (as shown in FIG. 2), and convey the
metal plate 2 to be punched on the workbench 1, such that the metal plate 2
moves towards the shearing edge 11 of the workbench 1, and a part of the
metal plate 2 to be punched is protruded and extended beyond the shearing
edge 11 of the workbench 1 and situated at a suspending form, and the

metal plate 2 includes a first surface 21 at the bottom and a second surface
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ductility from 4 to 30.

B. Locate a punching head 3 at a first position Y1 above the shearing
edge 11 of the workbench 1, and maintain a working space S between the
punching head 3 and the workbench 1, and the punching head 3 includes a
plurality of umt blade portions 31 arranged in a row parallel to the shearing
edge 11 of the workbench 1; and install the punching head 3 at a first
position Y1 above the shearing edge 11 of the workbench 1 (as shown in
FIG. 3), and the first position Y1 and the shearing edge 11 are
perpendicular, and the working space S is maintained between the vertical
direction of the punching head 3 and the shearing edge 11 of the
workbench | (as shown in FIG. 4), and the punching head 3 includes at
least one unit blade portion 31 arranged in a row, and the unit blade
portions 31 are arranged into a sawtooth shape.

C. The punching head 3 applies a shearing force towards the
workbench 1, such that when the punching head 3 applies a force vertically
downward at the first position Y1, a shearing force is produced due to the
working space S formed between the vertical direction of the punching
head 3 and the shearing edge 11, and the unit blade portion 31 of the
punching head 3 and the shearing edge 11 of the workbench 1 are
contacted (as shown in FIG. 5).

D. Apply a force to bend the metal plate 2 in a direction of applying
the force by the punching head 3, and the metal plate 2 is acted by the unit
blade portion 31 towards the second surface 21 of the metal plate 2 to form
a plurality of spot-shaped cavities 4 arranged in a row; after the punching
head 3 applies a force downwardly at the metal plate 2, a part of the metal
plate 2 extended beyond the shearing edge 11 and suspended in the air will
be bent along the force applying direction, and the unit blade portion 31 of
the punching head 3 will punch a plurality of spot-shaped cavities 4

arranged in a row on the second surface 22 of the metal plate 2 and

8-



Table 1 If the single-layer netal plate is tested at the
conditions of an air |ayer equal to 50rrm and a center frequency equal

d- f th |
s equal o PEOHAAG MetcafipkBBe s SBRED MEIGL6M 1o soore, 1 he
sound- absor pt i Ongr glg Wshkaﬁl?@%}cg oﬁﬁhflﬂrsf @g S%Zer of tﬁ%%eﬂa? pRA8 fth

200mm and the center reque IS equa

sound- absor pti liear aireowt lalorgetiehsibabihg ddge bR tled kwdrRb&ich; anddsiate the
500mm and the center frequency is equal to 125Hz, the
sound- absor pmesal plate2vis| ent dxcthetsh®sring (o, teasdt ardapwand abhiging force

Tabl o 2,5 onc oM G AP ST 1 Hal SSLRST RGN B h RIBLPIar< 2 isHFFore:
Somm 100rm CBATER" FReooney e At ﬁﬁ%‘?@@%@ﬂgﬁ?@(ﬁ%@?@%@gm

Sound- Absor bi ng Ralj%fél%%@Qﬁe’ﬁ?gﬁ@é’@dbﬁbﬁh@rﬁeﬁﬁng%ﬁceﬁ LhRyEstree tH25
0.33 0.21 0.35 160 0.49 0. 37

spot-shaped cavities arranged in a row on the second surface and the linear
groove on the first surface, and form a plurality of micro-holes at the

10 intersection of the interconmnection; wherein after the metal plate 2 is
deformed by the shearing force, the spot-shaped cavities 4 arranged in a
row on the second surface 22 and the linear groove 5 on the first surface 21
are intersected and interconnected to form micro-holes 6 (as shown in FIG.
7).

15 F1. The stroke of the punching head 3 is controlled, such that after the
spot-shaped cavities 4 arranged in a row on the second surface 22 and the
linear groove 5 on the first surface 21 are interconnected, the minimum
width M1 of the micro-holes 6 is smaller than the thickness N of the metal
plate 2.

20 F2. The stroke of the punching head 3 is controlled, such that after the
spot-shaped cavities 4 arranged in a row on the second surface 22 and the
linear groove 5 on the first surface 21 are interconnected, the width of the
micro-holes 6 along the direction of the linear groove is greater than the
width of the hole in the direction of feeding the metal plate.

25 F3. The stroke of the punching head 3 is controlled, such that after the
spot-shaped cavities 4 arranged in a row on the second surface 22 and the
linear groove 5 on the first surface 21 are interconnected, the micro-holes 6
are formed at the top of the linear groove 5.

G. Retumn the punching head to the first position, and then shift the

30 punching head to a working distance in a direction parallel to the shearing



200 0.48 0.59 0.65 250 0.75 0.76 0.88 315 0.82 0.76 0.91 400 0. 83
0.79 0.90 500 0.77 0.89 0.88 630 0.77 0.88 0.92 800 0.77 0.88 0.90 Ik

0.80 0.89 0. 8e?ig<:—'5't§5aksecond position; and then the punching head 3 ascends back to

the first position Y1, and the punching head 3 shifts to a working distance
T along the shearing edge 11 of the workbench 1 and then to a second
position Y2 (as shown in FIG. 3), and the working distance T is smaller

5 than a pitch P between two adjacent unit blade portions 31, and the
working distance T is equal to one half of the pitch P between two adjacent
unit blade portions 31.

H. Feed the metal plate in a direction towards the shearing edge of the
workbench again; wherein the metal plate 2 is fed to an appropriate

10 distance towards the shearing edge 11 of the workbench 1.

I. Repeat Steps C, D, E and F when the punching head is situated at
the second position; wherein after the punching head 3 feeds the metal
plate 2 to an appropriate distance, the steps C, D, E and F are repeated,
and a plurality of spot-shaped cavities 4 arranged in a row and a linear

15 groove 5 are formed on the second surface 22 and the first surface 21 of
the metal plate 2 respectively, and a plurality of micro-holes 6 is formed
between the spot-shaped cavities 4 arranged in a row and the linear groove
5 (as shown in FIG. 8).

J. Return the punching head to the second position, and then shift the

20 punching head to a working distance in a direction parallel to the shearing
edge of the workbench and return the punching head to the first position to
complete a processing cycle; wherein the punching head 3 ascends back to
the second position Y2 again, and then moves in a working distance T
along the shearing edge 11 of the workbench 1 and back to the first

25 position to complete a processing cycle of the punching process.

After each step for completing the punching process of the whole
metal plate 2 for several times, the method further comprises a leveling
process to grind or polish the first surface 21 and the second surface 22 of
the metal plate 2 to facilitate a coating process at a later stage.

30 After the leveling process of the metal plate 2 takes place, the method

-10-



0.74 0.86 0.86

1.6k 0.72 0.85 0.78 2k 0.68 0.80 0.72 2.5k 0.59 0.77

0.75 3.15k 0.56 0.69 0.71 4k 0.41 0.66 0.67 NRC 0.75 0.85 0.85 Table

2 The test .sa
netal plate ?‘B‘F@

geomet ri ¢ h%ﬁ?[te& Buahe tfi?st%u?ﬁ%‘f&laz{}ﬁﬁrﬂg% gﬁs@@g@@ﬁ%fa LS8 O\R}ﬂ&%

Ions: a

foll ow ng con

enpeéra

um di

PR S L e

y %rfﬂ'ggﬁ%nji gkﬁ d

a sound- absoepite@hyrAitic thirgeacind thieahitkinebdof HEPHInA NS 8boitt 20 Hhe 434S

9056 specification,

and an i nternal

between the two | ayers equal to

50mm an ai r tHeapmro-diolé&0mare notdblacket tserasftoeghimveytho efi®0tHA, preventittghe
sound- absor pti on ratﬁ will be equal to 0.83. f]f the interval between
the two I ayefdajcdepqdamagss senfusihelmaproving the aesthetic appearance, and

extending the using life.
Therefore, the present invention controls the number of unit blade
portions 31 in Step B and the feed stroke of the metal plate 2 in Step H,
and selects the metal plate with a hardness HRB from 8 to 40 and a
10 ductility from 4 to 30 to manufacture the metal plate 2, and the number of
the micro-holes 6 ranges from 80000 to 450000 per square meter, or the
number of micro-holes 6 on the metal plate 2 ranges from 250000 to
400000 per square meter. The foregoing steps are taken to manufacture
the metal plate 2 with 400000 micro-holes per square meter on the metal
15 plate 2.  In a sound absorption test, test samples including a single-layer
micro-hole sound-absorbing metal plate and a double-layer micro-hole
sound-absorbing metal plate are adopted, wherein the single-layer
micro-hole sound-absorbing metal plate has a thickness of 1.0mm, and a
diameter of geometric hole equal to 0.08mm, and the tests are taken at a
20 temperature of 2501, a humidity of 60%, a sound-absorption rate of an
interval in compliance with the CNS 9056 specification. The test data of
the single-layer micro-hole sound-absorbing metal plate are listed in Table

1, and the line graph of the sound absorption test is shown in FIG. 9.

Air Layer 50mm 100mm 200mm 500mm
Center | Sound-Absorbing | Sound-Absorbing | Sound-Absorbing | Sound-Absorbing
Frequency Rate Rate Rate Rate
(Hz) (1/3)Qctave (1/3)Octave (1/3)Octave (1/3)Octave
125 0.01 0.09 0.30 0.85
160 0.09 0.19 0.40 0.76
200 0.15 0.25 0.45 0.68
250 0.17 0.39 0.66 0.70
315 0.25 0.51 0.80 0.57

-11-



10 layer is equal to 100nmm and the center frequency is equal to
1kHz, then the sound-absorption rate will be equal to 0.89. If the
I nterval between the two layers is equal to 100mm the air layer is

equal to 10Qnmgpgnd [t he cesy er T Tequency) |§ efjlual "Hg5630Mz, Thefspne

sound- absorptloj@orate wiTd zpeequal T 9 I T METHES
pl ate of theg préshem IHV(:'OIS onT$ tested anu' Fonpaneg wi-t-hot thﬁL
por ous soung—gaq t—= et-at—panet—agre-—the—test—cata—areH5ted
in Table 3, ran hb Hne 6 ph—o the Ud undamrnpﬁj\ test s v&\m

in FIG 11. DrnH?mt Pres ﬁ?S Lnvention Ocﬁ-]unri CGoho Aoé&md Goho B*S&hund
Gobo C Panell Nud¥er lof hd-Z% 400] 000 Kelses/ Mol 40, 0064hal es/ M2 406000

hol es/ M2 55,|558.650] @s/ M No7ari cr ot hol e9.6Bhi ckness ( fgp Hol € Di angbdr

(nun) ThicknessZ2Kl. 0 |[Hei ght.76f Hol e belodsy 0.1 [Thi ckngss 0.5 Hol e0.65

D aneter 0.45 2IBkckness (.74 0.57 0.65 0.66
3.15k 0.66 0.63 0.66 0.67
4k 0.61 0.59 0.67 0.61
NRC 0.55 0.65 0.65 0.65
Table 1

If the single-layer metal plate is tested at the conditions of an air layer
equal to 50mm and a center frequency equal to 2kHz, the sound-absorption
rate will reach 0.76. If the air layer is equal to 100mm and the center

5 frequency is equal to 800Hz, the sound-absorption rate will reach 0.85. If
the air layer is equal to 200mm and the center frequency is equal to 500Hz,
the sound-absorption rate will reach 0.81. If the air layer is equal to
500mm and the center frequency is equal to 125Hz, the sound-absorption
rate will reach 0.85.

10 The test data of the double-layer micro-hole sound-absorbing metal
plate are listed in Table 2, and the line graph of the sound absorption test is
shown in FIG. 10.

Distance Between 50mm 50mm 100mm
Two Layers
Air Layer 50mm 50mm 100mm
Center Frequency | Sound-Absorbing | Sound-Absorbing | Sound-Absorbing
(Hz) Rate Rate Rate
{1/3)Octave (1/3)Octave (1/3)Octave
125 0.33 0.21 0.35
160 0.49 0.37 0.36
200 0.48 0.59 0.65
250 0.75 0.76 0.88
315 0.82 0.76 0.91
400 0.83 0.79 0.90
500 0.77 0.89 0.88
630 0.77 0.88 0.92
800 0.77 0.88 0.90
Ik 0.80 0.89 0.87
1.25k 0.74 0.86 0.86
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0.5-0.6 Height of Hole 0.5-0.6 Thickness 0.5-0.2 Height of Hole

2.0-3.5 Thi ckness below 1.0 Center

Frequency Sound- Absorbin g Rate

Sound- Absor bi ng Rat e Sound- Absor bi ng Rate Sound- Absor bi ng Rate

Sound- Absor i ng Rakge (HZ)

(1/3) Cct ave

(I73)g¥ave (7 3yCchave (17 3) Ot ayeg

(173 Cgrave 100 02,9 16 07 12 07§3,0- 07 0.72
2.5k 0.59 0.77 0.75

3.15k 0.56 0.69 0.71

4k 0.41 0.66 0.67

NRC 0.75 0.85 0.85

Table 2

The test sample of the double-layer micro-hole sound-absorbing metal
plate comes with a thickness of 1.0mm, the diameter of geometric holes

equal to 0.08mm, and if the test is conducted at the following conditions: a

5 temperature of 250, a humidity of 60%, and a sound-absorption rate for
each interval in compliance with the CNS 9056 specification, and an
internal between the two layers equal to 50mm, an air layer of 50mm, and a
center frequency of 400Hz, then the sound-absorption rate will be equal to
0.83. If the interval between the two layers is equal to 50mm, the air

10 layer is equal to 100mm, and the center frequency is equal to 1kHz, then
the sound-absorption rate will be equal to 0.89. If the interval between.
the two layers is equal to 100mm, the air layer is equal to 100mm, and the
center frequency is equal to 630Hz, then the sound-absorption rate will be
equal to 0.92.

15 Further, the metal plate of the present invention is tested and
compared with other porous sound gobo and a general panel, and the test
data are listed in Table 3, and the line graph of the sound absorption test is
shown in FIG. 11.

Product Present Sound Gobo A | Sound Gobo B | Sound Gobo C Panel

Invention
Number of | 400,000 40,000 40,000 holes/M” | 55,555 holes/M’ No
holes holes/M’ holes/M® micro-holes
Thickness | Thickness 1.0 | Thickness 0.5 Thickness Thickness Thickness
(mm) Height of Hole Diameter 0.5~0.6 0.5~0.2 below 1.0
Hole Hole below 0.45 Height of Hole | Height of Hole
Diameter 0.1 0.5~0.6 2.0~3.5
()
Center Sound-Absorbin | Sound-Absorbing | Sound-Absorbing Sound-Absorbing | Sound-Absorbing
Frequency g Rate Rate Rate Rate Rate
(Hz) (1/3)Octave (1/3)Octave {1/3)Octave (1/3YOctave (1/3)Octave
100 0.26 0.16 0.12 0.01 0.07
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125 0.25 0.37 0.15 0.02 0.09 160 0.30 0.41 0.20 0.04 0.06 200 O.48
0.52 0.20 0.12 0.15 250 0.71 0.65 0.30 0.11 0.41 315 0.80 0.71 0.37

0.16 0. 31 400

125 0.25 0.37 0.15 0.02 0.06
160 0.30 0.41 0.20 0.04 0.06
200 0.48 0.52 0.20 0.12 0.15
250 0.71 0.65 0.30 0.11 0.41
315 0.80 0.71 0.37 0.16 0.31
400 0.83 0.74 0.35 0.21 0.30
500 0.92 0.66 0.32 0.14 0.16
630 0.78 0.50 0.24 0.12 0.13
800 0.62 0.36 0.19 0.11 0.07
Ik 0.56 0.41 0.25 .10 0.05
1.25k 0.65 0.50 0.27 0.10 0.04
1.6k 0.66 0.42 0.25 0.11 0.02
2k 0.58 0.35 0.28 0.13 0.01
2.5k 0.53 0.27 0.28 0.14 -0.02
3.15k 0.59 0.20 0.27 0.14 -0.01
4k 0.56 0.17 0.25 0.14 -0.05
5k 0.50 0.10 0.12 0.13 -0.05
NRC 0.70 0.50 0.30 0.15 0.15
Table 3

The sound gobo A includes 40000 micro-holes per square meter and

comes with a thickness equal to 0.5mm, and a minimum diameter of the
micro-holes equal to 0.45mm. The sound gobo B includes 40000

5 micro-holes per square meter and comes with a thickness from 0.5 mm to
(.6 mm, and a minimum diameter of the micro-holes from 0.5 mm to 0.6

mm. The sound gobo C includes 55555 micro-holes per square meter and

has a thickness from 0.5 mm to 2 mm, and a minimum diameter of the

micro-holes from 2.0 mm to 3.5 mm. The panel has no micro-holes and

10 comes with a thickness from 0.5mm to 1.0mm. The number of holes of

the metal plate in accordance with the present invention includes more than

400000 holes per square meter and comes with a thickness of 1.0 mm and

a height of the hole less than 0.1mm, such that the sound-absorption rate at

the center frequency 500Hz can reach up to 0.92. Among these sound

15 gobos, the invention achieves the best sound-absorption rate, and the

average of the noise reduction coefficient of the invention is equal to 0.7,
but other sound gobo (without sound-absorbing backing material) has an
average sound-absorption rate of 0.5 only. In conclusion, the sound

absorption effect of the present invention is much better than the
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0.83 0.74 0.35 0.21 0.30 500 0.92 0.66 0.32 0.14 0.16 630 0.78 0.50
0.24 0.12 0.13 800 0.62 0.36 0.19 0.11 0.07 1k 0.56 0.41 0.25 0.10

0.05 1.25k 0.65 0.50 0.27
conventional porous sound gobo and a general panel.
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0.10 0.04 1.6k 0.66 0.42 0.25 0.11 0.02 2k 0.58 0.35 0.28 0.13 0.01
2.5k 0.53 0.27 0.28 0.14 -0.02 3.15k 0.59 0.20 0.27 0.14 -0.01 4k
0.56 0.17 0.25 0.14 -0.05 5k
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What is claimed is:

1. A method of making micro-holes on a metal plate, comprising the steps
of:
(A). feeding a metal plate on a workbench forward to extend beyond a
shearing edge of the workbench, such that a first surface disposed at a
bottom of the metal plate is contacted with the workbench, and a part of
the metal plate is protruded and extended beyond the shearing edge of
the workbench;
(B). locating a punching head at a first position at a top of the shearing
edge of the workbench, and maintaining a working space between the
punching head and the workbench, wherein the punching head includes
a plurality of unit blade portions arranged in a row parallel to the

| shearing edge of the workbench;

(C). applying a shearing force to the workbench by the punching head;
(D). applying a force to bend the metal plate along the direction of
applying force by the punching head, and forming a plurality of
spot-shaped cavities arranged in a row on a second surface of the metal
plate by an action of the unit blade portions towards the punching head;
(E). bearing the shearing force on the first surface of the metal plate to
form a linear groove along the shearing edge of the workbench;
(F). deforming the metal plate by the shearing force, interconnecting thé
spot-shaped cavities arranged in a row on the second surface with the
linear groove on the first surface, and forming a plurality of micro-holes
at the intersection of the interconnection;
(G). returning the punching head to the first position, and then shifting
the punching head to a working distance in a direction parallel to the
shearing edge to a second position;
(H). feeding the metal plate in a direction towards the shearing edge of
the workbench again; |

(I). repeating Steps C, D, E and F when the punching head is situated at

-16-



0.50 0.10 0.12 0.13 -0.05 NRC 0.70 0.50 0.30 0.15 0.15 Table 3

The sound gobo A includes 40000 m cro-holes per square neter and
cones with a thickness equal to 0.5mm and a m ni num di aneter of the
i cro- hol es equahe secohd4fisition;mdsound gobo B includes 40000 5

m cro- hol es per square neter and cones with a thickness from0.5 mm
to 0.6 mm and & nietuiming dhapenehingheadeo thecsevond! psiticmmnd. themshifting
0.6 mm The sound gobo C includes 55555 m cro-hol es _per square neter
and has a thi ckifes dupelipgdiesdnio e ovorkamg distance in i ditestinmperadiel ¢ the

the mcro-holes from 2. o 3.5 ,m .The nel. has no m.cr - hql es
and 10 comes WS{Jﬁandng ﬁ&%‘?(mﬁtg? ngﬁl?%l_cﬁrﬂﬂq E&% %RBH%H%@}BaaftO the
hol es of <t he ne i ] present invention

i ncl udessm)re tﬁ%@&g@b{cﬁ%@@%‘g?%@gﬁé{g‘se ¢ &F and comes with a

thi ckness of 2. Chemmeéhddaheildhl reird-Relddrea hegsl plagnaLrebidl if ¥sdim 1
that the sound-absorption rate at the center frequency 500Hz can
reach up to 0.9%hefemribe nhetber odumit blide gotiomns inhSteprd entlithe fechiseuks
t he best sound-agsorpti on rate, and_the average of the noise

reduction coef f PEtkhineta! nlate innStent il giie icontrgliad, sechotimt theinuebes of the
sound gobo (w thaqut und- absor bi backi.ng mat eri.al n e
sound- absor pt i OHHF%@&G? Brae HT‘}H@W?%&}@%JépgﬁS, h@ﬂéggﬁ%& 4%868%61‘
absorptijgn effegt 8t Ldier present invention is much better than the

conventional porous sound gobo and a general panel. Wat is clainmed

is: 1. A net mdTat metkbd o mhakife MRS helks dEhddtalblatetas @B S ichEm 1,
the steps of: (A). feeding a netal plate on a worKbench forward to

extend beyond awhBreihdhe nnmbedgé uoit hlade portidisniarStepus lantltihe feed sirske
surface disposed_.at a bottomof the netal plate is_contacted with the
wor kbench, and ﬁfgﬁ"rmeﬁ Fhﬁf@ inedtgp B agg eon 0@?&&@@6@13& awnbegeef the

noad at & 11 s Tpagrn Semed Do FEIRERT Hark dangs® Tincigoli & ffho
wor kbengh, and g&iﬁ@&@h{@e@ wor ki ng space between the punching head
and t he workbencth, wherein the punching head includes a plurality of

uni t bl ade pof.t Thesnathodogeshking aicwheles anl £metd plhe sheaitedon etidge 1,
of the workbench; (C) . applying a shearing force to the workbench

\ by
the punchi ng heddereinshg metalapaieyhasy hardpess FRB rengingteomet t 46 anden
al ong the directign.of applying for by the punchi ng head, and
formng a pl uraﬁ?(&gltgfmgégg-fgq{g&e@ i@vi ties arranged in a row on a

second surface e %ﬁh@%ﬁhﬂiﬁ%éﬁ?ﬁb-ﬁ&e@%ﬂ ao{izseé_l ;gée‘%ra}égygkygg 3€laim 1,

portions towards punching
shearinggforce ahetdig thé uit bbadd geeiont aidgrraBEEd iPh @hﬁté&l(a%?&ﬁé.m a

bl

| i near groove al ong the shearing edge of the workbench;
def or mi ng t héb.nthamgthed of hyakihe nitreaholey ohe metaliplaterasaroited imglatimel ,
spot - shaped cavi Eli es arranged. in _a row on the second surface with the

|'i near groove oWherantiheswoskingadistangedis smalley thapl arpitch ybesween two

m cr o- hol es at intersection of the interconnection; 25(Q.
returning the p%(ﬂgﬁ?fﬂd“%tzﬁad%’o{tﬁ%“%i rst position, and then shifting

the punchi ng nepge htRod'BE iﬂd(}gn%hﬁ&%ﬂﬁcﬁek Bn% MHetAPARMARERED B clelin 6,
the shearing edge to a second position;
25 whereln the working distance is one half of a pitch between two
adjacent unit blade portions.
8. The method of making micro-holes on a metal plate as recited in claim 1,
wherein the Step F further comprises a Step F1 to control a stroke of the
punching head, such that the micro-holes formed after the spot-shaped

30 cavities arranged in a row on the second surface of the metal plate and
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(H. feeding the nmetal plate in a direction towards the shearing edge
of the workbench again; 30(1). repeating Steps C, D, E and F when the
punching head is situated at the second position; and (J). returning
the punchi ng heale t intdre geooadoposhéi first andfacbernfshhé t hiegalt Rgate are
punching head to a working distance in a direction parallel to the
shearing edge ofnterponneeicderaie amaintranox widig ththepuertiviah gineetian tsmaller
5first position to caonplete af rocessing cycle. 2. The nethod of

maki ng m cro- hot ﬁ“ﬁ art @&ieéaiﬁla%eci ted in claim1, wherein

the motal pl oo 1k r@RE. MU AERHR FOR & ARLRACE KRS8 P L
m oro-hokes | or kg (S FalRbek nbAREES SheomBOURALPs AS0RR s

10square neter. 3. The net on a netal plate
as recited in chahchihg hwad| euch tike the miero-bblasidrmiddagiRenthiet spshaped
Step B and the feed stroke of the netal plate in Step H are

control | ed, suchkavitigs artsagednberrogf onkbe siecond surfase ofithemasal plate and

metal plate ranges from 250000 to 4000Q0 15per square neter. 4. The
met hod of naki n%‘em' HRGATH GTRQVHN0R sk afirsh| gﬁ@fragg P%cﬁli%dmei?ﬂlclpé@tﬁl pre

wherein the net I har S ing from8 4Q, and, a
ductility rangi gﬂéeﬁPghmgﬁtja?Zha% g \gﬂﬁﬁ %yﬁﬁégg&%g&@gvm%%? Qhan ?he
m cro-hghes on gialy @l theldettian o&"&'@é&iﬁgm&n&kﬂ'ﬁrﬁt& 20wherein the
unit bl ade portions are arranged in a Sawtooth shape. 6. The net hod
of maki ng m ckThelresthod of naktiag mikrad-Roks oned nietdll platechwiaritdd imoRiig I
the working distance is smaller than a pitch _between two adj acent
unit bl ade port WheEsin the StephE fagheioeproprisesia Stem¥ 3 ito-costrel a stroke wf thd

o AT SR S e
wnerei n the. St epRururrRgec b8 PocEhdhe el SRAREERY By kil Mol

the punghing hega@ Igweh thedvd hen mied ofiftel earfhes Med aid emeidieplate are
spot - shaped 30cavities arranged in a row on the second surface of the

met al pl at e andintticenhéctedargdisposedat thedopiafdhe simetngmonk. t he net al

pl ate are interconnecte ave.a mnimumw dth in the vertical . .
di rection snll-&he g OSOEFFP %ggcm-nﬁ@h@émm&tﬁngﬂt&a@ecntﬁ@mﬁlamal,

of making mcro s.on a.neta -ate as regited 4.n aiam .1

wherein the St egﬂ’ﬁ{eﬁﬁwlﬁgﬁph"gh@ &’1%?%88 ﬁ% llegef&%glﬁ%lﬂpg %qr?%ﬁ?ealﬁ
t he punchi ng heag, ! - t

spot - shaped cav?ftéi sggHggrsgﬁgg%b?ﬁ}é;?n%%ﬂgﬁbﬁﬁe& gfé‘g?%c}? iE%eaS eg%ef t he
metal ppate dMThbendthodaf rgaldayganienothivtest o it metdlfsisle &F rddited iatoddim

plate are interconnected have a width along the |inear groove greater
than the 10wi dt hli Authes epmpasingna sloatisgdpnegesh doneoatingl atfdm ootoTiee

met hod of makin jcrq-holes on a,.netal ,plate as.recited.in clajm1l,
Ther ot ne st ibvBleRl RigtoniBastn aid decdna it o6 e mral Bla: AR tis
t he punching hel%%liﬁé’gpoée@?tteg{é%ﬁﬂ%&ro' hol es forned after the

I

spot - shaped cavities”arrange a row on the second surface of the
metal plate gndTRELNEhbH BEMakan@MMErRolel Onfd fitkalgyhfedderepited e cllhAl
pl ate are interconnected are disposed at the top of the |inear
groove. 241 . Thewiretdin thotnirblidegpertions ahabged am aaometsitieguriied iaStep B
recited in claiml, further conprising a |l eveling process for

| evel i ng the fi#stinggavaostingfithe second surface of the netal plate
after the Step J takes place. 20 12. The nmet hod of maki ng m cro-hol es
on a netal plate as recited in claim1l, further conprising a coating
process for coating a filmonto the leveled first surface and second
surface of the netal plate after the |eveling process takes place.

13 . The nmethod of making mcro-holes on a netal plate as recited in
claim1, 25wherein the unit blade portions arranged in a row as
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