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CENENTITIOUS%@Q%%&&%D PROUSS AND DI E FOR I TS MANUFACTURI NG pcT/cB97/00400'€
present invention relates to a cenentitious tile having good acoustic
properties, to a nethod of nmaking such atile and to a die assenbly for
use in the nethod. Board nmade from gypsum plaster is generically

termed pl ast er boLEMENTITITOUS tBOARD.| ANBAPROUSSAAND! DIE 2FORE TPS MANUFACTUREING 2S @
cladding for building interiors, either to give, or to provide a base for,
t he desired decorative finish. Pl ast er board has been successfully

used in other applicnéi presestiCin®eneeon i RIl1atdLStobyl La®edtatiggBeahkY
been very successful in applications where good acoustic absorption

properties aPBViRYAGE) 2CRSHL.® PFEReY LSy &0 RSRathod PE Jmakipgafuchayivige

relatively ggad 8604Siic ARRbRY S RILPEH! Eﬁé-méfﬂfmgoard is perforated by
hol'es or slits which are covered on one face of the board by cloth bonded

to the board. WO A- 8793A 182d¢ sEFeBe FYPSUBl diastbuarisd fgemerscadldyanermed
tic til | e bt h b desjred t
scoust 111 G IBELILALEE WL GRS SUS cackh s Boen 0eslr i Lo o

I nprove the acousii c absorpli on proper
al so been deslaeédiny fZhiterddihgsintemidas, cebthestelgivel | ¥rpteawodde a

appear ance. Agcordin o,the pr.esent _invention, there is provided
a sound absoPB&Rt %1 etc%eorﬁ?rsi"g?égd%ce?@%livﬁ gbgl terial having through
perforations which exignreribvagdghhaenebehi Ogacomdsmildly, uslar agher icsadri N

that at |east sope of the erforatioPs ar e,
applications, such as celling tiles, but has not generally been

very successful in applications where good acoustic absorption
properties are required. GB-A-2 203 .772 discloses a plasterboard
having relatively good acoustic absorption properties. The board
is perforated by holes or slits which are covered on one face of
the board by cloth bonded to the board. WO-A-87/00116 discloses
a plasterboard for_uée as an acoustic tile perforated with regular
slots. It has been desired to improve the acoustic absorption
properties of plasterboard tiles; it has alsc been desired to
achieve this in a tile of asthetically pleasing appearance.
According to the present invention, there is provided a
sound absorbent tile comprising cementitious material having
through perforations which extend through cementitious material,
' characterised inp that at least some of the perforations are
fissure-like perforations. Preferably some of the perforations
are circular in section.
| By “fissure-like” is meant generally elongate perforations
having irregular edges, preferébi§ with an aspect fatio {the ratio
of the length of the fissure to its maximum width} of at most 4:1.
An aspect ratio of at least 2:1 is preferred.
Preferably, the tile is lined, for example with a paper
liner and the lined surface has an array of indentations which

extend through the 1liner and terminate in the cementitious
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fissure-like pérforafions. Preferably sone of the perforations are
circular in section. By "fissure-like" is neant generally el engate

perforatio 4; &ﬁag irregul ar edges, preferably with an aspeeygestiosuét he
ratio of t ength of the fissure to its ﬁBXIﬁUﬁ]Mﬂdth) of at nost 4:1.

An aspect ratlo o] st 2:1 i [ Pr ef er abl the tile
is | Eed fRACEEE Ay eT‘%ﬁ taiﬁ‘“&rpaﬁ o’ PﬁﬁéFeg‘?ﬁP%éﬂ FYRTPEES f L %LHd

arr ayt OI | nelent pebaise WE Giscexteidk Tabb&&ﬁihéé"e hrnaer i e 1tse;fg1é<géé§1 %c% the
cenentitious

PCT/ GBO7/ 00480 LNARRERT QNS CReNg | ﬁ?rlroffc’f'ﬂ%tkﬂfhﬂléﬂlﬁﬁarﬂcﬁq or apleveld of
gi ving rise.d adpr q%uqa&t%eﬂ' g éne&?vamgﬂ%% celhs 'Eﬂgr SniQLged
I VI N eve’} gf

into the indentations during their formation g ri st
cont r ast |nuuaﬁwaenStdescnwbﬁkmuenégugkmduced by t he nachlnlng oper ati ons

descri bed previousl Pref r gl t De of Lge t hr ough
perforations on rﬁ?eéFaab%Y th é% nés t%kféﬁﬁﬁeae ?f%ﬁ%?ﬁﬁ'Pnany)
are cover ecche Isb.cnan &S Pelte abéatd)rcfﬁpdsﬂed enboalmeat sutfse QFerdnigs et
covered with a sound _absor bent terial Qrefer i n sheet

covered. In an especially preferred e o iment, these openings

are covered with a sound absorbent material, preferably in sheet

form such as acoustic paper or felt. '

Also according to the invention there is provided a method

of manufacturing a sound absorbent tile of cementitious board

comprising: ) ,

contacting a planar surface of a cementitious board with
the profiled surface of a punch plate having punches thereon, the
shapes of at least some of the punches being such as to form
lfissure—like perforations;

perforatingfthe board with fissure-like perforations by
applying pressure between the board and the die such that the
punches pass through the board; and

thereafter separating the punch plate from the board.

Preferably, the profiled surface of the punch plate
includes indentors of similar shape to the punches, shorter than
the punches, the method comprising embedding the punches and the
indentors in the_b;ard so that the punches through the board and
the indentors penetrate but do not pass through the board.

If the board is lined, it is preferred that the punch
plate impinges on the lined surface.

In a preferred method, the planar surface of the board is
painted after the board has been punched and indented. 1In this
way, an? liner forced into the indentations can be left unpainted,

- particularly if the paint is applied with a roller for example.
| Painting provides a way of varying the degree of contrast between

the indentations and the rest of the board.
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form such as acoustic paper or felt. - Also according to the .
i nvention-there ig Erovi ded a nethod of manufacturing a soundpebaBoteswno
tile of centhPrif board conpri si ng: contacting a planar surface

of a cenentitious bpard w_thif el S face.af u t e chaying
punches t hereon, thggsggpgggg{:%ﬂ{gését sone c')‘%tﬁg'pgﬁghggggg%%gggu%égas
to formfi spoaedl ikespikddouatingns;roller havpegfmditally ekeehdingl spikes.

fissure-like perforations by applyi ressure between the board a he

i o such  hSPLEHS i RBourh B8 I e aE e Te B dnt® 2Rhde B el
separ ating bBRrAUNGRiGhat givdHMd hepdidichlarly pleddfier alfpeariaheepr qhi | ed
surface of the punch plate includes indentors of simlar shape to the
punches, sh6PERENRARERR tHidhyGRE ESSYIRs LikenBRr tARIOHEN e ntRARA SR 1oRs -

punches and the indgpior scddidihl QSaEHeSﬁJé}&tiohh‘EhQHQCbé’S%zFéUﬂéﬁhat ke
board and the indentors penetrafe but do not pass through the board.

| f the boar dspemblyefpr iuse dnppertayasdnghsemeneiyinvsh borade coMPTigdsgon the
| i ned surface, fe Jgéj:] ;Fgadt d,_t I S
board is paPHf"ce:la %]fatteer a%xﬁeﬂg%i%é %%s eenggu%%he agn%;lﬁgnh(?e%%l %g.g&f (r)Ith Hﬁg

way, any |i pahchopladei nithet pancheeneathohavieg feshibstanmizdilyt exlongate -

particularly.if the paint_is.applied_wth rol Ler.for ex |.e. Painting
provi des a ééﬁsﬁfei'/ VT nBr?%efeg'eg#%ef(c)’Fm cofr?ll"tsrs £ {)Jé]f?/\egﬁrgﬁavh"@ésnt’a’?i 8ns
and the resboafdt hephoperhbly, the die assembly further comprisef indento¥®

97/ 29254 o . PCT/ GBO7/ 00400 In
an especi al Pf FiBELAF cFARE hER, i P EIESc £OFF PERECTRLIRY 3 SCEMREF10¥Fng a

roller havi pgakadi ghky pentRES BEikPi dbfangadl kN EHeaAREaWECS £t @RI QRlMES
fine pinholes in the surface of the_board which gives a particularly
pl easi ng appdaranerd axtesAbnR A SPRLIRE Higtances ST -Yhek ap@r Ferkadeoidannd

i ndentationgy the punches. Particularly preferably, the punch plate also
carries circular punches for producing circular perforations in
the board in addition to the fissure-like perforations.

It 1is preferred that the punches extend beyond the
indentors by an amount at least as great as the thickness of the
cementitious board so that the punches will have passed through
the board before the indentors impinge on the board, thus making
the through perforations before the indentations. By making the
perforations before the indentations, the size of the préSs
required to put the die assembly into operation is kept to a

minimum.

It is alsc preferred thaﬁ the die assembly includes_a
stripper plate and a die plate betweeﬁ which a tile is sandwiched
to be perforated. The stripper plate has holes therethrough to
allow the punches and indentors, if any, to pass through the plate
and into the tile, and ﬁhe die plate has holes therethrough for
the parage of the punches after they have perforated the tile.

The punches and indentors may be formed of grou?s of
adjacent'cylindrical punch pins or by single punches or indentors

of the desired shape. The holes in the punch plate to receive the



Al so according to the invention there is provided a die assenbly for use,
in perforating cenmentitious board, conprising a punch plate and gg@%@
arranged | sw@pyzmsqay on the surface of the punch plate, the ch
‘havi ng a substantially elongate fissure-like profile, to formfissure-Iike
perforati ogantR pih@ass. cHe plharhes yand hindéineoass eah| e fiurredr bgoapwises

I ndentors of simlar shape to unches pene rating a cenentitious
board. -1 heSBaRLIR < ARIPIGHS « AAFIRT VALY s 1S BARGReE naih, HIFABPAT diaih
ext endi ng BeSHR! 4 eferdinmiicangeef i HMdete 188b0a BHrdRTE ohh8Re daurifliRepPEACHES .
Rarticul arly preferably, the punch plate also carries circular punches for
produci ng plunchlRkagserforations in the board in addition to the :
fissure-like perfo o] I S d ts tend
beyond t he i ndent oégéiyggﬁog%%gnt t%t ttlhlgaslgfv?%%éﬁgat&%ggt hlrele t k%?se%f t he
cementi ti osaspended seifliay comppimicigeshni Filemval MSSGGVlemmgh Sweh bvar d

before the indentors_inp

per forati off§* géf‘%re “#he #‘ﬁgent H?%‘Q%épp%tﬂp %( *’%?%{él%ns efore the
i ndent at i orggbﬁtait&tfam oﬁnihmrpraqspeamner e:dr tmT:plgt 4 h];m.xln%eatsﬁemi.%es gt o}
operation is o a mnj al so .preferre a e die
assenbly i ﬁ@FBE&Bn%té’t Fpﬁpb?veﬂtdf’g and rg.l&s °BI ﬁ’t'@lﬁ& RERFAAANEN AV S e i s

sandwi ched ;b0 PerOgfif Opatedracthithsst buPPainly ateshae-nakes idwmekbiongh to
al l ow t he punches and indentors, if any, to pass through the plate and into

the tile, &edlihgsdicam| shushhe hBrée t*F?é‘F‘@ShrGﬁﬁ*Fel‘dor°Yﬁ§a]plar 2GeUBFit he
punches af %%Bp%@@? edaVv cﬁerfegcraﬁbﬁg the édiBng can be ThEaddUNGRAEShaNgs

i ndent ors orne of groups of adjacent cylindrical punch pins or by
singl e pun@lae'slonlanbhensmsalb]fe t fRr daB; raé’é-lEﬁéHé“ ThRrhoFRRSGh PRE phfich

plate to receive,t . 3 WO 97/ 26254
PCT/GBQ7/06§66r?Y Q&ﬁlble throughout.

‘An embodiment of the invention will now be described in
detail, by way. of example, with reference to the accompanying
drawings in which: :

Figure 1 is a schematic cross sectional view of a die
assembly according to the invention in use to make a tile
according to the invention;

Figure 2 shows a sqhematic perspective view of the punch
plate of Figure 1; '

Figure 3 shows part of a tile according to the invention;
" and

Figure 4 shows graphically the results of acoustic tests
in a tile according to the invention and a control.

Figures 1 and 2 illustrate part of a die assembly 10 which
includes long punches 12 and indentors 14 attached to a punch
plate 16. ‘fhe punches 12 consist of several punch pins 18 and the
indentors 14 consist of several indentor pins 20; the pins 18,20
are rigidly attached to the punch plate 16, for exafnple by welding
"or by having threaded lower portions which screw into threaded
holes in the plate. The pins 18,20 ére arranged in groups (see

Figure 2) to form punches 12 and indentors 14 which impart
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punrc]h pi ns er t he punches and i ndentors cam be forned by a wire erosion
t echpi que. ternatively, the punches and indentors may be GScHGBSHR900C
material seWQPHE23 bi nder on the surface of the punch plate. . Al so

according to the invention there is ovi de . .suspended_cei ling . .

conpri si ng Fh%s‘ﬁ?"e]js"k&f PERECTRRAERE] ﬁ‘ﬁé g[?dcgﬁ'g?\gl% slfcl%na PLaR-e d tile
non- uni f or Mz acQUiilch cRE QPR bissembBAd 0 ds appldfednt | The \punehf pide appaasance
by using a mxture of tiles according to the invention and tiles of

_sin?' | ?rtappsaun@pimiamgl agg lPRIRK TS FBR AARMMREBUPIBRI 301 | S&ier BupFke
| entatl ons q i i , i
8F%§gﬁgg§a§%ge§ ee aﬁegeshﬁgwah Q%f]edm P! lpllﬁslogaaec

pr.opert I es; p]l I ng can be nade | I's particular
sui t abl e f oshawnhuahd ordyuwanker eispdach indentexes @logashepwalidi bl e

t hr oughout . n enbodi ne fot I ¢ ' wi, |l n schibed in
detai |, by way of eT(Q e, a\ff?ﬁgi%?leor ea‘ﬁ%g ?}c{)gﬁ%eoé;?cgo é\n%l\é\‘r:\%?pf%gmﬁiiaggi n
whi CPrt:)I 24 gﬁbgﬂgeaﬂ?]ttﬁzr&.sﬁ eiBerat i corraxyonsidali coakndi argd emotigh to
assenbly according to the invention_ in use to make a til ccording.to the
i nvention; accommodgte ke PUTHRS ézs%‘én’a‘%‘i%‘tﬁérss&éctﬂi 'i‘/ia&é%t(ﬂ‘“'t ﬁéepunch

P'nsgﬁt ?‘(‘)n_Fi %g%geliG having apeStires338hedErddpohdohg d idhe pasenél ne.t orhhe

use, the die assembly 10 is mounted in a press and a lined
plasterboard tile 22 is sandwiched between the rigidly mounted
stripper 24 and die 26 plates. As the punch plate 16 is moved
towards the tile 22, the punches and then the indentors exert a
pressure of about 1.5 MN/m* on the tile 22. The punches 12 pass
through the apertures 28 in the stripper plate 24 and press into
the plasterboard. The punches 12 force plugs of plasterboard
through the openings 30 in the die plate 26. In this way, the
perforations are formed in the tile 22 before the indentors 14
engage the tile. -As the punch plate 16 continues to advance
towards the tile 22, the indentors 14 pass through the holes zg'
in the stripper plate 24 and are embedded in the tile. lOnce the
' bapef liner 32 of the tile 22 has been ruptured by the indentors
14, the operation is complete and the punch plate 16 is withdrawn.
The cleérances between the punches 12 and the
corresponding holes 30 in the die plate 26 shbuld be chosen to
ensure that the paper backing, if any, of the plasterboard tile 22
is cut cleanly away where the punches exit the plasterboard, while
allowing the punches to be withdrawn from the die plate. If the
top face of the tile is lined, for example with paper, the
appearance of the tbp surface of the tile can be determihed by the
clearance between the punches 12 and indentors 14 and the holes 28
through the stripper plate 24. A very small clearance will give
perforations and indentations having sharply defined edges while

a greater clearance will give perforations and indentations with



Figure 4 shows graphically the results of acoustic tests in atile
according to the invention and a control. Figures 1 and 2 ' .
I 1 l'ustrat egiepdrhosfy @ die assenbly 10 which includes |ong pmkmm&oand
indentors 14 attached to a punch plate 16. The punches 12 consi st “of

several pupgds Rid13 L3 r3ndat B8ged NARYQr £hdd £EPRSE Yt thes‘?.‘iﬁéi" ma ey or
pins 20; the pins 18,20 are rigidly attached to the punch plate 16,

exanpl e bya%I‘t}lsﬁgleo?t b%%leﬁ‘geﬁhreaded | ower portions which screw i nt o]
Lhreaded ol es | Buehg.BkAl $o Ihe Phdnddk 26 Yhs? a&angsgfwlgﬂga? deee

Figure 2) to form pun hes 1 entors 14
4 WhéXH120254 welded to the metal punch plat:e 16, w{dh CBHhE 00400

fissure-1li erforalons and. i nd ntatlonsto | asterbQard tile 22 to
whi ch t he fﬁ y 35 Si < ﬁapﬁﬁ%éd ﬁ‘ﬁ‘é’"d?ﬁ%@ﬁl’gu%mfé‘ FEga’éyl':Pnd:rqecal
~and ‘are | oppgde t rna,natrhangnd@rﬁm fiines 13020 Thetp Widhgakeakerpigd erakiiv

carries also single, circular unch gl ns. (nat . shown) and may carry
circul ar i3RRSHIYsE Pﬁo?r%?ﬁp issure- hﬁ?e ipdensatigns yin1 plasserhondudes a

top, StrippeloreBtalie Zhdavhsoramam ?'Ji:ﬁé péhcils aRASRRARAEIINLO: 3yl | arge
enough to accompdate the punches 12 and 1ndentors 14, and a bottom die,
touch each other; small gaps between them can be desirable since
they add to the irregularity of the edges of the fissure-like
perforations and indentations made by the punches and indentors.

After being punched and indented, the fissure (or fissure
and circular hole) pattern on the tile can be supplemented by a
pinhole pattern imposed by splklng the surface of the plasterboard
using a roller having spikes mounted radially on its perlphery.

' The spikes in contact with the tile at any given time have a much
smaller cross seceional area than the punches 12 and indentors 14
so the force on the roller required to drive the spikes into the
plasterboard is significantly less than the force required on the
punch plate 16 to broduce the fissure indentations. :

A tile 40 produced by use of the die assembly 10 is shown
in figure 3. The tile has fissure-like indentations A and
circular perforations B. Preferably the ratio of fissure-like to
circular perforations is-preferably within the range 2:1 to 1:2.
It has been found that satisfactory, acoustic properties are
achieved, without significant loss of strength, when about 6% of
the total area of the principel faces of the tile has
perforations. An aesthetically pleasing effect is achieved when
additionally about 6% of the total area of the front face of the
tile has indentations which do not pass through the tile.

'Figure 4 shows the result of acoustic tests conducted
according to BS EN 20354:1993 on a control plasterboard tile and
a plasterboard tile according to the invention. Both tiles are

9.5 mm thick, are lined on the back with 0.5 mm thick acoustic



pl ate 26 having apertures 30 corresponding to the punches 12. In use, t he

die assenbly_10_J unted in a press and a |lined pl asterboar e
sandwi ched bmJMe rigidly nmounted stripper 24 and die 26 plates. As

t he punch plate 16 js noved {_;'.#pwar s the tile 22 the punches and then the
i ndent ors exBRPeE: BR¥Sshr 8ubfacq RSty Q% ] &9/ offd HRaYs |Rezforatpens

punches 12 pgésrt BEOWEh chidg rapeiheisl 28utfaddie SITHORSEridratokd 2HURL €SS
into the plasterboard. The punches 12 force plugs of plasterboard through

t he openi ngscSBEYRL ttHdedpre Amn 8igpecey holfp sakdpmm; Gentras:f ofkeseie ghe
formed in the;iil Lthe i lentithsald £ENAAGE | :As _t he
punch pl ate ?éi%oﬁfgnrl%?fgﬁggadvance t owar dg the tile %tf?gt %éforf é:rlitég"rss 14
pass through the hol B8 4an shewsser ipdptr ofl she £requehcyr efcrigeddet thet he

tile. Once th er liner..32 edile,22 en.tuptured_by the
I ndentors 14?gfﬂgpa'g’b%rf acf"?ecf‘;\fl'lcs:,L eggm% e.t"‘teoraer‘:gl1 St rf%%%ﬂ:%ghtﬁﬁgt ea_né i"‘égure 4b
wi t hdrawn. shows tHh&amel pabanf®s tHectidenacéddinmurehele iventidn.t he

correspondi ng holes 30 in_.the die plate .26 shoul d be chosen to ensure that
the paper backing, i}¥t &L Bf S9%8 gF%fEtFéﬂb‘Gﬁrﬁ thate the aqaustif hsorptionvay

where the pupebesriade t her pl @sd erboas d, addda@ngl | @4 nghHehe jRYBRPESH t 05 be
withdrawn fromthe die plate. If the top face of the tile is lined, for

exanpl e wi t hspamificantdy sppRRicanEe W12k RE top Pntrateidie PHEr tihe ephirde
the. hol oo 26 TRAGIY { Aa 2T Iacror] arer i Phe CAT8) dQrashaRt oY,
gi ve perfor anvemsicmeshiddnsati genermldnd lataagbystbt i prefidégesaihng eita
gr eater cleaganfe ddg YoV faRf" dFAeARS 2880sd 1M ALLRARE L L
By varying the proportion of. the surface area of the tile
taken up by perforations, the acoustic properties of the tiles can
be varied. The appearance of the tiles can be kept constant by
providing indentations instead of perforations; the indentatioms
héve no significant effect on the acoustic properties'of the tile.
One use of tiles according to the invention is in the
constructions of suspended ceilings. It may be desired to provide
an acoustically absorbent suspended ceiling having different
acoustic properties in different parts. Tiles of similar
appearance to those of the invention can be méﬁﬁfaEturéd haQiﬁg no
perforations but.only fissure-like indentations; such.tiles can
be used with tiles according to the invention having to provide a
suspended ceiling of uniform appearance but with acoustic

properties which vary over the ceiling.



V\V\)fa)l ?78(231?izﬁgd edges, Wnere”!llu” I"tl";luml ”"Le l'i ner na'ltagrr{ 2?972?248?& leZ'Sat

t hose edgd¥0972 The punch "18"andl ihdentor 20 pins ar PEHGE7PURY; s
of metal rod welded to the metal punch plate 16, with the [|ongitudinal

axi s of each approxinmately perpendicular to the plate. By arranging the
pins 18,20 into el ongate strings, |aHIS SHEETHASPBEEN ¢r pr oduci ng

fissure-| imggent ations in plast erboaREpLAf;EDcreat pd.  The pins form ng
t he punches and i ndentors need not—totch—each—othet; small gaps between

t-hem can be desirable since they add to the irregularity of the edges of
the fissure-like pgriQnald osssawsbdcndentat i g msgppysidge Eaﬂéﬂeﬁm

i ndent or s. After being punched and indente the Tissure (0

fissure amadteriallhaving shrongh Ferforatiens |(Ad U&h‘ﬂbee@@ﬁﬁl cheenghy qéye a

pi nhol e pattern i e - I#gf Q e r ing a
rol |l er havi ﬁ'aemb -‘{(%gﬁng‘ugtxe%'a ) Fgegﬁi%étfqglerﬁgﬁery Ea-' é%ﬁ%e%f ir'lr#%
contact w pbribeatidres atreafyjsguverlikenperdorasionsh snmal | er cross sectional
area than the punches 12 and indentors 14 so the force on the roller
required to drive the spikes into the plasterboard is significantly |ess
than the farce regni k@deoactbedimgicbopbaatmlh ta phadhcehtheeheSitfous

i ndent ati ons. Atile 40 groduced by use of the die assembly 10 is
shown material is gypsum plas
3. A tile according to claim 1, 2 or 3 in which some of the

perforations (B) are generally circular in section.

4. A tile (40) according to any preceding claim having a
liner. :
5. A tile (40) according to claim 4 in which the liner is of
paper.

6. A tile (40) according to any preceding claim in which the

fissure-like perforations (A) are aligned in substantially the

same direction.

7. . A tile (40) according to any preceding claim in which at

least some of the openings of the perforations (A) are covered.

8. A tile (40) according to claim 7 in which the openings are

covered with sound absorptive material.

9. ' A tile (40) according to any preceding claim in which the
- total area of the perforations (A) is about 6% of the area of one

of the principal surfaces of the tile.

i



in figure 3. The tile hasf tations A and circul ar
perforations B. Preferably thHl m‘ W lm e-like to circlUEHGR7/00400
perforatlonsvf% m‘bra y W LRI ne rande 2:1 to 1:2. It has been found

that sati sf aghory aCR”é{ Q'bgr;f&%dr%iﬁgr €o \‘:@ged 4 haulimSig rul'{llc%fagﬁe

| oss of strength, whén a Sout tota ea 0 he principal faces
of the tile b&sfaeef osfit ithes. 2Abe acist hdtined! | gng| exdwi nGiskflecsurfacachhased
when additiqgn about % of the ea of. . the frant face of .the tile
has i ndent at i* ﬁ PR A n‘% ﬁc:h(gﬁé‘ﬁh ﬁ% Sthimer and Eer““"'ﬁ"geur”‘él he
shows fhe resahbneiraseeisidrerigst s conducted according to BS EN 20354: 1993
on a control plasterboard tile and a plasterboard tile according to the
invention. Both tiles are 9.5 nmthick, are lined on the back with 0.5 nm

thi ck acousti 8 ile (40) according to €laim 1NW>§¥/%&aéﬁ the
PCT/ GB97/ 0046’ paper ave a surface density of 7 kg/nferr] and have

per f orati ons indesraélens anecifispa¥eri pal surfaces. The perforations in
the control tile are 4mm dianeter holes at 15mm centres; those in the
tile according to the invention are fissure-like perfarations.
Figure 4a shaes a pIAtm@&hddweffmm}sfauD}lrdhgaga‘smmd tdbsorbbsorypileon40) of
coefficient as for . the c%ntrgl til n(g Lgur
cementitious boar accordln Y precedlng claim comprising:
contacting a planar surface of a cementitious board (22)
with the profiled surface of a punch plate (16) having punches
(12) thereon, the shapes of at least some of the punches (12)
being such as to form fissure-like perforations;
perforating the board with fissure-like perforations ()
by applying pressure between the board (22) and the die such that
the punches (12) pass through the board; and

thereafter separating the punch_plate (16) f£rom the board

(22).

13. A method according to claim 12 in which the board (22) is
plasterboard. ‘

14. A method according to claim 13 in further comprising

perforating the board with substant;ally circular perforations

(B) .

1s. A method according to claim 12, 13 or 14 in which the
profiled surface of the punch plate (16) includes indentors (14)
of similar shape to the punches (12), shbrter than the punches
) (12}, the method comprising embedding the punches (iZ) and the
indentors (14) in the board so that the punches (12) pass through
the board and the indentors (14) penetrate the lining but do not

pass through the board.



shows the same plot for the o the invention. It
wll be seen fromFi gure 4 H'mlﬂ"ﬁﬂmﬂﬂmmu absorptlon performance® of
the tile wiremotkg to 4 nventtiom ts significant!|y PCIJGBI7ION4000
that of the control tile over the entire frequency range tested, &and that

the tile afcordl NG, hiaehb@ ddBeralihgNe& it 322 OENQLabLY1d |58 wAEOK StHL
profile, maki it well suited to many di fferent acoustic environments.

By varyi ngP®aRs pi2@poisi dined- t he surface area of the tile taken up by
perforations, the acoustic properties of the tiles can be varied. The
appearance of the tiles can be kept constant by providing indentations

i nst ead ofl'perford’tin‘@mbpdtdtrecdnﬁiagt api oksithdbe and S$girifw'm'.a;ht thé fmaricton t he

acoustic p er . s§ ties @ ding to the
i nvention #P& tlﬁz cons uc%c# g’r?stg %b%%%% cei |ngk£5 q?& be desired

to provide an acoustlcally absor bent suspended celling haV|ng di fferent
acoustic ropertle different parts. Til es simlar appearance

to those of®the i rﬁ/e'ﬁ?rrklﬂ? AFFFEIREN P2 AW &F AR H’G gt £ bt at poremnut

only fissutéindriengndadintingNs Slitart | dBFaeen dFe diethddAd) {3d)esaficgzor di ng
to the invention having to provide a sus‘_g%onded ceiling of uniform

appear anceSeRARat ifgt ﬁheaE‘b‘E%rt iRdaSeopast i gemthenb9a¥d- over the ceiling.

19. A method according to any of claims 12 to 18 further
comprising spiking the surface of the board (22) using a roller
having radially extending spikes.

20. A method according to any of claims 12 to 19 further
comprising covering the openings of the perforations on one side

of the board (22).

21. A method according to claim 20 in which the openings are

covered with sound absorptive material.

22. A method according to any of claims 12 to 21 in which the
perforations are formed before the indentors (14} are eqbedded in
the board (22).

23. A die ‘assembly (10) for use in perforating cementitious
board comprising a punch plate (16) and punches (12) arranged on
the surface of the punch plate, the punches (12) being shaped to
form fissure-like perforétions (A) in a board (22) perforated by

the die assembly.

24. A die assembly (10) according to claim 23 in which the

punches (12) are aligned substantially in the same direction.

10
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perforations

sound ~alisor bwateobss (40) M“!‘“FL“IMHM‘“L tious mat 2r| al thl/rn;gckh'llw

(A) which exte roughs t e cenentitious material,

characterized in that at |east sone_of the gerforatlons are el ongaté

fissure-like2ferforafi 8¢ ARARGY: AFBYURSTC

ERnGLBEP R AT @dnSuaRher

Cross-sect i ORomprZsing fhdéﬂd%r&CQQlﬂlﬂ@rtﬁhﬁaﬁﬁaﬁhﬁgla Bbhedt iti®us board,
material is gypsum plaster. A tile according to claim

cenmentitious

1, 2 or. 3 inthei ARASBREYSioeIY FEFPRASR| 8ﬂst’(‘%) SUrEAGRe R Ahey PURFRUPARES n

sectlon 4,
| i mer. 5.
paper. 6.
fissure-like

{16) £n§ éﬁe%%ga&%inas &fbtﬁ%epfﬁ&ﬁcﬂﬂégsﬁié";ﬂ}éﬁvtﬂgnad

(40) actcording to claim4 in which th lner 1's o
theAPtlnt@E% 402)according to any preceding claimin which the

26. A die assembly (10) according to claim 25 in which the
punches (12) and indentors (14) are formed by groups of adjacent
cylindrical punch pins (18,20).

27. A die assembly (10) according to claim 25 or 26 ;n which
the punches (12) extend beyond the indentors (14) by an amount at
least as great as the thickness of a cementitious board (22) to be
punched so that punches (12) will have passed through the board

(22) before the indentors (14) impinge on the board.

28. A die assembly (10) according to any of claims 23 to 27
in which the punch plate (16) is metal and the punches (12) and

indentors (14) are metal and are welded to the punch plate (16).

29. A die assembly (10) according to any of claims 23 to 28
in which at least some of the punches (12) and indentors (14)
comprise lengths of roed (18,20) mounted in clusters substantiélly

perpendicular to the surface of the punch plate (16).

30. A die assembly (10) according to any of claims 23 to 27
in which at least some of the punches (12) and indentors (14) are

of a ceramic.

31. A die assembly (10} according to claim 30 in which the

ceramic punches are set in a binder applied to the surface of the

punch plate (16}).

32. A suspended ceiling comprising tiles (40) according to any

of claims 1 to 11.

1l
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perforations (A) are ali gummumu mmm Iy the same direction. 7. A
tile (40) accordln to an in mhlch at | east_sone of the *
openi ngs oY gﬁ@gforatlons A" are covered. . A ti| PAHUSBITANY, di ng
toclaim?7 |n mhlch t he openi ngs are covered mnth sound absorptive ™~
material. a9, At slhiSpérddba asiQidign Gckoraitg PECCEThiY $2 ahdViny Winch the
total area of the perforations (A) is about 6% of the area of one of the
princi pal supifeEs asPUSREC (RCperties angry sPbs§anyially uniform appearance

PCT/ US97/ Ooég.gprﬁékng czlést14|o$ £é@&:ﬁ gOEQ'd}S' be Siwima ecesi'fagaﬁheuﬂe's

whi ch one s ace of the tileis lined and the |ined surface
|ndentatlonylmh¢@¢|R@Gﬂgmatﬁhn%nRﬁYnmﬁe°P1heﬁliﬁ“§eté%h¢rﬁnﬂsnmnt4¢nﬁ

cenmentitious material. 11. A tile (40) according to claim 10 in
which the indentations are fissures. 12. A et hod of manufacturing a
sound absorbent tile (40) of cenentitious board according to any preceding
cl ai m conpri si ng: contacting a planar surface of a cenentitious

board (22) with the profiled surface of a punch plate (16) havi ng punches
(12) thereon, the shapes of at |east sonme of the punches (12) being such as-
to formfissure-like perforations; perforating the board wth
fissure-like perforations (A) by applying pressure between the board (22)
and the die such that the punches (12) pass through the board; and
thereafter separating the punch plate (16) fromthe board (22).

12
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13. A nmethod according to claim 12 in whieh the board (22) is

pl ast €r board % A et hod according to claim13 in furtfiﬁrﬁﬁﬁEMd“m ng
perforating the oard with substantially circular perforations (B).

A met hod according to claim12, 13 or 14 i #/%hi ch the profiled surface of

t he punch plate (16) includes indentors (14) of simlar shape to the
punches (12), shorter than the punches-(12) , the nmethod conprising
enbeddi ng the punches (12) and .the indentors (14) in the board so that the
punches (12) pass through the board and the indentors (14) penetrate the
lining but do not pass through the board.

9 - - WD 97/ 29254 PCT/ GB97/ 00400
16. A method aeTording to claim12, 13, 14 or 15 in which the board (22)
is |ined. 17. +A met hod according to claim15 and 16 in which the

punch plate (16){ I3 applied to the lined face of the board (22). 18.

A nethod according=to0 any of clains 12 to 17 further conprising painting a

pl anar surface ofifhe board (2)eafter
. —
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separating the punch plate (16) fromthe board. 19. A et hod
accordi-ng to any of clains 12 to 18 further conprising spiking the surfate’
of the board 0?5 TE2P%hg a roller having radially extending Spl%&?

A net hod according to any of clainms 12 to 192f&4rther conpri sing coverlng

t he openings of the perforations on one side of the board (22). 21. A
nmet hod according to claim20 in which the openings are covered with sound
absorptive material . 22. A nmet hod according to any of clainms 12 to 21
in which the perforations are forned before the indentors (14) are enbedded
in the board (22). 23. die assenbly (10) for use in perforating

cenentitious board con$u|5|ng 2
on the surface of the

assenbly 24.
punches (12) are alig
10
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VO 97/ 29254 | | N ~PCT/ US97/ 00400

PCT/ GB977004Q00 A die assenbly (10) according to clai npE&pcBs7ebioo
further” conprising Indentors (14) for pgRetrating a cenentitious board, the
i ndentors being arranged on the surface of the punch plate (16) and ~
extending a smaller distance fromthe said plate than do the punches (12).

26. A die assenbly (10) according to claim25 in which the punches (12)
and indentors (14) are formed by groups of adjacent cylindrical punch pins
(18, 20).. 27. A die assenbly (10) according to claim25 or 26 in which
t he punches (12) extend beyond the ib ors (14) by an anount at | east as
great as the thi ckness of a cerrentltlous boaxd (22) to be punched so t hat
punches (12) 2 - L - o0 N Or S
(14) inpinge fon the board . ,dl e assenbly (10) according to hny
of clainms 23 ftq I n @hich the punch pl (16) is _netal4und the punc es
(12) and ind (14) ar eiet al are Wel ded t B he punch 19).
29. A di assenbl§](10) accor to any of clainms 23 to |n i £h at
| east sone off the pun®hes (1 and indentorg (14) c ri | engt hs of §od
(18, 20) nount in cluster bstantially perpendi c™ ar t he surfacef of

t he punch pl 4 16). 30. QA di e‘ssenb' (10) according to any q
clains 23 to ZMH ch@t |east sone of the pugghes @EBBRgnd i ndenig)rs
(14) are of & cerarmc. 31. A die aggenbly (10) according to cm30
i n which the — b o
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ceram c punches are set in a binder appliedto the surface of the punch

pl ate- (16). A suspended ceiling conprising tiles (4 Lrg ™
to any of cl‘gpﬁn?sf'o 11. 11 Qhﬁﬁw
97/ 29254 414 PCT/ GB97/ 00400 ~ 33.

A suspended ceiling according to claim 32 having non- uniform acoustic
properties and a substantially uniform appearance conprising tiles (40)
according to any of,clains 1 to 10 and tiles wi thout perforations having

only fissure-like ih8entations. | FIG. 4a
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(57) Abstract
A die assembly (10) for providing a gypsum ceiling tile having

improved acoustic absorption properties comprises a punch plate (16)

‘having punches {12) which form pesforations through a plasterboard tile and indentors (14) which form identations in the tile. The punches

and indentors are arranged in elongate strips to produce fissure-like perforations and indentations. A stripper plate (24) having apertures
(28, 28") comresponding to the punches and indentors and a die plate {26) having apertures (30) comresponding to the punches sandwich the
tile, and the punch plate is applied to the tile. The invention embraces the tile, the die assembly and a method of making the tiles.




