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PCT/ AU97/ 00794 | MPROVED OBJECT MANUFACTURE TECHNI CAL FI ELD

This invention lies in the field of object nmanufacture. BACKGROUND ART
51t is know¥O®2328% | aser technol ogy to manufacture obj ecPSTAWBTOMAY part s,
whi ch require precision manufacture in ordler to interact with other parts,

and al so prototypes. In the past, such parts and prototypes were
general | y nadepproyveskoBlUESTOMANUFRRTURE Om wood or plastic or simlar
material. Alternately, these Itemrs were machined fromsolid netal. Both

t echni ques wer LB 1.ng, 10 required skilled personnel and were
relatively expﬁﬁék@@QxEQﬁg | am nat ed obj ect manufacture or |aser object

machi nery ("LOM'), a CAD .(cor}puter ai ded design) programme is used to
generate a t hr E@isdavention Jaain the fieldeafobisct masufdgtwet and to provi de

I nstructions to a conputer connected to LOM apparatus, which in turn
produces the tBASKGROEYND ART! solid object. 15 In nore detail, LOM
i nvol ves providing a single |ayer of paper, which has been pr ecoat ed

~with adhesiv ' LNat | al |l er._use heat
to cause t heespg@e‘r‘@%&dﬁfg%%B{:'ﬂ{e&%)};wﬁérrlﬁﬁgkneeaé@?c%ﬁufﬁr?j e emts a
| aser beam andWiHId§AWR Precifion maeufaciurgianrder fodeteractavithrstheeparts, @ndnot or s
Fhe 20 CAD gonar ateeybes; ifie past bicr purty artPptotyes wefetenaal) madelcl
t he desired 8}5%?‘@%! cx%ittshlé@, f@@@{locﬁorﬁﬁp_Orfﬁgl?qrdggtpriﬂtjé\&emai%lg, epe
excess paper oiiems were machinesfrars seli-mitah Both techniqueseféredime-torsimingt he

paper outsi dfy dHRiredSkiied ®etddPidl and > horizontal platform
noves downwar dléﬁ%and a se?gnd Iayaer ‘g gg%g{rléi sexggn%g%anced and | am nat ed

to the first. The s d . cross-section of the object. is . _cut out via the
| aser beam and' 'ﬁg‘lﬁ%ﬁg&leggmﬁ%g{% gk ?e%&’JS@f'JB?&'"@X(,(FFOM% Pcfg‘éosect i on
is cut on an o(rampiderwited desigo) pregrapire fst iseddvfdeneeate o thoee-tinsenstonal  t he
preceding and ihdedf #6 SbiRebRd to provibRIiAstRICASASE & SofrpBf Bfintblily hundr eds
of cross-secti ﬁB have %enhleI\t.h eac fﬁg consj st |_gg of the Hl ckness of a
singl e piece o B@ﬁ@??ra = WOIGN, i yrg produces the,three-diipensional solid pbieche st ack
of paper is renoved, the excess paper is separated fromthe
cross-sect i oh I mese detaﬂ¢ le@bevqlm pravidingdl single laydraf paget, vhéetr hag bpeand
2 the desir prbcolicPwilth BBRERABh Xirizbhtal SO A HifinBliAgHSer Lieyo0d- 11 ke
I n appear ancg aﬂd can_be sand%d 8F| m%cm ned. .t o r'er 1Ty 11 .
eat to cause the paper to adhere to the platform. A laser cutting head emits a

laser beam and moves over the layer of paper under the influence of motors

adapted to control the motion of the laser head. The laser beam, guided by the
20 CAD generated instructions, precisely cuts a first cross-section of the desired

object on the layer of paper. The laser then dices all excess paper outside the

cross-sectional area, in effect, freeing the paper outside the cross-sectional

boundary.

The horizontal platform moves downwardly and a second layer of paper is

25 advanced and laminated to the first. The second cross-section of the object is
cut out via the laser beam and the excess paper is diced, as before. Each
cross-section is cut on an outline which is often slightly different from that on
the preceding and following sheets.

This process is repeated until hundreds of cross-sections have been cut, each
30 consisting of the thickness of a single piece of paper. When all cross sections

have been cut, the stack of paper is removed, the excess paper is separated

from the cross-sections (facilitated by the laser dicing referred to earlier) and
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The production of three-di nensional objects via LOMrepresented a
significant advance over the handnade prototypes and patterns previously
avail able, 5 Pigﬁgse LOM i s capabl e of producing three-dinmensional objects
at high spedP™ relatively | ow cost, conpared to the prEGHANI%00794

pr ocedur es. However, the production ofpeach sheet of such a | am nated
object is relatively ti me consum ng, because although the path to be

traversed by {nHaaidsie€ three@ithbhsiondlestlectrenRina Jheproelctds wovbaikeiis -
reprogramed into a conp égr b10 canctir al s%@% em thg. h:i[ad nmust still

physi cal | y trﬁM@n‘fq@% i, b§Sanfgd gL mactined o MEdNT he sheet. Use of
such systens can produce good quality | am nated nodel s al t hough in the
case of a nodﬁhemowﬁoaggtm irssnsionalobijects vial.QMorepresaemted agignificant t he

' equi red sheehavdipe dvakthd Raridriadd Brdtetypss Bhd BRitrms previduslySavaRgetedi nal y an
obj ect of the present_inventiqgn, .inter alla, to prqvide . a I5 systemfor

e hauct 1 on df bERUSBILOMIS FRCRHIP 9hPragHSiia biseHTabis Rl abiosts ALNISh SPRRRI ng
or wor ki ng of apdeélativeheiow costycarhparee todhe prexdous prockdures. achi eved
relatively quickly as conpared with existing apparatus and does not

necessarily r ' ' ' :
profile to be cut’ into, each sheet. I I _

Y " Filebe, T pricueion SPOBANERE qRUERETbRAta GBREFIIRIGHIEY
It has now be8MefofsHTENG: pecayse altheughshenalth & he trapesedLy Betlaserayer ed and
fi nﬂl e | ayer, cowningiheafdrabdue edch sheetofipeperds l‘édregrahﬂnédﬁmw?i computér LOV

echni que, .

enbodi (r:]rent s?ﬂ"ﬁﬁ?’@%&?&r’{ﬁﬁﬁ%ﬁgﬁ?i@%‘r gﬁ éﬁ }é%'é?lbﬁ%&eé’%ﬁheéﬁ%%@fﬁ gé)gﬁ?s whi ch
25 are adapt equt b thesbeetyUse ah sueh systeatpeanceroduce nedauatuya\argﬁmq to be
P edet e i ned o R I B S e P at us
Iﬁavi ng to t ra\%&'é‘g OEI?B the 'eﬁ“i’éﬁssi‘%gﬁ F'ngg‘f%{’wﬁ'é'ét“%%? 8 PRE-sheet . PP
Accordingly, this invention provides an inproved process for object 30
manuf act ur e, didspecendinglypan abiestobthenresentinventionsimten alig; to provisisia ed cross-

sectional oy IsySienpfod protiiclibh of Bbjettsciofbd Sioph MimihatedtheBtd WherbiPtHd i ne to
cause t he suBst r

/ Kk ' .. . .
3 In an esp&UMR@ %ﬁ?ﬁ‘?‘@ﬁ%&gﬁ ﬁﬁ%ﬁ#%&?{%{t"%é Péaqq"ﬁgequﬁl&ﬂs BPRIEYeRs an
i nproved  pr celatively quicklyrdsreoanaparedjvatht existing apparetus ansigieassiotg printing on
at | east Sorqéceésa?ilﬂéﬁﬁﬁé nﬁ’écﬁﬂn‘t“d‘a‘?Eoﬁfggﬁﬂﬁt%ttb?h%iﬁaﬁ&?ﬁé\fé?ge the profile to

Cross-section outli'ne, bi ndi ng the strates”and ‘applyrng s I cl ent
energy to the%ﬁrqqﬁf'gﬂe@ﬁ}f'lshﬁ%t'to 5 cause each printed substrate to weaken
at the outline. This invention al so provides an object and a | am nated
obj ect manuRaRISCEOSYYRE QMTHE IDMENTIONT t he present invention. Thi s
I nvention al so provi des apparatus for produci ng an object, the apparatus

i ncl udi ng pri nf h&¥néWe deen diicobéiedt thagtHide-dimbRashal Wbfects! ot Riverey A%si I ed

cross- 10 sectional_ outling and, ener. ener at.i Qn ns for Lyl n

CuTt e ent - endige lay8f ey e B ER ik MRRGET Smids SPbuiol B i/ "1
weaken at the teghrlidluaa.butWithmtbeineadrtoiemplayadapromléast iapgoameat us f or
producing a '%ﬁﬁiﬁ@n&?tt@ﬁreséx‘iﬁnventﬁﬁﬁ@i?&éb‘?o bfb%y?ééﬂ&%d;té?ﬁa@m WhRigRs for

rinting on _at |east, sogne of nunber 0 | eces S ate a, desired
(F:)r 0SS- sg cti apAre ﬁgpﬁeﬁ@g qgfq%y?t\r@%tgﬁgegwed 8utﬁne on?o a sHeet to be laminated
and facilitate cutting of successive sheets to differing predetermined outlines
without the necessity of any mechanical apparatus having to traverse the

precise outline to be cut onto the sheet.

Accordingly, this invention provides an improved process for object

30 manufacture, comprising printing on at least one substrate a desired cross-
sectional outline and applying sufficient energy to the printed outline to cause
the substrate to weaken at the outline.
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15 binding the substrate and energy generation neans for applying
sufficient energy to the printed outline to cause each substrate to
weaken at the outline. It will be appreciated that the process of the
present i nveMABWR2Peat |y i nproves on the prior art LOV PEEAHYE®4 since
It can enabl e the production of three- I mensi onal objects by apparatus
such as phot ocopyi ng nmachi nes or printers,” 20 for exanple. Preferably,

t hese are guid 0 ' . 1 ; ; ; | oM -
apparatus, so ?ﬁ%’?g?iee&éc}%%f’ H%@@d@%h{j‘?me ﬁeﬁgg{l? r%‘?c,’ée%éc'ﬁrm%g%%i red
cross- sect i onaPro§ges faf @@W%%PP@%FWJ@E‘,U’Qvd’of"ﬁgﬁfﬁg prntiRgQrpatieast

S ;J ?ﬁ tr aL es. | sothé of & r:\dmtbérmftpEweQWB&bafaté lai desirad @msys?wanglmtm%e_, a | aser,
al t hough a | as rv. g | L avention in
a1 embod; men: Sl PE'sparA8K ER Unhsd epBigdonrl? e up EBG0e R | e
above. THecaussseach printeg substemie éo weaken shihe autline.r ange of material s,

I ncl udi ng without Iimtation woven and nonwoven materials, nmenbranes and

materials — nyAR iAvetitionalido prvRleglantstgedtidhdfd Rinfifiated BbjdR matifddired Bt 2l
or conductive B{ﬁ@‘toh [ et efééﬁ'& réag be i ncorporated in Sone or all “of

t he substrate. g %%etsr%ft %ﬁ feinyeq r1'age of pieces. If the

substrate is made froma relatively malleable material, such as netal, the
obj ect may be WDigiinventioaralse pravidesanparatys for preduring anabjest, thé apparetus| e.
4 Qher choi gRiudMg BHMiRPMBaRs 5T PrMtifg oliak leddCore BAb&te addfed RRdss-

skil'led in the rel evant art.s. A preferred terial, 1S paper, since it
is readily a%ﬁ?%né?aﬂﬁn? ﬁQQﬁ&ﬁ@W'PeraWEPg?qrr?@piﬂ%?V@?‘E“‘ﬁﬁﬁrﬂ)ﬁrrpri se
a si ngl e | ayer tothegprinted outibé éo catss thel subStratertolwatikeg atthe oollige.paper but

al so bul k construction material, naterial of lattice construction,

silicon chips gqhis¥i&ition A% QHWescéﬂmthsmrsdmﬁga:aﬂnina?éaﬂogecgihe The
substrate need not'iage iol ar rfth(i.weyer: '11 ma,l){.be th([:l e- di menst nal .
Further, the s@BBR ‘f%"ﬁﬁ@"}%‘" ¥ngimeansfor grinting on. a %&P%SPW%O BRYMPSE
| am nat ed nat eof pleces pf subsitaty awlesired icfdss+sectional mudiie, binding ieangfort he
layers. 10 Thep R SiRtd SdAerc y@fehéfa%n%ééhifo?ag ngifn %Ff[c?én?“t

h I’Irﬁl str‘[J Peacs

el ectrostati c charde, so t at@ﬁi ng on the su )
differently, d&perdytrgherrntedQutine tocauseeaeh sybsiratg ta weaken ghtheoiiling.at e

may be nmade from nmesoporous silica, in which case the printing mat eri al
may be sodi um lavilibe appaeciateditbatrthe prodessiof the plesent invehtion greafly intprosesi| so
cont enpl at ed t hat ; f id i | Il hat

pl ati ng materi %‘P tprg%pﬁgpéft#%ﬁ%ﬁ%@é%%@ﬁt%ﬂ%%n@ag{t@ kqfq@'yete
control ling Ren %B%Qbﬁ ¥ APPRIAYS 3 GReAsRholpconying Biaehings pr Biintesy of

i nsul ati ng neo dor eXample. Pieferablyethede e guided byabésraputsnin & einfilar Athnep t&

excampl o by o < 20y PO Bopgretliy 3bi Rafthe EPUisriFERERE inigrodf ot dhen A0 201

of the substratdesireqd crasstsagtienal putling anueaahy substretes ¢ resultyn Betank aft i al
havi ng t he abi lgybstratespr ovi de i nsul ati on, reinforcenent, electrical
conduction, el ectrical resistance, and so on. The material may further

have ot her qualy it i 86 i fusi fite

retardant or f iler'% “gtz%ne}heer%ér%? ee"?ﬁﬂpﬁ’e %%%%TBﬁX %J%EB}';‘ Eé!)ﬂs‘% g?%;re&' isn%ot

substrate sta%mecgssarydonthe warking of the inventiop in@ll embodiments, as is the case
with the prior art technology described above.

The substrate may be selected from a wide range of materials, including
without limitation woven and nonwoven materials, membranes and materials
made from cellulose or organic fibres. ’

- 30 Optionally, metal or conductive or other material may be incorporated in some
or all of the substrate. The substrate may be a collage of pieces. If the
substrate is made from a relatively malleable material, such as metal, the
object may be modified after manufacture, by using a hammer, for example.
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as an aerial or incorporate electrical contact points or areas. Some or all
of the material nay act as receiver, transducer, inverter, transponder,
anode, cat hode, etc. I'n one enbodi ment, a stack of substrates may in
effect form YOWBMLal power 30 cell which when activated, BCEAUSHBhce by
the addition of a suitable liquid or grrpl etion of an electrical

circuit, can cause a slow reaction in which ions transfer to or fromthe

outline. As anoferERbRes ofSuititid wb%u%?esmge;gﬁ@g%t% persoh@'sRAlSd i? G ©F -

all of the substrates may conprise or con

| mrersicon of teV@haR’Si n an anmoni um chl ori de bath will result in the 35
formati on of a Leclanche cell. Activation of this cell will result in

el ectron A preferred material is paper, since it is readily available and inéxpensiveénsfer to

af fect the out be
apparent, ot he*r'lbwé %?%%\Wt%ﬂsgﬁgn@h% @%’%319?% S’F ﬁgf)%ﬂlﬁyﬁ @%It%ilH!’de

bat h. Sim | af ipciuding rRkan manﬁa@%@lsefbu taspstruction matesieh raateripk of lattiee

suIbSF1 r ?t gsac g@éﬁﬂmm silicon; chtd&&:rﬁaﬁéds we)&tlggr énd;t?gt Hoard méﬁéeisérg& 9? En :

sul phuri i

par gl lel, if dEQ Bstra‘:te "%\éﬁ@f)ﬁg? gﬁr;ar,ﬁ‘no&eggﬁ d'f‘a%ﬁﬁﬁrﬁﬁfﬁ@eﬂ?mgﬁlbst rate
corrponent S naywatllerctha/s;Jt;stratef meybe roulti-layerdéd, lﬁa‘texanyple;toa:ompnmtaar chip. In
ei ther case, tjfin4teA rRhteRsl opﬂdff%ﬁif%h’lﬂ‘f«{i&rp}té&bﬁﬁﬁtidp@%mﬁpht fect the

d t of t t
o Ukl y. t oiohahe PHRRERLBITAY optie Taijoss vk sreas otaierent eaegsregtanﬁs'h%vg%?e' >

obj ect to be fsoﬁmlprmtmgupltﬁsubstraté reagtsdifferentlys idepleadingrdridcator on t he
reaction need gRigliRtstoW it can be a fast - one, for exanple.

Further, it is an option that ions can transfer fromone |ocation or
conponent in Hbstrate to ot.her | ocation gor conmpaonent. 15 Further,

a | anminated or ThESHPStteaLhe SJ%N?SRB‘}'OP§§@P? 'f‘cW"H?"hc%%ﬁ therprinting

Di fferent piecamterial mashe addiumazincdead, meneani dribisiogican@oiicules. char ge, so
t hat the stack can forma capacitor, a battery or circuit (even a

conpl ex ci rC’rH iths also dHniérﬁﬂSleHd tﬁé‘%}@ﬁ&mﬁé‘ﬁw&%&dﬁ&a@l %@&a‘i?ﬁé]%rﬁwat

posi tive or é&l ve g_p g@ i eces
material i ncI u "Qrﬁ“?tﬁﬂal avRe insgited botwean %—!bét!'@'ﬁeisdléla stack Byrcanolling: ¢ he
stack may i ncl thiedépusition of mamgpna!enalcﬁmneessawlbptxse of fnsulating Meatefiali ng of

or 1 tem of O"Q‘.eﬁ%r"fé@ aﬁ“&smﬂﬁﬁ“?ibﬁ%@‘ g Z?yiﬁﬁﬂﬁéggoﬁggggr of
phot osensi t i ve Sbstrates may ke weakengd at the eutling If@eW|§@V otvirgrall si on on a

carrier. As zo matédullexdepahephatsd obiect. this concept, different layers in
the stack may react differently to Iight Intensity or frequency, which

can result i 0 GL'est Gfihe SLb8RS, oriFAGALN AUn8Bb RS Wok el be mERRREP! "

be used to bi
st ack corrponenf‘évmﬂft %GP@deP Rr%d%mﬁglalt'an.eremforsamegt electrical canduatiane or 30

conponent s can eleetivab redikianda) and so®AN THE hatérial #idy ﬂﬂhét RaRd dﬁe?’&uéﬁﬁﬁﬁade or
remain unaffecad URASL PR bS hdbieCHAG bh' iR retam%ni DR SeBRILIERES th
25 material in the substrate or the substrate stack, or the printing itself, may act
as an aerial or incorporate electrical contact points or areas. Some or all of the
material may act as receiver, transducer, inverter, transponder, anode,
cathode, etc.

In one embodiment, a stack of substrates may in effect form a chemical power
30 cell which when activated, for instance by the addition of a suitable liquid or

completion of an electrical circuit, can cause a slow reaction in which ions

transfer to or from the outline. As an example, the outline may be printed of

carbon, some or all of the substrates may comprise or contain magnesium

dioxide. Immersion of the stack in an ammonium chioride bath will result in the
35 formation of a Leclanche cell. Activation of this cell will result in electron
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6 printing can be carried out by suitably directed |ight, including

| i ght generated by a | aser. It is within the scope of this invention
t hat one or t he substrates, but not necessarily all the '

substrates (includrng the option of the printed |ayer), 5 nBGTREIT?Y down
by spraying, dusting or wvacuum depositionsor ot her suitable met hods. The
substrate nmay itself be laid down as part of the printing step. Furt her,

thg tSUtht rate tmsfeemgfé@tﬁhéiolhﬂipé anll vwéafn‘énl the shﬁétrﬂtéé@?:t)ﬁe outlineg.hf\s will = -
substrate pieges or i yidual .l ayers.of su rate e varl oysl

col oured, to &ggp&#pﬂﬁ%ﬁ?ﬁ@uﬁqn ‘F‘ﬁ!Pﬁ%ﬁ?&Bﬁﬁﬁﬂ'ﬁéﬂW@emc l'aleexarrpl e,
10 when t he siath.r Similarly, irematlineamdy derafcoppen, forseNasple; with tise sssstiratéshe

| ayers of i i ' RIvRSE I : i cul ar
depth in rel aﬁ%@f‘ﬂdﬁmﬁ&?gﬁ?ﬁ@@é ] ré?‘&”?d(;“@@q?e;r rred,égg'ﬁg%i%hac#f%e@g% "“col our
or colours for_all or so of he renmai ning depth, This may assist in

| ocating a pﬁrﬁq"fﬁjl%ps ”Ftﬁ BQPF&?%QCHE serieg o #t paradel, Heesiradng duri ng

post - production, for exanple. 15 A surface of each substrate piece, or
part thereof, Alteynatelyyarstanksifsubstrates ed substeatecemponentssmay@ffeotiaty t 0

assi st machi ni I i abj ; o) assi st

i dentificati onf,aﬁ? grd, %gﬁgﬁ@(yr a%&é’ﬁ ué%ﬂ?ﬂé'r in\?%ﬁegg?lﬁ %%,t?%sﬁégb%ﬁfctof t he
substrate to p¥e3keningRitae Qutling, enipay sffectthe depesit BE penting-matrrial opde as
green, while tduiineaThisoformiof theinséntiines ikelyto We slowaiclg, Witieay'by be

another col QUre; : ' i S di st nction

bet ween theﬁﬁ%ﬁ%@%ﬁ%%ﬁﬁ%@&gﬁ%@@ﬁ%} ?éc\ﬁg f%%érﬁ?%@ﬁni que may be
used to provide a visual  dist an_tion between different parts of an object
or between di fipa@netherqgimiiat embodimentdhe reagtionnesd-potibecsiowsi cpnibeta fagt by
hand, pai nti ngong, fdr exabpke.h, injection into 25 the substrate by a syringe,
offset printing and all other useful forms of printing. However, the

printing step g i { Lt M

D int i ng oy HeTeHER APbRior AR oh@Cph yaBter Mo bhe thoaliBh of cofttBBun
also within th%s'ib%'ﬁéeﬁﬁa? her iogqtian errerepeReNty i nti ng nay be achi eved by
usi-ng t he copypress process, such as that marketed by the OCE

or gani sat i orts Further.3®lasninatedrorwayitiicompoaentsulsstatd mayritselfdoem a batteAs i S
known, in xerography, poor electrical conductors, such as sel enium

whi ch can absomﬁeier&btec@_a%gubét%t@h}a?%aar,ﬁabbemeanébr@ve"\élﬂ? 8, sthhpge 1S
applied, are ut%ed as an {pnsul at | ngo er.‘on a ,PI at e. 'S pergn t's an
exposur e of Eﬁtqqifeﬁfé‘ B GLapagior, sinatteppgecirauit{guen aiconmniex gijcuitdyr i nki i ng
over the Different parts of the outline may aiso carry a positive or negative charggposed

pl ate a toner conprising a special charged powder which carries an

One or more pieces of substrate, or material included in the stack, may have
20 electrical contact points; the stack may include facility for power connection or
for transmitting of energy.

One or more pieces of substrate may act as a cationic membrane or itemn of
similar use.

The stack of substrates may be composed of photosensitive film or paper or,

25 for example, photographic emulsion on a carrier. As a further development of
this concept, different layers in the stack may react differently to light intensity
or frequency, which can result in different effects, depending on the aim. This
concept can be used to bind the stack, or to bind parts of the stack, or to bind
stack components, if some of the substrate or parts of the substrate or

30 components can become adhesive or can melt or set or dissolve or degrade or
remain unaffected under particular conditions. In these embodiments, the
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opposite charge to the initial charge applied to the plate and insul ating
| ayer. The powder adheres to those areas which have retained their

charge. A RLi | s obtained by covering the plate with paper and then
appl yi ng a%h%@’@s%f the 5 same polarity over the back of ?‘E’é‘%@@?"as t he

initial charge applied to the photoconguctive insulating layer. In this
way, the opposite charged powders are Pransferred to the paper surface.

The powder i | : . r by exposyre . to solvent- -
vapour or hegw é%iQS?HW@?%%W%ESE%&@@W%'Péga‘ngg'gﬁﬁgeg?fﬁgfat e.
10 Thé toner bp@iaser-nay contain a thernosetting plasticisable el enent as
wel | as particles which are magnetic or electrically conductive. It is

brosent .t hose oS oo T} s INenLOT afkt o ef IS U NSRBI, T 1 e
scope of theﬁ§$@€“ee§§58§' %I%tge%h'sﬁﬁ?cﬂeﬁﬁmgﬁgingt‘hﬁ °}9§?’t’ PEF%erEeQ%Weélvai ned on
the substr & aydekid dowhibwapaying,rystinhg on vasuurs depositian of bthepsuitabie.

| ndeed, it ' ; Fdafl ' t t nosetting
ol asti ¢i sab{‘g*gfi"%g?ﬁe%‘“?éﬁa% Hiag 1S3 BE 188l Sepat b prfig . e 0. oy
be spr ayeJuUrtgh the substeate ay.comprise adiae of prafiles ferXamplast which wil |
mel t upon exposure to heat and cause the substrates to bond together.

20 It is to Ghesubsttaterpieceser individuahlayersgf substraiemaygbeviadousipd may

repl ace the ' ; ' d : i [OCESS,
bt at 1 ng ¢ hSPISBIEgF b S fidErinthg ooiiehiaing P ine SXigek FRE paBb0"°C: | o
t her noset t {hyhend ?isb‘¥3§t&?ﬂeé5 ORPEE ANd ARurpberpfisiubsiates is usedidhe dayers of e
first. The epapéermaglbecaloumeddh one selectBEsburtoRAPARISHIAFdEBthAR relation

form  the {tlelotiger@ife Rl Rbn R MRl cBBuf BEsoifhra forall ap oot
t he subst the emaipingsirptholRis may, assist imlocating a padicutarposition drithesubst r at e

may be embosgbjbct forinadiiniy difiingPost-pRiduction@brexathggP and a sheet of foil
to transfer rrejtbal ont o thegsubsg%ate and thi s'a+s £ enconpassed by the

printing s e d | : rther s.well as printing an
outline, i ﬁgﬁsmvﬁ%% %fi%@rgsdgggéteq?'e?{gxﬁggs@ﬁféoﬁ m?*B%P{?BB‘IIISrIY 80%!"6“«}4 de

ot her pri nti Q§refraciiveinetoniy teassist maghining esether handiingoof the objdadubititng on
the object. lalsoNoldssistiddntificAiom fefiRstagge.t hat this other printing or
marking is not capable of taking part in the weakening step.

SUBSTI TUTE S : . .

8 The pri n:ilgr%mog%nn%@)gl té’:g %aé( %fép? iSEBSt&}F t?)?eém%??r@é?%ﬂt@eﬁgéﬁ% and
may, for [ rﬂ%ﬂygﬂ% ene¢olauEi suckhag green; while thecparbof the subsiratel wiieh wilbbe

ci rcgi t bogs vaste ﬁdatyﬁts@éﬁ?thﬁr c@pﬁ@tléaél@betréd'l.f‘mi&t tarp %v{&é’é vRUSFL | ]?a' tpat h
may be incor n ohj. e r, stack at an age I n mapufacture or
after manuf a@fs{sﬁgﬁgn Eewe%f?"& cﬂ!ﬁ‘% ﬁ8$ t'a%ﬁaéﬁ? ‘F‘ﬁﬁ"azrﬁﬁq%‘i@e Hghniieef f ect ed,
for exanpl e, May be ueedtalprayide agisvaldistirectiohbetweest different partsiof an object

I ncl udes nag@?bbgﬂéé}pgiﬁepg}ﬁdgg@g_di ng on a magnetic tape substrate by the
recordi ng head nmay alter or stroy the tape at the outline or permt

destruction & tie R dd Nihcided pln%iiﬁé by hang; painting with a brush, injection into
25 the substrate by a syringe, offset printing and all other useful forms of printing.
However, the printing step includes more than traditional printing. For
example, printing may be achieved by bubble jet printing or xerography. It is
also within the scope of this invention that printing may be achieved by using
the copypress process, such as that marketed by the OCE organisation, in a
30 similar way to the xerographic process.

As is known, in xerography, poor electrical conductors, such as selenium,
which can absorb light energy to allow a current to flow when a voltage is
applied, are used as an insulating layer on a plate. This permits an exposure
of_ an image to be made. The image is made visible by sprinkling over the
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If the substrate conprises or includes nmagnetic material, the polarity may
be 10 altered to cause the substrate to bond to a substrate i nmedi ately

above or below it. This can take place with the printing ste so t hat
the first sub¥P9%3Rsq s bonded to the second substrate i nPETASSYIONS t he
outline. A laser, for exanple, may be ugsed to cut the substrate at the
outli ne. As a further option, the out | ne may be set in the substrate

of other i ni | uvpesed BEE Blondr3omiblBB £ eneldd Ena R Hd: WP BaEs B | Or
the substrate. opposnmahgrgerto theyinitiaticharge @pplird ta theplate anddngulating ayer. t he
mterial to be THER de*%*%%'?ﬁw 3 WHikth haRT ARG thertherd8 R bfint | o
carrier balls dﬁ&@ta“%ff b&@"‘@(‘&ﬁﬁﬁgf’aﬁ“’%@ﬁpeﬁ%ﬂiﬁ %ﬁ@%ﬂ“@@é@aﬂﬁ P&k‘et he
car Ir i e (r]I :)al It ﬁscsaméwpoldasﬁ oved the baukt dfithe paper asthesiritiabecHdrye apsiid torthener gy
fohperature. sl en@fﬁfwr?“‘ﬁ@?ﬂ&ﬁ'%??* 3o Hlis, oy f&loribshd EndBelibondichy | .
The carri er balafgt@@ﬁfﬂs@dﬂ@ paper susf age Thegewdecimage)is then fased opiacthed or

di sposed of . dderrl b expbéirerto sEREH \raiamr oPREA t8'maltd theimAgé pafmhaAém My

have i ncorporate t rri.er | s or seleniumparti cI es or the like,
whi ch can be e f‘)geglut tBeﬁ't’E tate. toner particles. The toner particles

may al so be resident in or between sheets of substrate. 30 In sone
convent i onal 1phbieioney payder may centaji a tharmgsettingglasiicisablecelempnt as well

char ged. Exposuae émcr@aavméﬁa% ﬁvé?ﬁ&c%@l&ﬂnéﬁﬂ %hah&ﬂ,ealﬂa@fh%sé@?nfé@s' ge
whi ch t hen perm gg on oft ﬁ e t oner B\?P[S% %ract to the
portions of the¥ f?ot}-:g&rpag%q %l@l‘?g peper PRt theseRaftidest t he
SUBSTI TUTE SHEEEi'e(SEwenm for reuse.

9 I nvention that the printing step i ncI udes the charging of a liquid

: L ?gerenbggfimn?msewﬁg% ea‘:oﬁemr tﬁé‘?l‘cﬁfésé‘bf {HeEinVevtdrRat iﬁ@rpafrtlia%%%pos elsf of
more than oné'®st@RIpEd,PA H ﬁﬁ@?%tﬂjaﬁm iR V%@E?'?'Ba%m’%?%t’?{?e?ﬁtkg quﬁ@e
substrates are Indedddt maydierpossibje touisesthese parictes without thenthetrhosetting t he
prior art: use Esﬁ’mémle E%’n‘léﬂt td fbrﬁﬁhg o%ﬂiﬁ%ssgﬁsélﬁde'ﬁﬂ%hﬁEuﬁsdt?éigs%é;ﬁﬁé’ s

t ed. A
oxaml e, the  SRIBKEGIPLTAERIEWiS IBRmSeRInGR) t WPIHI Wl FreluRan ¢

force or frictiexposase to heattandrcaeseathe substratesdfocsindetofethet.he st ack can be
i ncor por at ed by such 10 neans as thernosensitive sheets interleaved with

th bst t
apgl ;Sgatsl E)ﬁ 0 at anq ftke%:ﬁﬁc\s/ ﬁﬁ%%méfc&ﬁ@ﬁtgélsétﬁgdr{z pg rﬁ%ﬂﬁ%{pﬂb&}peher
t he met hod of b 85“H§‘ P ﬁf? 'E'ttﬂﬁ conngintinpal xe gPD'ctRSO‘éﬂﬁs 6@"'%‘!3[19‘3“@

substrate, but thelseléniumalate. such as the region in  which the obj ect |s to
be formed. 15 The printing step usually involves the deposit of a suitable

vrraalt ler ijg:oegg gne{-\ﬁ andthe? bbAb#, thd HerRidbbitifg PlastibRabR'Gimaht thay BE dHphastd ed

the substrate first. The electrically conductive or magnetic particies or

25 electrostatically charged particles may then be applied to the substrate to form
the required outline. Subsequent application of heat would cause the

substrates to bond together.

As a further example, the substrate may be embossed (such as by using a hot
metal stamp and a sheet of foil to transfer metal onto the substrate) and this is
30 encompassed by the printing step of the invention.

Further, as well as printing an outline, it is within the scope of the present
invention to provide other printing or marking, such as part numbers, etc, or
colouring on the object. it will usually be preferred that this other printing or
marking is not capable of taking part in the weakening step.

SUBSTITUTE SHEET (RULE 26)



I nt ended purpose of the product, and on any nethod of causi ng weakening in

the substrate, and suitable choices will be apparent to one skilled in the
art. Wthout |limtation, the follow ng may be nentioned as exanpl es:
solid, |iquiWO%%®228k| or gaseous material including but notPOWARY@ 0 i nk
or toner which can be activated magnetically, electrically, chemcally
or by sound, light (visible, infra red8and/or ultraviolet), irradiation,

t emperature change, or other energy, . .including mcrowaves, X-rays and -
el ect r omagnet i N&PIHHING Lep “@Yég?‘? gé Pﬁfﬂeﬁé’q(i R electroptalic means apdma der,

col | oi ds, alggria_shheé,,deyimb&misj inaffedi aw eleotrical/pathl ar cilcuitbdanh! yanal i ne,
nononers, plas ; : | ti C: ynes,
protei ns, dopi @%&%?j{%}{’ %,i;ﬁﬁgg%%@cﬁgﬁée_%@aﬁi (’I?i 0 o?la%ﬁ%&aqeeftiéqpp rﬁtggiﬁs,

di el ectric mat@eiGEectPES any glageria MmartiaGrare onarerimanuiagiyreser m t
‘focussi ng of energy), particles or arrays which are photoelectric,

phot 0}/0| taics ltis a'i)rlﬂtm_ﬂibticbﬂl that pkimmgwmqwefmrctqcﬁdbp@cﬁrftamei bﬁafruééfrhﬁfgt _
exanmple is a p r y, | ecification
o5, G0, 202 FeRENEE i ststle CrBE b Iefesnaoingll 1800 TG Focanin.
ani no- subst i t uord magneficiapersubsirajerby the recgiding headineay altgriardestrog theray be
printed on a Sbﬁﬁétdt@ié’o@ﬂin%ﬁE@ﬁﬁi?ﬂéstrucﬁéh'ait,ﬂ'ﬂaoétﬁﬁe hastu.ﬁapgt?gb.s anot her

exanpl e. As an exanple, the Ink may consist or contain quartz

crystal s or otpherw .se nable cr ls. receptive.t.o transgi-ssions, such
‘as fm amor uP?‘?eﬁ%%?%wmgﬁ%ﬁé'}mébgﬁ Q}?@ngg %"?lnwerfﬁﬁa'ﬁ&@éaynl??t ures
of crystal s, 1altered o sausshthesubstrate to bond to a substrate immediately above or

10  be quartzpejgidt, SPHIE cBh 2AREHIAES With tRE pARKHPstap, B9 thETHhe first QlibdtRstb 3oice.
In this case \/\@Féfts Br Vi br@tlo‘e}qs can, cause, el ec.rlcgld di scharge trom an
outline to aRBReREtodNe serend subsite Nying With Hie outline.s fylaserafas exEmple,

i nstance. The nrlayderused to cutithersubstrateatthedatinenergy to alter the outline.
5 As a devel opnent of this idea, the outline nay be "seeded" with suitable

crystals, suchags fifRé# dptioh) thesoifitid Aaf HePstitd tHe SuBsit@bY hhfedtdcdiover ed
into a bat h of suijable cgst.%&’rowl ng sol ut|3n,. ﬁﬁ%} f}ﬁt Ilﬂe outline
grows and e SHERRL fof example. Withsubsequert axpasure e lighterpther flugsctm e, as
to tenper at ucapabiel optseiting” dhe ouljine er thegremainder af@hd\substratber exanpl e, the
ink or print material may include iron in the first i nstance and the

magnetic of C_Ofl'ﬂé(bﬁ'ihtlﬁ? Bh@ Wiakbfing Stefd bitheProdess of iRlehtion mayehsied €d
areas by form ng agkal o¥ T{he oultl | n% ma%a Colnfrhft OI a %I'Hgl e atom or
line of .atons, USP OLKAGW PROtoGPRY. tRchNClogy, Fpr grample, i materal s can have
i nport ant ram tepesitedrduring thé grifiting stepfmaybinchidermagmgtic: garder balls made,foce.
The outline PRoh.f 4 \ L ar an

el ect rocondugﬁé\)fgfﬁg{eggt I C. Kﬁ%@?ﬁ’g dg?bgiﬁgtné;‘é%@ﬁggﬂesf@r%&%ﬁegh S
doped by i O&Pﬁ'é and/ or other suitable inpurities. The outline may
conprise the material, or the material nmay be used as a nol ecul ar sieve,
so that renovalSubse@@Entlycheattoreinergy applied lte thesithstrate mMaybesapableofil es or

atons of the i id d 4 'lébékﬁﬁ&? Y o) mnﬁ

outline. T%ﬁ)ﬁ 1@?{%&2 aatﬁﬁ@% aetéf gr ne E’om alt(r;rgtegerl ahfe%t{ygﬁgfesata
conductor. | n thRouting, Ihec "ﬁr%ﬁg?ﬁ%& B JReAYerethi&:9:» MadngReRIM @ odi ne or
ot her i nmpuri 25 escycled ordisposed dfie under st ood t hat iodine together w th other
i mpurities may formthe doping 25 agent.

In a further embodiment, some or all of a substrate may have incorporated in it
carrier balls or selenium particles or the like, which can be energised to attract
toner particles. The toner particles may also be resident in or between sheets
of substrate. ' |

30 in some conventional photocopying or laser printing processes, the paper is
charged. Exposure to the image to be copied or printed alters the charge
which then permits deposition of toner, the toner being attracted to the
portions of the paper subject to the charge. It is within the scope of the
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The outline may be forned by any suitabl e neans, including by hand or using
a conputer. Several different nethods of form ng the outline are di scussed

her ei n. The outline may al so be formed by such techni ques as

el ectrol essWRBRH or 30 displacenent plating. The outli nECRAFIHO™for ked
by those techni ques. Further, the outl jne may be forned or worked by
such techni ques as el ectroplating, netdl plating or ion plating.

11 It will j ¥ @%et% ; L Lo | fon - -
greatly inpr o?ﬁlgﬁw gﬁtﬁgsﬁb@s@pﬁnﬁgc ni %u@fgrélggr?geaqlﬁﬁ_ﬂc?{&g% e the
producti on of aE?'@HGB@“EEICh rapghthe autine.dreribe pHeRases ) this embodimend. or
printers, for texsulstete itsélf afagrbliquid.t hese are guided by a conputer, so
that the conputer instructs the 5 deposit of each desired cross-sectional

ut! i . o furth
outline on eaheliy Pl ok et BB AER s grarofo B Gl
liquid. A suftiibsiiates argberdadtogethes by isulablemeanss induding:thoseof thex,
t oner or dcmbrlartmwobf a het idﬂéﬁtdm!nélt aalragg\efe Mthp:g@cﬁ féeslﬁlg{erétegé c%’él%dl i quid
| I ns, | . | SS X . u
substrates may egtﬁ rn%%‘%fggg%gr'ﬁé%'Pg °?%889'5'9 h2y be f“ﬁﬁg' Asn Bifamgfﬂv e further
devel opnent ofsubsirateipieces may bellissinddogethay by elestrostatia faroelor friction. As qui d
and print ey dhguipRRAITICRS diddndshe il Ri8cRtar BE ihdbbdtedbiPsidyer of

| iquid bearing the deposited print nay. then be transported, 1 anically or
1:5qg: ectri clépl aNS s @’P???BP%"%‘%? %!‘Q%%HF?'&?VGE “ﬂthstlh?fg’fé’.bsﬁﬁes"'%esaﬂgﬁ ogoﬁs
to tBe I Oij skermosiensitivg sheetsausltingupon thé epplivation of hbbﬁartcﬁmmi?ély! i qui df
e al r eadyyindi ipg, i
oot opr 1 at o, g g 188k Rpektie. Ffaer, i ﬁ{eﬁﬁéﬁéﬂﬁ%ﬁ%ﬁc@éﬁﬂbpt‘ﬁd
print may causPPIe all fipashiRiece otsihstrgte, hut only te party guch asthegsgionrial | v,

the |iquid apashich thenobjoet idepbeiftiesed?0 outline may be repelled or renoved,
| eaving the printed outline. I n anot her rel ated enbodi nent, an i nk may

avl e . i d . (rnk
sheet or | a'y‘érar”%?ﬁ"s”l}@g Siop LSGgly AYoides theAEhIR AR B Sunabfe Aferial el 7 19
the same step Swosiratey f"ﬁr"ﬁ%’? of the material o, be sleppsiteg wilkdepgrd opithee by t he
m ﬁi nlg OI h_t he ihuehdgii pébgidxe o%ﬂtue iptoduct, hd2sn agpéiﬁeggdd Qﬂcaifsirfy\ﬁéﬂéén][iﬁq Fnhte
Ink. Inthis ,rtﬁ?% tratdCahd Suitdble ahbi gg(@ 5&58par f’oro ei’@'} B1k& %.ys or

i nand st CERWALE £ fo.ons niige
o preparatory A RDSSVES IR S Pt o PReE
811 L1 oot P 4N el bl <255,
W nown O, | | 1S I.ev .
Mover oM Rk HhaandeRs diEaREyS hamicBie Sy Safid WGHEKisHle JgfRt " Che
substrate at red@nd/aswitravielet); iradiationatereparatuie change, fdretherteneygyes of

d i ted mat gptiabingAsi i ' ted
oot "o RngiRrovet XA oSl TS g

i cul ar I nt énsi t S a ) .
anot her type dF ?%rmpquhﬁglbé aghtegates, polymers inc udingpalypPYTRIE SHEET

(RULE 26) 25 and polyanaline, monomers, plastic, metal, alloys, ceramic, magnetic particles,
enzymes, proteins, doping agents, organic material, biological material, resins,
dielectric material, metalised ink, reflective ink (which may permit focussing of
energy), particles or arrays which are photoelectric, photovoltaic,
photoemitting, luminescent or radioactive. A further example is a pyroelectric

30 polymer described in US Patent Specification No. 5,604,292 (Stenger-Smith).
Yet a further example is a conjugated amino-substituted phenylamine polymer.
Super-cooled helium which may be pririted on a substrate of mesoporous

- silica, for instance, is another example.

As an example, the ink may consist or contain of quartz crystals or otherwise .
35 tunable crystals, receptive to transmissions, such as fm, am or ultrasound or
~other frequencies. The ink may have mixtures of crystals, some of which may
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12 substrate may be affected by a substantially stronger field or a
different type of - energy. The strength of the fields or energy applied
will determne the |ines at whi ch weakeni ng occurs. It is to be
under st ood tH2P¥2% erent substrates and their respectivECHHPTHIZY
(defining the object or dicing waste matejpal) in a 5 stack may be affected
or worked by different energies and nodes of delivery. The nature of the
printing materpahgakRandsontd Merbddlsctrib eerpviespl polyhides SofmBtanceN i thike -
cells, incl Udl% f oet al ce.b % m tochondrl a, . Dm Vi ru§es bacherl a, other
l'iving organis e( g_adt_as %Ij' 3 E’,"SFEBSFI8§??‘*EHI°8 '§8W9? IHII‘?B“H B8d0cel I s _
whi ch can r eacanathethouttine bt frord anadutline topa substrate, foc instaneac (Thei eléctocal or
ot her 10 synbi gk} [ VAT er to weaken or destroy the
y &%ﬁl@ar@ﬁﬂ’r&n&% éﬁbraﬁq é\?géﬂ‘thé%gﬁ s y

substrate at I ne. As e readily appreciated, sone of these
may be capabl e, of usi ng the substrate qr the outlin s food r a col ony
1o b or ad.5 A8 ateyblomgent O ik B, Meudlin oy e “sefded ik SitabRs out 1 i ne.
The printing netystalssisushgsigaasz .k The isobsteatervontainihg theoatline igleneretiato a f or
15 exanpl e. Whgput ' tcin' fbg? ' | I | y be
deposi t ed oﬁgt(!)‘r‘;}i%rlilfl éblge u l% %\b?ﬁl%@nﬁ Emétg%engpﬁggg??‘ﬁéeég%st rate or
printing on a weakemsthegubstrate. Arsuitable gryiranment (iof exampte, @8doi nvention, it

i S not necessatamparafiire ahd Plestufs)may beiréqdired. t he substrate. For exanpl e,
it may be feasible to print only on every 20 second piece of substrate, or

even |less fr I I te | | . o not be
necessary towg)?klgn oghrgeree%ﬁ\yﬁfgiép'ﬁ qgtd%%éeﬁ%g‘ca slls‘céamaéﬁgnt‘ﬁ)E S tan outline

of sufficient instanceandthedagnetie ofcardustivg propeftiesiotinis way be ohenges in

unprinted pi ecgglected 4réa§ by frafnd an alloy. In connection with the binding of
substrates in the process of the invention, it is 25 to be understood that

ol cct rost at | o MBRQAIRE Ha7 oI bl it BRSAEE br Bms. of B dndl migghe's ©

exanpl e. Tieelimg afimelecylesp Thiscapdaygrimpedant remificatipas by therfield oft he
printing steps nliGtocompiitrs, foninstaRGesubstrate may be printed, bound and then
further printed or 30 treated. The bi ndi ng step includes joining

e 2 e P har el Pap 58 Tofih frfin't Aidterial SiPAS 8'sBiddhdbetdr'o? BhVe! 9N

manner, so that .

13 The bi ndi @lgctoepndigfive plastierAr example efithig is pelyaeetyiespavhichisidepedr
bo?fli ng, in \uy!i@dlngtah,a{dr@trﬁsmItéme\mbyﬁm. Iraéeﬁﬁumg rﬁ@f&?iﬂbﬁ% tHe a Chﬁsgn
pattern are RL 1N ’ | , . exa e . Pplatl 0 a cathode.
The orinting stuShsicolinelngtndthay BEuskd a5 S Alfpeliarieqte bt remdraiet o
seepi ng t hr o@glthe matgial from thecuibsiratedeaves molaculestanatoms of the imiperitieposi t ed

material m gr atgiir SubsRifdEs, wHiBE tHERSOHHSS o@flinB0l €s by capillary action,
magnetic attraction or repul sion,

The outline may also be formed from a material which is a conductor. In the

example of polyacetylene which is doped by icdine or other impurities, it is to

be understood that iodine together with other impurities may form the doping
~ 25 agent. |

The outline may be formed by any suitable means, including by hand or using
a computer. Several different methods of forming the outline are discussed
herein.

The outline may also be formed by such techniques as electroless plating or

30 displacement plating. The outline may be worked by those techniques.
Further, the outline may be formed or worked by such techniques as
electroplating, metal plating or ion plating.
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electric attraction or repulsion, gravity or electrostriction. It may be
possible to ef fect stepped electrical connection of substrates in a stack
by this neans t hough it nay not be necessary that each of the
substrates B %%?Fgct ed to 10 the others electrically. A tﬁ?’@é“%?ﬂ%& onal
object or, alternatively, the waste magerial, may be "turned on" |ayer
by | ayer in thi s enbodi nent. In order to separate the desired

t hr ee- di mensi ttwall bel@pprecidted that thee processiofiihegpresentdmventioh gréatlysimipsbves-e, -

th -
e ectric ourr Sihe prioatt BefiictBs, Sh6 FEaTEndBl 106 plouuctigh B BRIIES BY . 1
cross- sect i on3PPAAIUS SHEN ASPhRIPEARYING MrehiRes Ar Prrtate fRneXample: i on or usi ng
a  capacit oPréferaty, Qhedy@bg‘d@ﬂ@&»a«@h%e’tg@a tttf‘atﬁiwbcbrﬁﬁute?ﬁstl%wfﬁb {ee tand
can ener Ine to cause.the subs eto
weaken ?f or ?tdsgég%fé:d&b%? ngsﬁ'fﬁ;se‘%ﬁg?% h[’ﬁeﬁ"}, C'W@’s a??l@ ﬁt&F%P to
be heated is substates. or non-conductor, use of di ecI ectric heating |n a
capacitor field nay be nore 20 approprlate It is to be further understood
L hath Htg ogtn st% ﬁia(heIoopt@:ﬁfqllet:rfﬂékdnrga\t\lln ofeagl; t%ﬁsﬁra’té nt?a)Péditﬁ fidePE lt%fﬁrlrlg%iglrnﬁgt ric.
i u |
beg hegt ed 'FW a&ﬂ%%& tt“ﬁé“%?’tisfeﬁtu?’m@?%?ﬁag% may eBP?'&t!’ﬁ‘dtQﬂ?trPTne)
with the eniep@g ageph|forekavaple uonto or bita the céll onthe digaid ibeantgingssighilaat as
the materialg %aﬁ@&dﬂ:ﬁ@ prdé@@i 'fBﬂe*aﬁ'Bﬂ)lecglubﬁ Psgbgtrét‘ég Hééf @é‘goﬁ&&i’ g@frofé XE
and may be carrie rea nthe

the place to b treat out at spee

case of diecl &FFPUYBating, the generation of heat throughout t he
material is uniform so far as the nateri al itself is honpbgeneous.
Exanpl es of pByrwanef fusther develapment ofthis ideas the subistratomayoenipriseenpesict i on

with S0 high fof fauiany d?mahtagq:eadépdsﬂééo th@ré%\‘fécéaﬂﬁ%' R TR By "

pl asti cs. ate is

i S
subst ant i aI I y I'F‘Wgrbteaﬁgg ttgq]ggpdsﬂegtq{@t gyt %LP(S‘FT‘“%POVF#% mechanical¥ er heat to
t he pri nt ed 15 eiddtnicallyj for exmmpleatoea locationidh iacstack. Tissls anaidyous tb ige out | i ne

wi t hout bur ni t he
substrate can%geé{vgniﬁ@d or R%r?b%‘r“oagv l%)ﬂér%ggﬁ SEIF%J)EQ&%Y@?% desired
t hr ee- di mensi derACGHN dhe stack b ﬁ%ﬁﬂ’éﬁngs FEF‘“‘!"&S tfrﬂppmr@te the staak LOvI

net hod usi ng améyabelnwered into the liquid. The deposited print may cause the h uxd to 14

As exanpl es of e ! of t he
I nvention, el é:c %ét%t tﬁ&b&tﬁﬁé O%)ﬂo@lx?ﬁﬁ%qgugioééﬁﬁﬁ{)bﬂbpé d al so be
menti oned, &% QH@!"P rgay B?@i%ﬁﬁ@ & remeyeshigaving Wsdrrinted eutlinext ur es,

photodegradable phot o- conbusti ve, el ectroconbustive, soldering, electro- 5

sol dering, el detnothentelated@mipdiment ah inicmap eoibirkawith WcHich of the liquid

Clectri cal or nduause b Spl, udBHnif'Fiheks obhvel of iksile “Tné Sl
out in other fingd biyihe inkip dheysamersian orip.a furthesstepsuch as a maski ng
stencil, may be used to mask what is not 10 to be exposed to subsequent

energy. |n thiTheesettingj carmtake iplezechynthe enixing T the inkowith BeMglifteorosy | i ne or the

unexposed a be or .include a
i ght setti ?gaﬁ’g atfoﬂ&ﬁ‘ ehﬁ@ﬁg?h%nﬂ&ofﬂm%@aﬁég@g ik ﬁ'a% 8s§e‘fqt?m§t ¥esin
may be used. RRYP%)FW&@I@’P%@#PW&QMH the glteging precess.possi bl e to use

el ectrostriction. The printing step may invol ve exposure of the 15

substrate sevaVbéretd mgramla@];pparam‘s izemployedsthe utlirRahayp be$f6|\fﬁ>écﬁb o
occasl on o) of .t trate
to dtsf f ef ent Epéé‘tmﬁipe&%shﬁi% df*k?r CII’ht W@?@ ﬁ% ?4{@%@ S 'ﬁttﬂ?eegéj%es

known photocopiers. Where feasible, this can be achieved on a micro
30 level.

Further, this invention contemplates selective weakening of the substrate at
the outline, for instance by using different types of deposited material. As an
example, one type of material may be affected by a field of a particutar
intensity, such as 150,000 Hz, whereas another type of material on the same
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Optionally, substrates and stack conponents may be masked. In addition, a
mask may act like a filter or shield against one type of energy, or

frequency o A mask may be a good conductor or
exposure of{mf?g'zwunderl ying material to light of a di ffe?éﬁ@”?%z{fency or
energy, such as infrared or ultraviol ep, or x-rays, for exanple. A mask

may be | ead based and provide shi el ding so that unshiel ded surfaces of
t he substr at esubstratecmdy beraffeeted bya substantially strorger fietdogra differsnt kypeagf he -

permanent or SrigY. aﬂee tré%g@i’?él‘gf?ﬂ’%ﬁ?ap&néﬁﬁ%gbﬁe&@l‘@{t&h%e%% ﬁné‘é"a{ 'ng. A

mask may ins
substrate. |twhigh mﬁ%@mgmyrsmltés ﬁ%bﬂwdafﬁﬁ%q(théﬁ dlﬁ%?ﬂteﬂl@!"tfateﬁ@ﬁﬂer m t

angl ed cuts ctheirhespudiios oatlines (ééiﬂnuﬁg(ﬁ'l@d) ecttd?dwn GwastPmatdHahan @ut s by

ot acti v 1 &rook MY SR SbciatSe ol Etren ehSRHe 0%35%8139‘98%2@65&%% my 30

have a variation in thickness fromone place to another. This can be useful

in cont r ol Thegalusg ef theeriindinormyaterials.aan beyvenivide uFer axampledhese panduce
pat t er ned ‘nbmuéfaeas, |hélu§|ﬁ9ffééfal eénswhiuiach&@dﬁaew;ﬂ' ViRis8$ SPackérid, ther

, truct f t te |ight
Dt eur 11 ci ont Mg reBRS (5. magais.feprBen. chubmasoies, Whits oot ptlsnt act °

| aser. 35 Thwhqch@aesreactfwnmneqobleednells rsperrhiwhich camw reaet withavarorghedt ong
the outlingg fﬁnblotlc i¥Svnithl &h wBriCtogater tWelken BAYESTLY Re'shBsttateWte or15

conposition o
the substr at eth® 9‘55‘”%)@&1‘&5’"@3 repdihARRreciatag. some ofithese mayhe ¢apablg af o a

brittle forusingihé subtsimte osthe cutihe as foatifor @. coldry todseormeakiairaer toas
used herein WEQE F‘ééﬁ?o %:h‘a'bbﬁ‘ tétgp%gwlg%ense. This invention is

not limted to enlng esu above the 5 stack, as is the
case with the EI’IOI’ art quls stem For exanple, it nay be possible to
cause the weakB®PAGtiRg Batenal adiling agent| éﬂoﬂﬁéngf’égﬁne ghear, farr om sone

| otcat i oln omg brarhplecWhien the printing tnaatisrial is DNXS, fer éxﬁrhﬁerlt AR edeFitited! hg
ri rin n an
ol TR e bBRSH el SEcdiforses VR Wh6usl o Pl BR L, 220

to attract depdesttd® netal or other substance, for i nstance. As
el ectrolysis proceeds, the outline grows and the substrate is weakened

?L thebogt I It NFo performithe prodess o tig: Inventid, ¢ds nofl hecessaneplprint on evepakeni ng
e substrate | wi ng"

on the out | | nBeee o e tiafe T RRIG bl B bEBIE B Bhy o o o
the substr a2%SegRNdpieee ﬁﬁs@%trat%@n evga/less frequantiyalf a subsiratstinamuliubst ance,
for exanple. \dyered:litanhy abyise AebERPP USpitbnaVery izifer. IBmay b@tﬁécé%@@ to the
subst ance. | ThiP 48 E@ﬁﬁﬂ‘f&%ﬁﬁﬁ%ﬁﬁ%#y&% i r@%%%%%é‘awm Or br eaki ng
of rock by |nnaarbugmnna drpjeces. in this eoblodimentng t he substrate and the 20
printing representing the tree roots. The cross-sectional outline,

whi ch may, of {reeshrisetion WithitHe birding oPsubistiatds 'ﬂ&he pm¢é§§ld@ﬂ+é\&veﬁﬂ‘m+ s

" Che s hokd B B8 ufteRRldfinal i ebly Bl iR TBEA S8 eBagemagt e 1 0o
in which casemeli@s\mmé@\bmgﬂqmm:atggc farge.cqlectenahemicahferse hgluedndZbictidn, t he

substrate. forExanfpé.| i ne need not be continuous; it is within the scope
of the invention that the outline is conprised of dots or dashes, for

| nstance. Opt i'rﬂ@%irjl&fng E@% rRH)t' bbrried out before or after the printing step. In

addition, the substrate may be printed, bound and then further printed or
30 treated.

The binding step includes joining substrates at selected places and joining
substrates in a "lightweight" manner, so that they may be detached.
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may be formed fromparticles, including atons or nol ecul es or parts of

t hese, of nmetal or other suitable material which may be attracted to the
desired 30 outline (e.g., cathode or anode) fornmed by el ectroconductive
plastic or Hh$8/22250 mpterial or materials which can hol d aPEHAPH&0 o,

I nstance. It is wthin the scope of tRigs invention to use conpounds or
el ements which can mgrate to the desired outline under electric,
nmagneti c, Chefl'héi‘iind?ﬁ Bélbamedldiitbsiﬁg(mﬂ)ugh-hole plating or bonding, in -

ERERETRT o ot b b i e

substrate hav png‘(ed withi &e outiine dfop exaplerbyr pisting tena eathode: Eheipristing ‘o‘fﬁpt hi s
way, the obj eghn@Bihdie themdﬁq:ﬁgl step by, tabafepagnétﬁﬁﬁt ! sebping thlodgh e

t | t th t
Tn'the | ayer& agpHuAs ks e siapk, or B lepoeled oy .rﬁ&a&aﬁa@rﬁﬁh the

t hrowi ng powetthe apéméreslonholes uyrcmpnlasy action|, magnetio atteacmdmrsemﬂdon,hat t he

seees o Mo E U SRR il it A RARS

surf ace. erneapl e so’as

exanpl e, a 10 effegbstepped elestricakennnegt otﬁdaswamelnuaqgagkbytmémyrﬁffect ed
by gas- 30rne aIthSﬁQﬁ’R'rﬁéPﬁoﬂfs ﬁéﬁe%t qnatteéla%hlalthe snsé@ela%eldtmﬁectteh@fﬁn;s
conpounds, col n out | i ne r e e stack o
cobbtrates dayneotars sidsticaly & fosdk Slmetitionsl oisel b6 Hghiaiven, e

weakeni ng of tmaenat maycbertiyrnied opd tayee by dayer imthis pmbpdtmeratr substrate after
15 that substrate has been bound to the stack. In prior art LOM for

s bound o h'z ordEi t Bepelet ‘*idﬁ%é*;‘%f‘ﬁ%&“‘c‘ﬁ?“sﬁﬁé'c‘iwv??%“WE't oot ed

the sanme way. ofth F‘HB\%?@ 'o‘1a“9 é dsna M\? oﬁj E‘%’%@F? hQH But in

t he same way, tomdum an eleeticicugbptin tbé ogtline; amatdeast tbeml:brttmunuarysafab&
rinting ta !.y@

gutl [ negon bﬁ éﬁg WF%E%?’%%% ?Yeﬂla(ﬁ]d}gﬁe r%ldly%ﬁggéeﬂ[dﬁl S I’lCEd

bound, and so capacntor twc% g J?QHEBEV Y‘E’t‘ﬂ?&mé‘ﬂ Qﬁﬁ’éﬁmalﬁea%q c?’he

outline may begawnaﬂel stiffidlant heatinasachoutlinectoi causa dhexsubstrate tb weaken (foaves or

radi owaves, O%xa‘?@gplgofburnmg)?gth%dmr?es WIF@‘reQRé?ﬁéiéhélttX ﬁehﬁéat%&'[% Db ne

may beforrred tron
substrate, t heOfd’lQﬂ coRdueiay, uee ¢ fidiedlestric hegling ing 69PaGitos fieldenay beme

el ectron beaiy afpropRateontis © fearthéhendersiobd MBatthe outlieaap beGidapiitoor both
t oget her, effeﬁ ¥e¢5¥sbu ni e@qfto? gqul&g gr wor ki ng t he substrate as the
outline is trate Pg ﬁl Bel opnent, using known technol ogy
relating to prlntlng plxels or 30 blinding pixels, the substrate ma be
printed with aHighifTeauency beatingiswell-known. Heat daygleps withinjBednaterialdo

el ectron beam hédted m&ﬁ§|c§semhéfpr6§éht¢ﬁ\fembn the \inkedh b@Wing), witAghe uct i on of
the subst rate gick DG HEELT 56t el o BE bl o) ae oAFEL d AP O €1

substr at es.
PCT/ AU97/ 00 7a84permits. Heating is localised directly and accurately to the place to be treated

Recei ved 19 Febfidaiay BP8&ried out at great speed. In the case of dieclectric heating, the
generation of heat throughout the material is uniform, so far as the material
itself is homogeneous.

Examples of printing material which may be suitable for use in conjunction with
30 high frequency heating are inks or toners containing metals or plastics. It is

preferred, in this embodiment, that the substrate is substantially inert, so that

~ the application of high frequency heat to the printed outline will generate

sufficient heat to bum the outline without burning the remainder of the

substrate. In this way, the substrate can be weakened or burnt through at the
35 outline of the desired three-dimensional object, in a manner similar to the prior

art LOM method using a laser.
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17 In connection with the formation of the outline froma dopi ng agent,
weakeni ng of the substrate nmay occur upon application of the doping
agent or after the application of appropriate energy or other neans to

t he dopi ng ¥§éf#22® doped substrate, or to the undoped EGZIAUIHIOM,e
substrate (if any). 5 Electrostri ctionl)my be nentioned as anot her net hod
of weakeni ng the substrate. It will be recalled that, in order to

facilitate reDygdmplesdf pititsridiBLiRitIe ko b6 R8e@ in thelgHrifg dteorthenal obj ect’
t.0, US | aser to dice

f db I, t L t 1. I t
the paper butloyerion, secbRBNEs X' @niaivinn Piateti patlbieiichoue BB s,
connect i on wi menfidred, asaeiisascdrganic op inesganic compaundser mixtunesnt i ng t he

10 am ? R t , at
excess SUbﬁlﬁdt@&é‘graﬁQBlF?gl‘?deJﬁgmgHtQI?.%ié&%c@ﬁbﬁ?(%, ?61d§h§$,"§e&?é ern, a

the sane tine as , “printing t I ne. )l 1 cat,i sui tabl e
energy in tﬁesql‘g?riﬁ%ie,'eq“@ﬂ"%@ﬂppﬂ,oe gic: phelg ye ﬁ@gtp%"m'ﬁ)f'?the?yﬂn%nl y
weaken the suiatgrial andmatetal wHidh can adtids @lens, suphkaselectrisak arrméagdvestic excess
substrate in &6 %é ons, facilitating renoval of excess substrate at the 15
desired tine, V\ﬁ Ch may be during or after binding and/or stacking.

Prior art LOM technjques typically produce a 300 mm high object over about
t hr ee days Ihe printing. step rae\eaise hatcarmind Wtdﬁéﬁ'@r&faWhgg?fPB?érﬂr e@fventi on,
aL i e?/st i n sfyliews. Aemasklisuehias.a vakking etemell améyp benuedd ¢e miabkwHat dsnetf .

obj ect/s pe | LS. a | ro - ver e
prior art. ﬁo?ﬁe%%?laés}grtg séf?’%%‘[ﬁ"? ﬁﬁ?'%:!o '63@5?5«?@?%%’?%%‘%&%@899& whi ch
the process ofmaytfermihkseuline authetunexppsed-ajsagnay formghejoudineniThe OM net hods
to be used togplHIE Phdy?BdIEr REIRLE adighEétiing Festn.! ATBIMLIRON of £HASRERG Al
manner. Further, severadl printers may, Goo ?r te o proyj.de | ar ge scal e
printed outl i ﬁé’th'P B U%§$§‘%f‘?y&e Y%%-Mﬁ\?@ﬁ‘aaf*i*%gﬁapﬁ?ﬂw ﬁﬂ'éaé'tg% sever al
substrat es (apossibledansetelentiostriction.tihe priniing step mayrinvalviiexpasuniobibeur e

W 1T est abl T RaErad Sbveie) WS, LpREa RRFE AN o Bad TSGRl doaBBRELLD | e
out i ne. may. baih ke upsh firexamels, if qxposwe ) 66 subsirate fogiterertrave f or
exanpl e. Thi slemgtles oldight den adsuit indiffenérteffects. over prior art LOM techni ques,

where the accuracy js dependent on the mninmum cross-section of the
| aser beam tionally, substrates and stack components may be masked, in addition18 !t
is to be undererood ¥ Aot he e YAt Thvent i 0n LS o

t rocess . resent t
imited to  (MRSKIBRY Bt iedhTiler aF shieid againstidng tpe, ot eI < raquengy ohe
possi bl e t o2adighte v maskimaylbe argeddreandlictobyr map ipermi eaposirecfthiec current to
an outline whi Beﬁ}lﬁ{;ﬁ%eﬁai‘t@iiﬁﬁ%&?%iﬁ&%ﬂtﬂiﬂiﬁyw offl 53N 8 Iffaeq Or 1 nk
such as M CR (magnetf.c I mage” character recogni tjon ner, Ich Is
capabl e of ca(‘;‘yﬁﬁd‘cﬁt- eréw?%-iorexemns%nﬁm : %lébe aq basedanapravide of t he
outline, the shisidingise that unshieldadsurfaces bbthecsubstrateshayp pediestroyedhfened at

Lo ng 8 pr nt ORGP Rlys” RSk il bediameREnf SrphlovaBit, IEnBER AL Y
i ons, sini| 26 bedised inicopneatignawitmediting. A mask may insylgte. § isyossibletpdopeope of
the method of 4 miask inte @Rbh@Na sGbsied. Vit ik MerthietPossiBié to use a mask as a shield

to permit angled cuts of the substrate - for example, to permit 45 degree cuts

by a laser but not 90 degree cuts. A mask may be temporary; it may be

effective for a chosen period and then start to break down. The mask may

30 have a variation in thickness from one place to another. This can be useful in

controlling iayer weakening or cutting and could be used to produce patterned

finishes. In connection with the weakening step of the process, in one

embodiment destruction of the outline may generate light of sufficient intensity

to weaken the substrate, much like a contact laser.

35 The process of the present invention involves weakening along the outline. As
a variation, a change can be induced in the nature or composition of some of
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energy to each substrate or outline after printing and/or binding, or to

apply the energy to a stack of substrates or outlines after printing and
bi ndi ng. wo'b Ltion, the energy may be supplied by an netic
coil, or by an oscillating or direct current or by Iightl%ﬁf%’a%g

chem cals, for exanple. In one enbodi mdBt, the print material is

activated by an acce| erator or_simlar .substance, or, by infra-red or

ul tra-viol et |{]h§|ﬁ“. S{’ﬂ{edrfB'E pXampleL Y PoRYRMing game of S, Subsifate F'§°&rt?‘W?%d- wi't h
a material whifommi whiltheoestsmaine elastic.t Tre tepindweatieningas usedridredx posur e
to Iight weake lit O he substrate at the 20 outline.

I n anot her enbglzedr?rﬁe%#é%h%y%ﬁgl fﬂgﬁﬁ% e earthed (or alternately, the
substrate may lﬁﬁisearthed) and, a, current as)npl i ed to weaken the substrate at

“the outline. IRVERLPn i, aetimitec o e g ofiiBe sybsirate framy abeve tered by
one or nore Zbsiatkcamis thé casewith thespror bl OM bystelne FForéxaipldl6 mEpPser at e,
The el act ron oPosupletd pHbsd g WedkaRind 385 1 Bonidtice itn BBl thersegly &7
weakeni ng st epHoBysasee lpcatiefe on dhe interiasiof e stacky burni ng t hrough t he
substrate as the outline is traced. The -substrate may be | ocated inside

L he vacuu][nf envAs enforther dévetopraentethiet matsiiahprinted %lnﬁgérsgbstf?&e%?yﬂﬁé? icle 3fam
avl n Su | ClI . LO | r.e ecC (0] racli n an or
haakosi o 1t FabatTE BF HeteCa€ i BBEe b FatHBaL ARl S afdda r cathiiq fdihg
and ‘weakeni ntp stestrolytie eels soraste aliiactsiepositedmetal oy othisr substancet foer t han
a laser beam instance, As electrolysis procesdd3 e ﬁ%{ﬁﬁ%?’ﬁﬁr aﬁg\igsé% Wdkrate is

P

19 In a further, enbodinent . the outl )
Streams of  cPERKPBRLAUNG e, FNBHRIOTTIAY theeblefldhe FOBCeRATst ot o

be?ri ng aI gr i dweikenipgitheasulzstrate atthesmiirie éncmmtu%ssesmtéﬂini@wesh éfel

sel ectively ex Wﬂ.ﬁp t I-?%j . exposure to the electron
or particle beg% T e}bgl}??ioﬁtelhibgg‘gct u‘s:&?{oé?]knggé?ﬁ't he reaction of the dots to
t he beam cauges, .weakeni f e .. subsirate at the qutline. In a
further enbo?sﬁ ﬁé%fo g? HBE%E?qq%aW sb'gs#"%‘erfﬂﬁy ?P%rrﬂa&gﬁl FRReh gepggitad metal
Weakeni ng of t beothebsubstancerdyr example L Wireragptirolgsis procsedshmddagienal iggent ,

ft th ' ' | t
Fur ther  embod; aceY @8%@&%@2@“}@? RO ool flERLRY mdth o V01

of reacting wi CHeE SHRSIgAEL s ing otthpaullipecambe romparad terthe o

rezult i n conmbbedaking gfr_roembymawgar-ee mﬁhé,itl?éamkstbbti)ﬁ tHeesmistra&a&wlb tHehe g

substrate at the first substance may be printe
70 Biinfit tepRGsanifi 1S #8H 1dots

on a firs he Second substance nmay be printed on

the next 15 piggce of substrate in such a way as to penetrate the second
pi ece and al | o&f‘e CrogteSeqlipae WM Mgy cFfrRoskse, ifduda inggrior puibtiegince.

Dependi ng on t hmludingjcmnplexdtht_eﬁble%;it'tems oasﬂi@mcaadﬁﬁﬁﬁgsh@ufzf@épﬁﬁt?ﬂwtst i on
or an explosio . I er activatl on
a sui tabloe cat QPHP%‘ é%?%fg;’g%g%‘ whild %‘g?ﬁg@@?@gfﬁﬁg?ﬁpﬁglﬁ oﬁieéﬁ'ﬂ of d

l

id ﬁlt

ysS

substrate may HUCKN@SE| iniwhig casehiedvealiening process may operate from each side
25 of the substrate. -

The outline need not be continuous; it is within the scope of the invention that
the outline is comprised of dots or dashes, for instance. Optionally, the outline
may be formed from particles, including atoms or molecules or parts of these,
of metal or other suitable material which may be attracted to the desired

30 outline (e.g., cathode or anode) formed by electroconductive plastic or other
material or materials which can hold a charge, for instance. It is within the
scope of this invention to use compounds or elements which can migrate to
the desired outline under electric, magnetic, chemical or mechanical
influences.
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20 inpregnated wth the second substance, and which causes the conbustion
or expl osion, either on contact or after activation, in a way sufflci ent
to weaken g’%)ilzzgge first piece of substrate at the outline and t

second pi ece” ubstrate in the region of the sane outl?‘ﬁ’é"mm‘m}‘-\
specific exanple of this type of enbodinetd is as follows. The substrate is
a 25 sheet of carbon fibre. The outline is printed in magnesiumin a

non- oxygen or If desitegh gjobirgiprpags thersr fasmedbydba HTQCQS$@f thisdnventione -
out: i ne. me ray htedd an an@ﬂ@mcahodts@&ftﬂln@c]gwmammtdﬁuﬁmt frriaam At thle
outliné. i's o) e n G roma single
sheet of substcﬁg%ggﬁ‘a&%gspg?‘?ﬁ'%ﬁ&fnt}req‘é'[ﬁcgé'mqg aaﬁ?e}?’ﬁ%m nh? sheets
of substr at es.plated ina plainghbathi o1 etber plating) enviranroent| resaltingrineifferegt be | i ght
Sensitive ang dfitets, depeRBINGBrAneirtdistifiad HirRlaldiS of YibitileUPRE iexposur e of
t he outllneto @ﬁ a g&]&w aser be limted to
the outline. ¥ isgful in mpgerating WiHg Rawesdn g)?ﬁapéyégl Pi®aEsSut t he
need for accurate gui dance of the | aser. An accurate |aser guidance
system may al skbiste hesentjerstood dhattie ptaress ofttmkiavention isclases the pantirgen

outline. 20  Various
features may b%”pr?tsruobggg}aeds%rfacfd\/l t echni ques, using the process of t he.

present invent the | am nat obj ect .to be formed may be
"edited", suc %ég%f%éuﬁﬁgégs&’ayﬁ? 9#S BPMPSANG 81 a&rtoé?%rmkﬂ’éﬂmplﬁeans
during " mamaf fhadresaent or ator tuben the weakering step Buing effected by, gag-ismmes,

excayat i ons an‘gle dnaéf %ﬂ@%eﬁﬁ% F’}‘:chfd]rgifbhgdelé&enté 2§P%u§§2 %?llgés and

addi ti on, |nt vention to'
cast add| t i oWéhetPé‘f‘ aytling, Rh@nat@lsedhe ptack of gubstrtes mayie iquidtrate i s

weakened at péreneaibld invauch theosemewagdi nent, the obj ect being forned by
the process of the 10 invention nay be used as a nould or added to with

obj ect ih & Lgﬁ’é@“"nﬁe""‘? Rt Oiting AR e cattd Bliboh B el S sty er™”
spaces in tht ﬂ‘@ §‘}'&?Wée §§5Pﬁ§“\f3§55@f0 thesstaelt. dm peor éftr‘-éﬁd-vfé’dexémpmﬂlatt he
resul ting obj emarkaembycmuews Cormof C%hforméeUBAOéé@ﬂshéélfis bBgaderthe 15 The

| d obj be f h

o s ed-and + Begk %égg'@ oGP SAEGR3R b8, ﬁfﬁ%ﬁéf Hhe S508 v For

i nst ance, partp'@ceéﬂ’ e prasentipventionganibe dutip the spanetway;dn thatanpl e,
expl ode. r06”‘39"*"“““’s“ma“é‘*e%"t%dqg‘ﬁ%?@?‘ﬁ%“ gRfked Biice befu o ! Fn?re
oot d. et nedd SertfBG. Snd WenkenES bEfeGhuting o il Shertet Sibsimi ollows. ag

further devel opnether sheetis advanned: bound; andiseréror of the object may |ncI ude
force lines or weaknesses, so that the explosion wll have a particul ar,

desired  ef f ¥8é energy Jéwaevm@eﬁrtﬁe aaysti%awﬁ%@hﬂé/rr@y'ﬁéal nBarbyuse on
an obj ect nmade

anot her, relat§ JE"%SHG%‘? rﬁdf?éloﬂ @’g '%Eﬂw@‘r?é qrﬁ%@ﬂ?’?&ﬁs f%@F P’ﬁe

| am nated object is formed with a hollow core or other cavity, it is
within the scofiéwsil asfae possibility that the outline may be formed by one or more

25 streams of electrons beamed at the substrate, the outline may be further
worked by these means. The electron beam may perform either the printing or
weakening steps or both together, effectively buming through or working the
substrate as the outline is traced.

In a further development, using known technology relating to printing pixels or

30 blinding pixels, the substrate may be printed with a series of excitable "dots",
which can be excited by an electron beam, for example, which can effect
weakening or destruction of the substrate at the desired outline or which can
enable joining of the substrates.
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i nvention to insert in the hollow core or cavity a fine paf I‘FHSHSHET HAS BEEN"
material and to apply pressure, so that at |east some off the peptaAcEp ate |
material is forced into 30 the object. The purpose of this lney—be—te
strengt hen twesjasect, or to add sonme desired charact er ipgtiraAuU97/00794 | n yet
anot her option, the hollow core or cavity may have inserted therein a

di aphragm or ot her deformabl e cover whi chﬂcan be caused to balloon w thin
SUBSTI TUTE SHEET (RULE 26) - .
21 the corgp %Bﬁéeﬂdnywitwmrfoﬁhaiowgthé%hﬂme f¥m Bro%'iﬁigré‘%%rﬁ‘m%%m& part

or all -of the object to be conpacted. . .In ne, cases e ct
broduced by 1 I U SURSIGAte MayRECHT YoR ABRIiGAPN of MRAGPINg Agent of ek Neerral e
conponent (or applicatidreof appeopriate anbigy driotheryméansiiesthe ddpingtagembbedepeth nal e
conponent or IR : id. It is within the
-scope of thi seél%’?\)\g/géﬁrghﬁ@%crUSEQ%P%%Q%F%%&?QR%WQ' conponent ar ound
the mal e conpanent, .thus nmaking the fenmal e conponent nore dense or solid.
Equal Iy, it PEIRFYOstHctaImay sgdnentiongdas; anptharirasthed of weakening the:onpact any
of the mal e cagubstratd.s within the fenmal e conponents, thus 10 nmaki ng each

such nmal e conponent nore dense or solid. As a further option, mat eri al
in the male coppp ' Sibsath | f , or
vice versa, in or,%@ér}rgygeﬁ,aergggfr‘lm%e mal %g%?%?gg%ghg@gﬁ%%&nt_ The

desired resul to4iRe setothesubsiiateenal e conponents of differing densities.
As anot her nethod of nmaking the object, or certain surfaces of it, nore
solid, 15 |i quitvil berecalled tiptsiatardertofgeilitate mmevahonéxcesy materal dropslai nt o or

onto the ' - Leh) Of : bj ect
more sof i d. faRe-imiohsiiricf bojelt (BARAByRide BLEM IrRgfRsr TR 1Yo
subst ances, sul®p lasertadige the' pager adsidg the oullinec Sirpilar techniqugmaytbeanot her
i’ispepé of dphan@smncdmmeﬁc?fwnﬁ trfeSpr@f:essg@f tﬁblp?ééerﬁ\f/\r}]v;%hﬂ&il BYESHAtAG e ©, S t
i quid nedi um sol ids_or, i.ans . ma caused to
mgrate to sel %@ggﬂggﬁé&ebﬁr%&ﬁ%q'g& c{&?&ﬁhaﬁﬁbﬁq %ra‘#'ﬁ%ﬂﬂ Paﬁe% aPﬁ'eel ectric
current to thesaneiimeasprintingthegutiinees or the object. | f desired,

| iquid or suitable gas may be introduced into one or nore cavities of

t2 ge'f obj ect t ofs Abﬂidambﬂrd_f'a(s!ﬂlitaWei&i&r@fin&ﬁb@ﬁﬂ@%fdrﬁx&ﬂ*ﬂ@%g?ﬂfré?mt rifugal
rce, to . i [ | nto its outer

boungar les i nuﬁ@ﬁ&ﬁ@o&é@l&g&a‘?{enﬁgn%{}%@ %gth%ré"ﬁ]fcrbéd bﬁ%ﬁ‘?ﬂ&%?é‘?ﬁ&( Qk?ﬁ C

process may bethesxgess substrate in eeations: facilitatisp semovalof essesspubstratesatithabl e

hydr ocar bon nmeyedidnitie Sfhich nfay be B%%S&@lfértﬁﬁdiﬁﬁ afi@r5@ekiHpe to increase
density of sone or all of the object, by 30 filling up any voids. The

parti o es. Zﬁ‘géﬁéﬂgﬁ’?&%&h@%s@ﬁi&%ﬁﬁédv% ? §§P8€r@’h&qh ofiectfiebsy  on
part or all 26 three days.flhisestimated thalithe pregesseiihe prgseptinypplioredtieastin -
horogeni se or  sérbidmisadimBAts, R4lbe ablg to pradued s metreé BEokjeRRshdrashyat eri al .

This in itself is a significant improvement over the prior art. However, there are

further ramifications. The speed of which the process of the present invention

is capable will permit LOM methods to be used to produce large scale objects

25 in a timely and economical manner. Further, several printers may cooperate to

provide a large scale printed outline on a substrate or the required printed

outlines on several substrates (at the same time) and this would further reduce

manufacture time. |

The accuracy of which the process of the invention is capable will establish a

30 new standard, especially when it is considered that the outline may be
microscopically small, to consist of single atoms, for example. This is a
considerable advantage over prior art LOM techniques, where the accuracy is
dependent on the minimum cross-section of the laser beam.

This Sheet Has Been Repl
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22 The material may be deposited in or on sone |ayers of substrate or
sone regions or parts of the object. The aimmy be to produce an object
W th di fferent physical properties in the different parts. For exanple,
sonme parts oigo9stdase obj ect nmy be harder or nore dense thapceiaiofor9sSONe
parts may absorb 5 shock nore easily than others. An object may be
filled wth a substance such as a suitablsg resin which, upon setting,
substantially increases the density and strength of the object, for

N L

i nstance, the %PE%P?'%QRMHPQ?M '?ﬁqglﬁ‘gi' ﬁgﬁ%’%ﬁvﬁﬁn@8‘%%%9?@15#6@@5?"& t he

i nvlent i _(I)_ E ma%_tbedesim!ﬂ fesult by agplyingears electisdueriest toparesatiine ehicrodtiing hteL

t . e o : ' . e
5 7 A o R0 o S o

"scope of the process o e 1 nv prues or C f or med

wi thin an obf d®@g8charagtar reeagnition) tanerqwhisa ik.6arable ef eamying an electric
mslguf acture. ldureht Bécauseldf the resistarite dfﬂﬁ@bpmgénfhé Silbshira& (fé'?@.l,lbaﬁ? reh
t ubes or si | own. duri ng the process. the
channel s are t%‘bb%r%egg o¢5¥§§ q%@?g"%ﬁ?&hwggachi eved by drilling the
manuf actured object for ~ exanple. 20 Simlarly, the object of the
i nventi on nay AoaRaher ertionstherdesirgd result payberachipved by using againting
conductive pa]Erhéteﬁa! cdmmmgrmhiglw.arbr mﬁbl FiEcorsal f8hs? Binfilgr to may have
one or nore . e capable of acting as an anode or
cat hode, for18e%!é%&%atm§[}§¥utg§¥hs may be useful in enabling nore detailed
and thorough el ectroplating of the object. for instance. Such processes as
25 el ectropl atlt i§gvithiy theesaopeiaf thexmethag,of dais davantien Jo applyythe gequiests ur e or
vacuu rnt to iéheagy tbCéathsLTbsfrat@ dr&:’uﬂﬁ@?’aﬁe& priffihg Bhamr ‘bﬁﬁihg’ﬂ}lﬁ?‘(@ aFBIgfthe
connection wi erjal ....For exanmpl.e _all .or._par an
obj ect nade ac%hﬁr%\f ﬁ’gi H?%H 0?%%‘{{%%%?"8% %{é’%heg éngzﬂ'ﬁ{iﬂé for the
deposit of chrone, the object being at |east partly perneabl e and
pressure or vaABRIHIEE; the enesey mayhe supplied by snieqiemagnetic@ailoor han chr ome
Into part 0r1€8¢dcillafing bEdi@&tbeﬁent or byTiight BEb %h@f?lfd&!&é'fd%rﬁ;ﬁéﬂhrcﬁfé to above
o achrolyti ¢ <aERARNR: Mo bhiflhateral §'3chlatad by ah stcsierdtsr B Sy '
23 In the debstanceoor kibinire;red oeyliramtioletlight einandtisemamibodimenbdher eat nent
of an . Objectsubbsirateds pRini¥® Wik2 il vitieH isBHRIoRinskNE 6o taf Bidaks can be
appiied to and fiméd ex;(w)osusréJ S ﬁgrh% weesakens or destroys or alters the substrate at the

20 outline.

In another embodiment, the outline may be earthed (or alternately, the

substrate may be earthed) and a current applied to weaken the substrate at
the outline.

In yet another embodiment, the outline may be formed by one or more

25 streams of electrons or particles beamed at the substrate, in an environment
similar to that used in a cathode ray tube (a vacuum). The electron or particle
beam may perform either the printing or weakening steps or both together,
effectively buming through the substrate as the outline is traced. The substrate
may be located inside the vacuum environment or outside it, with the electron

30 or particle beam having sufficient energy to achieve the desired effect of
tracing and/or weakening. It is within the scope of this invention that the

printing and weakening steps are carried out simultaneously, by means other
than a laser beam.
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In addition to this, a destroyed and excavated outline my be used as a 5

nmoul d. In addition, nore than one object may be forned in a stack at
once. Each obj ect may be formed on or in an already existing structure or
st ack. Swiomshysal conponents nmay be added or incorporat %%%%4 during
or after manuf acture, so that, for exanple, it may be possible to

manuf acture a three 10 di nensi onal obj ect whi ch has a part wholly captive
i nside the object. In addition, protr ? i ons or braces, handles, hinges,

bearings or OH]EEJ her%?lm'}ﬁgﬁtstmmﬁrea ﬁQcé&‘Sy%Pé%?tmc% s?rreamé ofThe

obj ect. may even

Structural rePleckprs agpadislesdbeamadatdheisy Sﬁﬁ%ﬁﬁuﬁ‘é‘?ﬁ tate beadng argsidaice to
brace 15 a pastitablé anéigytenbitiodidots. a&dd@tﬁwm bélettivaly b%lmd mothever. |f

e e St o R G bl b TS
particul arl ys m@hfoan?@.dhe reaction qfitee dats totthe beam caysiesmweakeaing dfdbe al so t o

prevent it beigpestidte @bt sitlihd.S own weight. Structural or other features
of substrates nmay cooperate with 20 features in other substrat es, for

I th d
oy Geposi 11 onin 1 SttnddiGE, 3¢ pEUTR ray e IIEAS FOIR Shriod Bapl 1§ ol e
the substrat e Waakening @f‘rtbegubstrate ma;oocmampohmpmsamn of tbelnbplrg@e(nwm ch
can form a j el %itef the aﬁood.f@?éﬁ?a ¥ 2he &ﬁep%\eta growth. 25 In

a particularly preferr the ocess 0 € invention, the
substrate i theotll e | ses arrowfllmvxlmchls
af fected by?%?%g%%@'erﬁm r}y B"acy%?gqqm& Using 3 eElYaNeR s, the
paper havi ng asapablemfceantnagawttmsewm subistancet orccausing & chaiarbactionetot , t he
appl § cat Lon hesulthicohfbisish of GHAUBIRRAY BUmERAKID & lbBstiFalian fd of the 30

substrate at t nveh oncerned with
etching, pri n§pﬁ r%fe q&&pekpwgn%r dg &xample, the first substance may be printed on a

24 1t is vvelﬁi'stlplmbftsmbsn'aie Theisatond substhate maydie primad on.thdhexipl ate is

d b t Th
el req pat 18 plecs sublirats i clith 8 Wi aflo foniitar@ihe' sbed iRt and by, oo
the metal. Th éhe?rﬂlﬁsaﬁubstan%ﬁ to antackihe seeondhsubstanse Qﬁnandmgm thei nateret s
avay the expogfthefirsband Secorhsutitatvesiesmbastidnrdhan ék;ﬂoénﬁﬁ nﬁ% &ur It

I's known to e u te suc SSI|

wafers in or dté'?'n}e% &&2) %ﬁf‘?tﬁ%ﬂ %‘i tforbiya?cfy C%P

Laser bean#\liemat 9’&’ thepirsiriece af substrate mayde overlambby acsheehwdamhes t he
brocedur es. 2 Taprgnatét Wi 16 SScald qubsBriesand AR Hiseh thd BofRESIBIFET o
track or path eg‘i"%g!ﬁ"? gf'tﬁaoqn ﬁ‘%ﬁ&rﬂf gﬁﬁqu'r?@ Ns@ W3 q"g&'?’g?" WegKeRpor ked
into a substr doth the firstipiece of substeaté at thedotitline ard theaséoond piedd obe used to

i nclude outli R@bsiratdqK theAlgion of the same outline.

A specific example of this type of embodiment is as follows. The substrate is a

25 sheet of carbon fibre. The outline is printed in magnesium in a non-oxygen or
reduced oxygen atmosphere. Oxygen is then fed to the outline. The resuitant
chemical reaction weakens the substrate.at the outline. This example applies
both the forming an object from a single sheet of substrate and to forming an
object from a plurality of sheets of substrates.

30 As another illustration, the outline formed may be light sensitive and the
substrate will weaken at the outline upon exposure of the outline to a laser,
even though the laser beam may not be limited to the outline. This enables
laser technology to be employed without the need for accurate guidance of the
laser. An accurate laser guidance system may also be used, of course, to

35 weaken the substrate at the outline.
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and pattern. 15 It has now been di scovered that printed substrates nmay be
produced w t hout the need to follow intaglio printing procedures and
wi t hout the need to enpl oy a laser. Accordingly, this invention also

provi des amrwobnpersed printing process, conpri sing pri Ntpcgs % odroe
substrate, and treating the printing to forma mark. This i nvention

al so provi des an object manufactured by e inproved printing 20 process of
the present invention. The substrate“fay be selected fromthe w de

L?.n%te. gg rrmgty E\V%rﬁu% fésal‘gééé Ayt introdiisaePto LDIfteERHIGueY, @8hgthe @Dk&b}kg gg gsog f
substrate or Flpﬁ%/?% E'ﬂ%&e"’tﬁ"@@?@?'cﬁé? l%ﬂ@%‘é{&]ectgé%ﬁ&grmeégiay the
substrate nay'eueed:“ospd's esl byfa lpbern argdrillsortbyvand énothérskrowrumehns, during

devel opnent %aflil‘l‘a%ttﬁé'%?’ﬂﬁén m‘éhﬁ%ﬁftﬁﬁt parts of the substrate may react

differently to |ght |nten5|ty, can result in different effects,
dependi ng on thin the, scope of this invention also

that the suBsiUf 2“’5%‘3’/5 EEOPY S eﬁ?ﬁ\‘ﬁw‘?@s gpd sypilarichgnaer, oayhe efectat-oum

deposi ti on orthetdbgectsui t abl e net hods. Furt her, t he substrate may
conprise a line or profile, for exanple.

25  Further, jnasiditRir, |t4§ withirthk32opd of ﬂﬁégfvﬁﬂilé]d f&%ﬁ'ﬁ fthé Btg*eﬁt dhd Qzl\( the

scope of the @){ az | nvent on to r ovi g I'ng, such
as part nunbef@iion fatetig) Isct isfogmed °"?ﬁéh§) H‘bﬁ"%'séﬁ%ﬁi(eﬁﬁsi &l so be
carri ed out b'ghe<.=duﬂirter trsbne lembmﬁmentamé objgct Heimg formedbythe protRRe of thavhat i s

i n effect ﬁ#&ﬁﬁcﬁ]ﬁmﬁb LRAISRls £ ridth be S8R o with ditBref B GRIK e L o

may be bonded sulta he prior
art: use of aSPRS lcr@fareﬁlep&thv@mthadﬁ@atm %mwdmad\onesmbpattem S

coated. Any oMatsriaheah belihcsrporaddipcthefsp aeé@linrtﬁemse 5 86 the wAStean

exanpl e, the S bou g&) ectrostatic 10
force. As anogﬁgaiégn%m&%g s%??e/ Wgap%g?cé&a SPX\? PHSes can be
i ncor por at ed tejnforesd, fardmstanee.t her nosensi tive sheets interleaved with the
substrate pieces, the thernosensitive sheets nelting upon the appllcatlon

o$ ) Qeat fsmﬂheia‘rﬁ?btededabje&lfﬁﬁhétﬂb ftfe ﬁo%egs bpmetlﬂwnuoﬁlﬂﬁé r%.'&t? ”ft hod
of “bondi n e strate,
but only ? 0 p Bﬁ"e%@%l?‘ﬂ % Wﬁa g%%"h@ﬁaﬁcwe oﬁ@lﬂ 'B‘é%“(i B"eposm of a
sui t abl e nat einstancenpamer all of thesabjectanayrhe caused to aoimpdod Em’texanmlle tao be
deposi ted wi | jagippadced intd the mtéﬂb?'o'f%%dil&ivtdlﬁécttrﬁ?é'@éﬁseﬁwtezgfohéb' e

h I
i ot on, |t RusERRRPRunG BRI of B ofentcanpablbampre st stlest i s 20

i nvention azastotally or indhearegion betdedng dhe inderivet al atom or particle, or other
conductive material, for exanpl e, carbon, may be deposited on a ceramc

or silicon Suhﬁfarfﬁhﬁer d‘eveloﬁrﬁéﬁm tﬁ?dth%béé‘tt %é%htéri&?oﬁﬁﬁ%ﬂ?éct?név ihbREgNt
mat eri al mayP [a the fi
Srce finés or weaknesses 'so that the explosion will have a particular, desired
effect.

These options may be especially suitable for use on an object made wholly or
25 principally of cellulose, for example.

In another, related option of the process of the invention, where the laminated
object is formed with a hollow core or other cavity, it is within the scope of the
invention to insert in the hollow core or cavity a fine particulate material and to
apply pressure, so that at least some of the particulate material is forced into

30 the object. The purpose of this may be to strengthen the object, or to add
some desired characteristic.

In yet another option, the hollow core or cavity may have inserted therein a
diaphragm or other deformable cover which can be caused to balloon within
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substrate. The atomor particle can forma track or conductive location in

the 25 assenbly, to act as a printed circuit, for exanple. The printing
may be formed froma material such as those already nentioned above.
Further, thiyobgpeeesti on contenpl ates sel ective altering ofpdwesetsat he
substrat e, for instance by using different types of deposited material;
exanpl es have 30 already been given, abog4e, and are applicabl e here. I n

order to treat the printing to formthe mark, various nethods may be used.
One pr ef er r edtheaddne dr cavitypupmppthe applicationtaf préssupe, and engble palt crallinf

I nduci ng afheeétﬁ&{trté Be%HHpg%di n the printing. This may be achi eved via
hi gh frequency )

26
G her - et hods!T $AiTe dasess 6 elFst stodcet by ine Reagss aldne InvepboRmiGavec o
.reacti Vﬁ comaleland afermalecomppneht(apmoreititan bne af pactyrit. may bé desirei?r t 0OI
cause the ] 3 ererre
met hod is {rgsr kn@%é%gggnﬁ a}gﬁﬁ{@i%r%é%?&&ﬁﬁg% ég%%n%@?%g{é)ﬁgré% 8{)arts of
it. This may Belichdtis withtn the scepeyef thisdgvention tocaush eoeprapacidheferaaleapaci t or
Sufficient hecompoReNHisind loimele compensnt, “&sh?ﬁ“‘"gﬁﬁ?%'ﬁa'e%’%‘““?;ﬁ?ﬁ{ no)
of ' the mar k O apBS AeSGHa Bhta: IS iR B SEbREot Bl pFERI G et Bt or
use of 10 di ecbmpactanyefihe male compengnis Witbin thedemaleagorbponents; thppr opri at e.
T e ; i b e
Tventi on ¢ pafiakng PlotSchiAL %@*@3&%&*2&“‘%@%@9;Rg@ﬁgﬁéf e,
i nstance. Opt mﬁamalwf%ma'e cogmq'?ﬁr‘h@am igtEoduseddptor the female ¢ameenent,
ian! udijnlg_ at o]rps vice verdae inbreler todfarden the malendmdior thefeinaletdrmpored. Tl_ﬁwelt h\ih eh
esire I ne k rma I C
&Eﬂ?@*&\"lt% g R!%E”%H: IégYaflfMe ?hﬁﬁbb%né%f%lﬁe%gecfen%gs

can hold a charge, for instance e scope o

i nvention to use conpounds ich, ca lgrate to the desired |ine under

el ectric, nmag a@tf@mﬁﬁeﬁ\ﬁ@wnméﬁaﬁ £ qrﬁpftﬁ'@rﬁ!@é‘:es O?ﬂ-'r'ﬁer%%m&jtvrat e
with printi nfg liqeids kentainiog setting agents up camentiriaytbe mamred imtb ton onto thee I
printing to i : vely,
0 the. subst r S ﬁ@fﬁ?ﬁ%ﬁﬁ@eﬂféﬂﬁ%ﬁ of ke The BB mel SRl ie G
exposed to Qbﬂ%‘éﬂ?&)ﬁ%ﬁ@'ﬁ@@ iabler g ttsact o repel eERG; stbstansepy sushi asgvales a

further altermuthgtoil, fortidx@niplistrate with printing may be exposed to a
pl asnma. The mark, which may, of course, include interior printing,

i ncluding co | | . J AL be printed on
bot h si des Oﬂfget?gogﬁl}tgfégt{tg?@ﬁv\%}@ﬁ?ﬁéggﬁnﬁcﬁ&éﬁé ogg%gﬁéogbl e or extra
t hi ckness. 20 manyfacture, adiquigmediumymay beiiged o gafry SplGH oripas whigh may

substrat e wherbd ¢aeeddo Migrate to sefectéd pads bftheasbjadt eipbh pplidtionalf ki Nensi ons

of the printi A |.C C 110 rinting may be -
vari ed, IOso thge%%%ﬁ%@q®m%%%§' Wﬁﬁ"r&é@e’&tﬂaﬁg&zﬁg gr eat gr e1¥f ect on
the substrate conpared to the |lower sections. 30 Simlarly, the width may
be varied of pfdesited. liquider syitable gas,nay beipirpdiiced; into one ormerg eayities of
conposi tion nejie bbjectof thd im@ntibmtwhitie issubseqeatly subjdctadicteritifagal  exiting
energy is abgqhRedte/digk e idlil or §ASinE Hd S8je L UvaPE ol bARRIArRY in

some cases. .

The outline printed by the xerographic process may be used as an
electrostatic sieve. For example, a suitable hydrocarbon may be poured into
the object after manufacture to increase density of some or all of the object, by

30 filling up any voids. The hydrocarbon may carry metalised particles, or carbon,
or plastic particles, for example, and deposit these in regions of the object or
on part or all of its surface.

If desired, heat may be applied to homogenise or stabilise the resuiting
product or the deposited material.
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energy to a higher degree than another section and SO have a greater effect

on the substrate. 27

The accuracy of which the process of the invention is capable will

establ i sh awob@.et andard, especially when it is consider elq?tht@tﬂo&ﬁg mar k

may be m croscopical ly small to consist of single atons, Tor exanple.

This is a consi der abl e advant age over pp2or art techniques. 5 As an

option, the desired result nmay be achieved by using a printing materi al

cont ai ni ng al dinemhaterial may deaieposited in omomsomerigyersiafistibstrate oelsemier opl at i ng

sol uti ons. jon to
$'°'|("j§ oi‘"géﬁé Bf fh'é%blé‘&m Elrﬁ SayBé wﬁrdafucé inSoHj éﬁf‘%ﬂﬁw

apply the reqw ner at’e a rintin or to gpply
the energy to e!?%t(ﬂ@y@f %Hﬁ%‘&t@% E&q"@?t Qﬁqq.,?pﬁgxample, ﬁ‘ﬂmﬁtﬂﬂﬁsl(g the

ener gy may be thelipbjectthaly\becttardeest moragands thahthersoSolne paits ma?%bsbﬂbatl ng
.or direct cu% sﬁeékﬂ{otrgga%fe)g{ﬁtap%rth&é chem cals, for exanple. One
I'S

enbodi nent he™pri ctlvated by an accelerator or simlar
substance, or by inf or ultra-violet ht. 1 n_another enbodi nent,

the 15 substr a‘}'eOPJQCth?Mtbédi"ﬁF witha syhstance s a% ajsyitablgiresiawhieh.upons o
that pl anned settinggl stbstantiallydacreaséothd detisityl drer strariggh 6£4beidbjd, faf t he

mar K. y‘%%g@]é)t her enbodi ment, the mark may be fornmed by one or nore
streans ons beaned at the substrate, in an environnment simlar
to that used i n a cathode ray tube (a vacuum . The el ectron beam may

performthe prthihQ@hQO hapeyAll %’f%&anﬂaux/albef mer@blﬁﬁrm%bhe bardened t he

substrate asottiRalse bf te 'hfe@iél@d purpos%r ﬁ\@éb}"e@i Foffstatfte, Heddlject Nsi de the
vacuum envi r onnent am hayi n

0
sufficient endPgH f?‘a{ué%‘h W@c’&é’gﬁ,\% %'PF%%? °€tf‘e mveq%gelr?@y b Hgﬁd folr t her
enbodi nent, t hdie naﬁkmmdreie. pressrtadls andothatdpolsgThe objpehmay iaeif be ajet a
further enbodl‘p@,mng 4t mark may be fornmed using a substance capabl e of
reacting with a seCond substance to result in an expl osion, suf ficient

to at |east etgh .t. u t th the the first

subst ance may '&?‘%BT"H?% %qp%oftweg{ocas&og?%e "yggé?l?ﬁzag%pﬁ?g U Lhgnpels

subst ance  15narg formed withindarvobjectorratack, gitbeedurfing mapufagtureion afftach a way as
to'penetrate 3:9a mcﬁﬁéqm%ﬁﬁee%%'&aneoaté§huﬁwﬁm fiysact

t he second nc pendi nat irst and’ second
subst ances, an éﬂ’ ge "?Pé&’ %&‘ﬁa°wmmﬂtté??r‘lﬁ?s§o'm%?ha®@ SAredp
activation by befnmmdbater thismaay bg achimved dtyadrilling theAhémufacturdd/objedtdfof i r st

pi ece of substé,@gﬂﬁ)lgay be overlaid by a sheet which is inpregnated with

t he second subs ce, and which 35 causes the expl osion, either on contact

or after ACt}oV8im u%ﬂy, the o%jé'\q%f tQhef 1fnvgnt?onn may contain veins or highways providing

electrically conductive paths or electromechanical passageways. An object
may have one or more of these. They may be capable of acting as an anode
or cathode, for example. Such paths may be useful in enabling more detailed
and thorough electroplating of the object. for instance. Such processes as

25 electroplating may be facilitated by selectively applying pressure or vacuum to
an object in a similar way to that disclosed above in connection with
particulate material. For example, all or part of an object made according to
the invention may act as a cathode for the deposit of chrome, the object being
at least partly permeable and pressure or vacuum being applied to assist in

30 penetration of the chrome into part or all of the object.

The veins or highways referred to above may permit the passage of light,
nutrients, fluid, suspension or electrolytic solution, for example.
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28 etch both the first piece of substrate with the mark and the second

pi ece of substrate in with the sanme mark. As another illustration, the
mark formed rmay be |ight sensitive and will etch upon exposure to a

| aser, evenydedsghey he | aser beamis not linmted to the 5 r{,g:rr}gw;'wﬁ‘

enabl es | aser tec noI ogy to be enployed without the need for accur

gui dance of the | aser. Various featureg may be introduced to the process
of the present invention. For exanple, the product may be "edited", such

as by a | aserinhediestliption abdve, frequentwefererssesis made tugthaareatmehtmfeamr after

renufactur e,  dhjen KRG BWAAbRSSALE Ran o NS FOAMRASS bl Abpfideoes, oy

be effected to e pr I nventi on
may be treat eﬁ‘etifa%ﬁfs'-fbﬁtraé&%npl e, texture such as a quilt pattern. For
exanple, a cup may be treated to have a textured surface. An instance of

this is the ptrosdditiomto this,a déstryediand extaveateéd outipeanay beiused 28 sshape of a
cone, from t%]h{b Iloayers of substrate such as paper. 15 Each piece of paper
is marked w a Circle, subsequent pieces of paper havi ng circl es of
increasingly smaller dianeter to forma cone. Around the ci rcunference

of each circl i addifien,fagrathag oneabiersmay he formesd ipasstacinat-ence. Eagln t he

cone is formegbjselmay bicformetiam drin aaBiready existing structoee oedthek.n, or
crocodil e print, around the surface of the cone. It will be apparent to one

20 skilled in

anotS h:ar exalrrplstgl%?'ﬁée cone cécﬁﬁﬁ]a&ad'é ?&dg rb?lﬁéoarbgféa?%@%ﬁgf’ és’acﬁlsppeqrafter
carrying the @anuagiuiesspdnat, for example; itimay heipsssibletomarufesture sdbrest of
conducti ng W'dim@hﬁomndb?edtwrﬁch Rasla értwhdlls"loaﬁtnbe insidecthe Gbjdctriant

L oee into acharef) ﬁ%ﬁ@%‘%&fﬁe@aﬁaﬁ@?#ﬁﬁ&%%Fﬁﬁﬁ%seP dfdfhe ' Puse” "
| ocat i on. composents weay bedcsideddo the okject arstack. & heenbjest may evancbe he

el ectri cal paff&rﬂéﬁéﬁﬁnalre%ﬁ?%x%ﬁnﬁ@ﬂ@éiﬁfé ve products, or some or all of
t he remai nder of the substra may conprise the path. 30 The invention

e pr i nted onciuettghisiniotdhd i bR GBS Bhbl e Rarfs"FR tedie b bipencr
wi th the sulistaparticgary bighoobject andrpsegnt itifeors depplingtaventibdesirad, strectpraint i ng

i's reinforcing can be in-built into the substrate pieces. 29 in place. Thus
conplicated cutting may be achieved by printing and then exposi ng the

boon taser | e tTugtIBP b BRE b3 BE B4 hSFanyy to PRfce'S RRREHEAAG Hit @led ©
appl i cabl e t o andepreventdt samdepplingeyep:hut @iso, tograventdebairg sa.lsheé bytits

' E; Ce)x'?dCIp:: Lﬂf‘{“ﬁgvgg{g,gﬁ E@ﬁucﬂ@@l bh@th@ﬁtegmrgﬁ’-lbf &ﬁbﬁfﬁl@é‘ﬁ% %@ bfg?é as
a/el | as pri ﬁ?lfﬁﬁmﬁesn'&rq{iﬂer Wlpérq%sg?ﬁrﬁxpﬁ@ & rmnqeﬁgf EP@&H?S ey??ﬁvent i on

to provide other printing or marking, such as part nunbers, etc.
Where the outline is "grown" by deposition, such as by crystalhsatlon. it may

'be desirable to alter the substrate outside the outline, so that the waste
substrate (which can form a jelly, for example) can be pushed aside by the
growth.

25 In a particularly preferred embodiment of the process of the invention, the
substrate is paper and the outline comprises a thin narrow film which is
affected by microwaves, preferably by exhibiting high microwave loss, the
paper having a low microwave loss characteristic. In this embodiment, the
application of sufficient microwave energy results in weakenlng of the

30 substrate at the outline.

This invention is also concemed with etching, printing or marking procedures.
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It will be appreciated by one skilled in the art that many of the processes
10 referred to above nay be used in conbination. The process of the
i nvention lends itself the provision of "kits", containing for exanpl e a

conpl et e setw@fogspbpt rates preprinted with the desired out 'rk:‘i‘ié%gwﬁb@% wel |
as any materials needed to cause weakening of the outlines an I'ndi ng

material if required. 15 The process of 24he invention can be carried out
in discreet steps, even at different |ocations. For exanple, a set of
paper subst r atlbls wellknewrpia etelean integlio platen forrexqmpiedrhenplatenistirepared byl 1 ne)
by 2 print e{- Mnggtwimwa&amob%r%egﬁrebma}tllayéw ThESHedifdd %htﬂq'é ng. fThe
weakeni ng step_nm . carried aut subseguen an end .us r
exanple. 20 Ao e Waeushe aahags epimet B/ ose ng Matel T0R etat | s
provi ded applateds innmiessedoinauh agichibath. Theraoid eals avay ¢hel expossidometal,obj ect
conprising g &Ehiﬂbitﬂé’ggg?é?ﬁp%ﬁ%%%pﬁté?” nt a predeterm ned outline on

each of successive ets substrate, each outline being printed on a
sheet of substpate wt . nk havin val.ence diffgrent, fromthat of
The subst rate. b7 Atk or glrgrying ATk sSbsiEates Such 28 SHETAENRS R uccoss: ve
sheets of subswaferein ordento producaiprirted circuit boards lantd similartprodsdts.diases
printed to a ¢ ' i%l | %ﬁia the intensity of t he i nduction
field and the ﬁéé‘ﬁ?éé‘gget %iﬁgrsﬁl%he srﬁ'eets bei ng such that the heat
generated by the induced current in the ink on the sheets causes the
dhocte to b cher sanvenEngs e tHm fafiolt d0d fp deTMatVeX Wik eas RBRIRETIS ¢ he
obj ect 30 or1orvestompassehe procaduresofditeing, markings etinting and similar

30 BRI EF DES I JIRA AW « i to 5
descri be the pﬁ?ggé-?%rﬁ?ggﬁ f am X\é%lgﬁo %ﬁﬂ@@%ﬂlﬁ@gggggﬂgé&%ﬁﬁﬁeﬁe
process of theOf Wodkediiplg.asubstialfsre 1 is a plan view of a first sheet of

substrate to be incorporated in the 5 | am nated obj ect; Figure 2 is a

pl an vi ew of aThetermt"'mévktandits deihrdtives will be Deed twinciudp@ttithe) track, gdtie sheet
of Figure 1; ndﬁhﬁ e 3is aplan view of a third sheet of substrate to
be superi rrposea 0 e’ sheet of Figure 2; 10 Figure 4 is a plan view of

a fourth sheet qf substrate to be superinposed on the sheet of Figure 3;
Figure 5is ihasqiouebesn dispayersd a&ﬁgnteﬁesq%ﬁﬁe@smax Qﬁ grodeicgd vithpu?

::i gures 8 to 1¢he hé%tsbrfamwyiﬁtaglimrpnﬂvﬁngipmedhraswamwahbut_theheeé@@emdy y6 _
am nated, in o : e . - IS
 per apect i ve ool i RuBhiEiso Brovidés A iHtbl el prindhy broBelg. 0
obj ect of the ICATPASINGPrinting Pa asuhstrateyand trgagn@@%mmgit@ﬁprm atmrykdr awi ng
of Figure 6;

This invention also provides an object manufactured by the improved printing
20 process of the present invention.

The substrate may be selected from the wide range of materials referred to
above. Different areas of substrate or printing may carry a positive or negative
charge. One or more areas of substrate or printing may have electrical contact
points. :

25 The substrate may be composed of photosensitive film. As a further
development of this concept, different parts of the substrate may react
differently to light intensity, which can result in different effects, depending on
the aim.

It is within the scope of this invention also that the substrate may be laid down
30 by spraying, dusting or vacuum deposition or other suitable methods. Further,
the substrate may comprise a line or profile, for example.
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Figure 8 is a perspective view of a further enbodinment relating to the
I nventi-on, while Figure 9 is a side elevation of the drawi ng of Figure 8;
20 Figure 10 shows a perspective view of the sheet of Figure 8 after

weakeni ng  waésrkiy outline and Figure 11 is a cross- sectlgeﬁ) %,&%pf t he
sheet in Figure 10; Figure 12 is a perspective view of t eet of

Fi gure 8, |nad|fferent enbodi ment, Rl e Figure 13 is a
cross-section Vi ew: ers Gtivy ew of a_further
enbodi ment of H'Beﬁ'ﬁ%’;éﬂfﬂ“.wfﬁﬂmﬁée gs'ﬁ?qg ﬁ“ﬂ“ﬁ""s{h&éce%\?s ®n of -t te
sheet in Fi gupeesent inventioh tpuprovitie atherprinting ar inarking, stch as pait ngmibers;i gur e

14, in perspeg{d YA thé Substidie! © Figure 17 is a side el evation; Fi gure
18 shows a substrate to %e used in the process of the invention, having

a honeyconb p t

Figure 19 sho m@t'g%ﬁtﬁpr@?)éa!f‘lc’%ﬁmﬁd it by elsctrostatig meansang may.Jder

Fi gures 20 t® ir2tande, deposit whatibinleffesttan eléctricglayath os chouit fyapduci ng t he

obj ect of the invention; Figures 20 to 22 show one enbodi ment of such

appar atus, Fi Q“Woeoriiﬂoiéesd&trate‘% rasy Bﬁ%hut‘é&tdgéiﬁ\érﬁ HM{a%l@@: gﬁgggcnaﬁm' an

vi ew and Fi gure 22 QEI n evall on

second embodi ARAFE h%agﬂ %Pfrdﬁed?f&h tg mejt ad 'b%'YﬁJ with whichat ri ¢ vi ew
Fi gure 24 bei rsgbstraiens;pwedvknvomerépplropuhta/methodoasﬂ banding raayBeaisetihe

cpparatus | n B EB0E ﬁbg#fb?’“géﬁ%p'ﬁ%v%?Wﬁéﬁgf‘a@w%ﬁa%wﬁﬁt of

such appar at‘Ql§°f°F1 A ABOMET exa'BBHl gn adpesive fena stackiof aubsitatey can be27 a side
el evation;  indorgotafst B\Bswdiimeans B8 thetriosbhsifive §H@@l§'m’f8ﬂ'éa\i§d Wittt the

appar at us, ctive vie art broken away, while
FPgure 29 is %Hégﬁégﬂec@% U‘%ﬁpgﬂﬂowﬁﬁv %‘P V\E‘WEWP"" e ppRlration @ s hows
how a stack ofhegtiand eHectivelylinding the stack dogather. FurtheFite metitdd eftomdingr ee
batteries of Ihauiagk ayCRitEpphee él%@%h%ofs@s&ﬁf&bé@g@?% afthr ee

batteries of Figure 30 conPect ed |ndpar al f ur Ws in
i gures 34 dnqresiRbh Meror iy iees TF ceBosk ofe el melkinlariba.
substrate. The nature of the material to be deposited will depend on the

desired further treatment and suitable choices will be apparent to one skilled in
the art.

Without limitation, the examples already listed above may be applicable to this
20 invention also.

As an illustration, a metal atom or particle, or other conductive material, for

example, carbon, may be deposited on a ceramic or silicon substrate. A

second substrate of the same or a different material may be laid over the first

substrate. The atom or particle can form a track or conductive location in the
25 assembly, to act as a printed circuit, for example.

The printing may be formed from a material such as those already mentioned
above.

Further, this invention contemplates selective altering of lines on the substrate,
for instance by using different types of deposited material; examples have
30 already been given, above, and are applicable here.

in order to treat the printing to form the mark, various methods may be used.
One preferred method is to apply energy to the printing, such as by inducing
an electric current in the printing. This may be achieved via high frequency
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Referring first to Figures 1 to 5, Figure 1 shows a sheet of paper 10 upon
which there is printed an outline 20 intended to becone part of a

pyram d-1i ke t hree di nensional nodel 30 depicted in Figure 5. Apart from
printed out|lwoesgfasg0, a matrix of lines 11 has been additionally printed
onto sheet 10, dividing much of the remai nder of sheet 1BCTAVY/08TMar e
segnents. It wll be appreci ated t hat6di ci ng of sheet 10 along lines 11

wi |l enable ready renoval of waste parts of sheet 10, surrqunding
outline 20. mducﬁdrguﬂesmgamngmép@@m high frequengy,volkaderisiappliednt ed an

outline 22, bﬁhé?gn%oag b pplichBdr 6f light,/8xpesing Thé pinting td ateadtiveon sheet
10. Sheet 12 | 32

printed W|thcﬁns"ﬂﬁ't“?‘??r8¥pqs1'%§‘el%"nt’89\’?élmﬁ,)s%ch of the area of sheet 12

outside - . outline 22 into small squares. Qutline 24 on sheet 14 in
‘Figure 3 |s h‘logier ky causegthe markito bemtt:hed‘ varioys methads may begysed; Gnet

matrix of ge? hﬂbtﬁbwﬁ Rduéeoén epemlc@rrelitmhe rfaid) 61at I%E@@éarﬁsﬁ 5

h L 20,
25, 24 anh”tze k5 2 7S v o b scton i SHREE 20

bei ng successwhich Mghdremencymmitagmslapphed for examplesandtan geherats 12, 14 and
16, t f

volds 10 IR edh enchifark °F=%ﬁ§€§*§r%}6“ Hatlor e%éhf?%%%%@@%ﬂ e

i nventi on, slﬂ&mark Wbef%thedﬁﬁﬁaﬁlée ke hgatedis 5!990'6?"%8? dupto Heeef 14 s

| ami nated oy efiedidtftrié ABatirig in a cdmritor fleld nehystesiord Gppropriate.nat ed over the
top. of sheet 14. The waste material in voids 18, 19, 21 and 23 and

di 4 |
2s each shoet! Lb'?ﬁ'#@h“a‘%édﬁo O‘i%’“aa"mfs 3wt (88 Sba"é?’“'ﬁee iy BhesH f | oY
force appl i edhe prigtiag issersmprised I@Om%ﬁhﬁﬁef%msﬁﬂ@ Optiopalydhe case from
the remai nder rmiin fh@ayﬁbsﬁrmed frorﬁlpanrdeé;?xrﬁ:m atoeng oF pelatulez) of matdi

xagger ai od R B e1o Yo BiaPha e el A Thet BB BE .,

pyrani dal dhj wcntherfmaml wmwbmamhold\eucgatgawﬁqr inganee. dbﬁrwltm@@%quﬁﬁr eds

of . sheets of Jﬁ#&hﬁ&é@foﬂ to%em H¥wrﬁ a@t@fthe deBR6d liRt'BRBEST Ve
sheet woul d er romth ? gﬁg} G one by perhaps only a
smal | fracti o‘H e amﬁgp?t?crr&['?@' al or ?é §5Fi gures 6 and 7,
substrate 32 has printed thereon an outline 34 On each side of outline

34 are insul athengubstrate with prinding 61ay e exposed e arearepamndwhichirgagts sith
outline 34 C%le rﬁﬁng%@k&ﬁ%ebﬁa&nsumaéaﬁbﬂa.skﬁwstmdépﬂeee Altérigtivet,i ng

I 35 d b I d b 4
e vl i gt it ey beplb st ngtbbfurie S arPikd
is to be undetoselemmmagnetamdiaaon ty enengise the pantingcAsrafurther aiiematwe

enbodi nent, Qﬁ%@?{g&%ﬁ\g& At mag befexpubad fPd Pladtna.t 0 extend to its

edges. 30 It erstood that the fire retardant ceramc

mat eri al coul r ed | nt.o ubstrate | yrning
now to Figure h%"éﬁ{ﬁ' ‘g{,}'cglﬂ‘g@i’ pRurss, '"S‘PHﬁé@ﬁ'é%ﬁ RN ﬁ@g-}dﬂ%?mp'eﬁm erial,
has printed oimteriorpatiernscorlid fprioting..mayhe pﬂoteﬂcnmbome&d@ﬁ okthe'R' in this
IIlustrati % sUtKEratd,| WHItH $h Sddiort fafyBe difbuBle or R thickpess.” ol | ed

at nosphere

The effect of the printing on different areas of the substrate when treated may
be varied by varying the physical dimensions of the printing or the chemical
composition of the printing may be varied, so that sections with higher printing
have a greater effect on the substrate compared to the lower sections.

30 Similarly, the width may be varied of printed lines. In a similar manner, the
chemicat composition may be varied so that the efficiency with which the
exiting energy is absorbed varies. Thus one section may absorb the applied
energy to a higher degree than ancther section and so have a greater effect
on the substrate.
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33 Oxygen or other suitable accelerant is fed to substrate 38 to result

I n a burning- away of outline 40. Figures 10 and 11 show how, in this
exanple, outline 40 is renoved fromthe whol e thickness of substrate 38,
leaving a pQgbbssaég? O course, if the magnesiumin subgiy @59
sufficiently reactive, substrate 38 5 nmay_be conpletely consurretvg ring the
weakeni ng step The result of this proc%"ﬂure w Il be an object shaped in

the lett " | f ' t f
examl 6. and e aeruraci Whith e rophd o kbR chatBie wifodibRBE ('
substrate 38 tnewastanddml; especiallyf whenlit isoconsideredt thatdhe Mmarkmay b that it

coul d be separ r n letely
t hrough subst rrgice ébﬁ‘ﬁllﬁk‘ﬂﬁﬂ 81c8 égt 3{%}?@% a‘%rhE%F eﬁé{galrbegh%gggnd 15,

substrate 44 |@'\$i9&éat39 @M??@EP@VB?W@IWBP'SEB%M outline 46 is

.printed fromcopper. Cip 48 is intended to facilitate attachnent to an
el ectrical saéuhsen opliendahewesired fesult nbay bwachléeenl byalsmgla printity mateziabn each

of |egs 45 andc&?aunﬂ?%l%ﬁf%ffg?@x?ﬁuf:ﬁg hiefald6nd, S BIGRfoblaRAh SoU" o°

(not 15 shown) can cduse |ne 4 urnin substrate
44 at the oRAVHARS. Thi s operates in a 5| m | ar manner to an i ncandescent
l'ight. Figures 16 and 17 are basically the sanme as Figures 14 and 15,
except that It tswithihithes sddheaoitthd tnethed shithiminzentidrte agphpthexdeqaired i ne 46 is

alittle diffe F&ﬂi r and 50
would need to %ﬁé}éﬁmor{:ﬁ %@S ex tﬂ"ﬁs?ﬁ% %fdhg{t%d?ﬁé@%t ésghr%k@ sone

ot her neans 1n&ib fterprmtlna Figure 18, substrate 52 is nmde of a
honeyconb structure of fibrous material, with each cavity filled with an

unset resin. Sirdditidrg tﬁé%endwgy debelsuppliddLby?éti tlectrbmagneticcoil) oebgamnt s 54.

Substrate 18 bl
substrate 50 + ARG F?‘J’ﬁeg{'ﬁgPyéﬁ‘E‘e@I%g‘%%yerS*@BL?F’?‘%@ T as
can be seen frembpdmﬁré the priné material iss agtivatedbhiegn areelenatorarsimitar have
been printed i gutist@ncd)dpdydifreired oF ultré-mdlé‘tlI@hﬁﬁﬁﬁﬁbﬂ%ﬁbmb@ﬁirﬁémﬂﬂ\e‘ S

etting can 0 saoetaEh dnie Shb % indisaPyReR 15 BupRRBHENE 58 BRENAMR (o be
separ at ed fr onasd timeexposurs toright slters dhe aubsttateabﬁjeenark% results. If it is
desired to bind substrate 52 to other, simlar substrates, this nmay be

achi thed b%ohﬁm yétGriothen dmtsaidiment, the maﬁumlyrt& foAned By EhélUreﬁoréQstrban'%Z q
appar at us r._gui de
roller 65 to p§§§lgﬁe£§€%$€a'ﬁég %?R%rﬂ]ﬁspﬁé ?& éﬁggﬁ'ﬁwtg}?ﬁr toﬁﬁ?tt].&eﬁé? i on,
the outline 67asathedepeytukel(a vaquum). the gleegopbgamemay perform the printing
34 bl ock. skt efbstivefy BRRNgtArctidh!driftothe cabstralb as Mk MaREs faded/ast e
material, not =

The substrate may be located inside the vacuum environment or cutside it,

with the electron beam having sufficient energy to achieve the desired effect of

tracing. in a further embodiment, the mark may be formed from a doping

agent.

25 In yet a further embodiment, the mark may be formed using a substance
capable of reacting with a second substance to resuit in an explosion,
sufficient to at least etch the substrate with the mark. For example, the first
substance may be printed on a first piece of substrate. The second substance
may be printed on the next piece of substrate in such a way as to penetrate

30 the second piece and allow the first substance to contact the second
substance. Depending on the nature of the first and second substances, an
explosion may occur immediately on contact, or after activation by a suitable
catalyst or detonator. Alternately, the first piece of substrate may be overlaid
by a sheet which is impregnated with the second substance, and which

35 causes the explosion, either on contact or after activation, in a way sufficient to
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shown) pass under nmagnetrons 68 which generate sufficient mcrowave
energy to excite outline 67 and dicing lines (not shown), so that outline
67 is separated fromthe waste part of substrate 64. Qutline 67 is then

| am nat ed Ol é d onto stack 70 on table 71 (which can g&@gﬁ@

| owered in ance with requirenments). The remai nder from
whi ch outline 67 and waste material (nojgshown) have been severed, W nds
onto roller 72. Quide rollers 73, 74 and 75 assist in control of web 62.

Tu[) mt ngt now t cetth Botretheditstiplectbof 9ubstrhle&vmftrmht Egﬁbnd t?ageeag% gfeAcg davebhof 10

substr at es, i s supported by table eac

sheet of su%@ﬁgﬁe&"?@%%de‘%ﬁméﬁ? the stack, it is drawn (by neans, not

shown) under printing head 78 and roller 80 and bet ween gui de rollers 81

and 82. Al t houfykanothenlusiztion. the markforged mray belight sensitiverand wiltelebk ar e

not shown, theggor@posurdtd akiser,@ved thotdh tﬁieaé@ereb%aﬁi i Hot hﬁﬂbd't@ﬁié’i the

enbodi ment, 3, tﬁaﬁisesr%q'é%géﬁec%'héwfiﬁe Bhibieyer ol theed Bxi de, 1or

.exanpl e, and |W&|9@W@ﬂ&laser i nsul ate each sheet of substrate

fromthe stack. The insulating |ayer nay be therno reactive plastic for

%o, B ter pri ﬁ"?ﬁ"“ﬁe?ﬁ"éﬁﬁa?ﬁ%é @ﬁ“n%:;?““'ﬁ R?Wgﬁ‘?‘sﬁg%;%?ﬁ%ii on

field chanber B8"SXaMRIA; ﬁ%@‘f‘%&ﬂlﬁ \@le'éu%?s a lasef or OtRRr or

ot her suitabl eksawn meass, duging mapufadture ot after reanufactdren Thus, fustowas, rate 76 is

caused to we ' er for a

V8 engi ne bl‘?égfbogﬁ ggéeﬁédlss ﬁ@ﬂ#wd?%r evi aw%é %éd&mf e‘?rghgér? tabl e

and o1 in Lfgﬁhgéﬁﬁ%éﬁ%éé&wﬂ@dw%wb' kol o Ly,

Tur ni Pg now t otexturarsash 28 aaqudlt pittetheeexarhuetacth mgye tréateddd habe a

i nvention ﬁ,lspj

substrate 92 Ygﬂ}ﬁg%gﬁh% Ad) nlEJ:IQ &gﬁgﬁ'gsd rb&t&'pnsa Iq@%(ré@?‘tﬁh&xﬂa'outl i ne

94 is printed BWdPﬁE'“stU?FQEBeSf agage, m@ﬁ'ﬂl'%’ﬁgfﬂ@ﬁfﬁ%%%%P@?fet

Bg | n;gead I9615 Each pldcerdfpapenisahared withendirdé, swseﬁheimpi&bskdf@apépng track
outline r

substrate 92 | hgfinéﬁ'@r b o Fibrodsifo §hlaer dalst 13 fim 4 g, ABMEMED,

wher e subst r at ireymiesensarfeachicieledhesgmay QW@EQG&E-‘P éortwamrymwhtcb t he

under | yi ng st agien thékénd [§Xofrmed d@amwat&qéyulmt Mﬁﬁ | gefltetrtl gpf whi ch

substrate 92 f gorz(gﬁ & \ ? o% gg@ﬁ &? % Erl? " :-Dq » Eﬁgures 28 and

29, the whol e g il §béta gqlhgptg % AEtRGoBR: twi ﬂ% 3%7'89 € a cat hode

ray tube 10220 skiledijipthezartihat mapy varialionsofithistare possible.

35 Figures 23 to 25, except that instead of chanber 86 and energy source

88, t f)|u“dl ne &éamﬂ?@x@ lé)the coned @db@t‘f@?dﬁﬂﬁ%%e@h@e%bﬁ?ﬁét@gst belt n976
contro e ﬁwﬁg gpég dD eﬁé O resu I n weakeni ng O Supstrate
@fi y

at the outline: be conprised of pixels. 5 Turning now
to Figures 30 to 32, in Fi ure 30 two substrates 103 and 104 are shown

and one out | i ndhigdavention ig¢ Ed?%@@ﬁePfrPfaWBﬁF#'@fmBﬂ“B'@tPﬂﬂ"Wn% apgiasri al
107, to form ausingtliney oiaﬂferé’ﬁtnmekmssbs UHi¢ lattecfeatire cotld\we esut st ed in

e A R T

110 (of paper) fu galign. of mhlch has been printed copper outline 112 (in
this case resenbllng a head). Stack '

It is to be understood that the mark may constitute the electrical path in the
case of conductive products, or some or all of the remainder of the substrate
may comprise the path.

30 The invention also provides an ability to cut the substrate. For example, a line
may be printed onto a substrate and then excited to melt, vaporise or react
with the substrate so as to cut through the substrate whenever the printing is
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of substrates 110 are imrersed in an electroformng bath 11 4. Cathode 1 16
Is inserted as shown, to connect with outline 112. Conpletion of the
circuit can cause weakeni ng of substrates 110 at outline 112. O her

addi tives ting agents may be added to bath 14 or at es
110 if desioé'gw Turning now to Figures 34 and 35, subs%&&t‘%@* whi ch
I s backed with insulating (and option28ly thernosetting) sheet 120
carries an outline 122, whi ch has masking qualities in relation to

light. Laser iBqlacs Thus complisatedcuttingaay-batchieved by printingandBe8i cul ar to

substrate 118exdRhjthe stibstrBR torePiuilabledénetbisini¢giddur€e. 122, the | aser beam has
an unequal penetration through outline 122 I nto substrate 118. As can be

16 he ufhs vietdriSutien Rabo bBef ReRRibar coaif B e % MyeMT) LeS (e
_burning or  heneiremaydw: applicable tothe improved printing pragessifangevike Nersg. t he
substrate. 25 | NDUSTRI AL APPLI CABI LI TY It will be appreciated by one

skilled in ts"¢halirmpidvet printing ekttt ABs e ?uléaﬁéletb%nhance@hatin{ﬁé@i al and

energy source_w ll . enabl.e vast .nunber echni gpes to be used in the
process of thgrqsﬁ%ﬁ'ﬁ"ﬂérﬁ"%ﬂiapé THEREPIIPHEPT %fqﬁnﬁnﬁfﬁﬁlgﬁi rit and scope of
the invention._ 30 Further, using at |east some enbodinents of this

i nvention, it Fughesasiwelas printinga mark & is withindbe scapeef the prasgpt ng

appar at us haviR@ntionms prRVideGther Sitftingdiinarking?8aét 8s partdnimbers] 2152 much

| arger nodels than are presently posSible. In

36 addi tion, yRAghs faRcba R UGN R thé Bithat RARY bPIHY frRckSSR

preparation t ) )
37 CLAI wereferred to ahovermanhaugadioeombinatiopbj ect nanuf acture, conpri sing
printing on at |east one piece of substrate a desired

Cross- sect i ongheQtbtestofdhe imvention [kids itself thesprolisioreot "kits™s contdining fsr

Phe out 1 ne.  Sxaic Re8fldE sBl of AbduBles b Witihe detien AlingSnasT 7 o
printing on aweligasany materialg ddo cause weakening of thejoutlines and binding

Cross-secti onq,l,atgﬁaliffggwﬁgg. energi sing the printed outline
sufficiently to cause the or each printed substrate to weaken at t he

out L1 e s TneliiobbR 61458 yRIsHESS Bah B daPATANH oSS tBBL LAR'4' ©
different locations. For example, a set of paper substrates may be printed with
the required information (outline) by a printer. The set may then be sentto a
binder for binding. The weakening step may be carried out subsequently by an
end user, for example.

20 According to one embodiment of the present invention there is provided
apparatus for producing a laminated three dimensional object, comprising
printing means adapted to print a predetermined outline on each of successive
sheets of substrate, each outline being printed on a sheet of substrate with an
ink having a valence different from that of the substrate onto which it is printed;

25 means for laminating successive sheets of substrate; means for subjecting
each laminated sheet so printed to a collapsing induction field, the intensity of
the induction field and the nature of the ink on the sheets being such that the
heat generated by the induced current in the ink on the sheets causes the
sheets to be cut at the areas printed with such ink, thereby defining the object

30 or waste material surrounding the object.
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a) printing on at | east one piece of substrate a desired cross-sectional
outli ne; b) bi nding the printed substrate with at |east one

ot her substrate, to 15 forma stack; and , c) appl yi ng
sufficient Iy the printed outline to cause the or e

printed subgvtgrsa?ryn%‘g weaken at the outline. 4. The pral?%é@?wg?"g? med in
claim 3, wherein the energy applied interd@ts wth the substrate
or the outlin e The process clainmed in any
one of clai mseqé‘%g éég\%%éégw‘?@%m&qs% : chosen fromthe -
group consisting of woven nmaterials, non-woven materi al s,

cel | ul ose nat dnithe drawidgs,rfjauries fftotfr @escribe thé produttien of admamatedaotn;ect inn
claimb V\herelé"bcbhpan%g%{ \Aﬁ%eprbéeéyof(iﬁé'gﬁl‘eﬁﬁoﬂaper 7. The process as

claimed in clalm erein strate conprises a 25 single

Jayer of mate psen fromt r.o car bon

silicon chi p WH{]@? B’ano‘f'e‘f’g? ?lﬁgﬁ %@ﬁg?{ ttrépﬁgtoobe |n§orporq{ﬁge 'bﬁ@:ess
clained in clsdamllﬁtednb)dctch t he substrate incorporates plating

-material or plating material is inserted between | ayers of substrate in the
st ack. he

process cl ai meF gxl.n;]eZ 'saa la??, Vl?dyugrf glsﬁ C?R%rs geletsoﬂsr?gﬁtratecfo s?%enm&%gtecri gbre

st ack thernore tﬁr\?é B* Q% or material having the abi I ity to provide

i nsul ation, reinforcenment, electrical conduction, electrical resistance,

fire Flgatea3 isa ip&an viewfaf adhing chbet aftsubstrate t6 beGsuperiffipospd cndbes
clainmed in cl WF?Q;] Wb®-the outline is of carbon, sorme or all
of the substra es in e stack include or conprise rragne5| um di oxi de, and

energy is ap to.the outlln he sta I n_anmoni
chloride to 00":'&1"53 Eé‘%?eﬁlﬁfh‘é‘ew %Hﬁmﬁﬁgé&%@hﬂ@te&e e\/%{HeHB‘WGHQQI .
11. The procethe shest otBigure 8] ai m 3, wherein the outline is of copper, sone

or 10 all of the substrates in the stack include or conprise zinc and
energy is Figure 54@8'dr@é%—§ébﬂbh?al€éﬁ élbﬁe ti*iallm i’ 6#:%*}% gtack in
sul phuric acid to forma Lecl anChe ce and subsequent |y

activating thegc s _cl d gne of clains 1 to
3, -wherei g [ ong'gi%ﬁésbﬁéo 1911ﬁlstrateht?|P§)J§§tﬁcﬁwn qfaaé‘% eﬂ? er?eﬁ?eﬁ%ubst rate can
transfer to ankmisatedoiracaprdancensth the processofitbeinvention;13.  The process
clainmed in claim3, wherein each substrate conprises

phot osenSIt ti ’lvsaFf dureneas aRiPspectivg vieheobstid emwag«m@hawmﬁéepm@ch@ﬁ med by
exposure to |i i 0 ai erein one or
more of the suBLey ebiegt plms EntBh ARG ERR 7 3 st oBvaliefionth dredeBum

deposition or @bFigare 6of the printing st ep.

Figure 8 is a perspective view of a further embodiment relating to the
invention, while Figure 9 is a side elevation of the drawing of Figure 8;

20 Figure 10 shows a perspective view of the sheet of Figure 8 after weakening
at the outline and Figure 11 is a cross-sectional view of the sheet in Figure 10;

Figure 12 is a perspective view of the sheet of Figure 8, in a different
embodiment, while Figure 13 is a cross-sectional view;

Figure 14 is a perspective view of a further embodiment of the invention, while
25 Figure 15 is a side elevation of the sheet in Figure 14;

Figure 16 is a variation of the drawing of Figure 14, in perspective view, while
Figure 17 is a side elevation;

Figure 18 shows a substrate to be used in the process of the invention, having
a honeycomb pattern;
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15. The process clained in claim1, wherein the substrate is a line or

profile. 16. - The process clainmed in claim3, wherein one or nore of
the substrates is of a different colour fromanother or all the
ot her substr 5 17. The process clained in any one of clains 1 to 3,
wherein parte% &grz]zesaor more than one substrate | SSE4YYHSEo| our
whil e the remainder is a second col our.

PCT/ AU97/ 00794 31 .
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18. The pr ocesfigureaiSshbwstharsubstnsteaf Figure 8 after it has beearprintedjart of the
surface of a substrate is coloured in a first colour while the remai nder of
t he ' j : ) cess
cllaimed i n any RuesR0 P GRS elybodinRete BFairais for prodbiing HEBbRC SRS
carried out usi9ighe MVEREOHN into the substrate by a syringe, or by of fset
printing, xerography or bubble jet printing. 20. The process cl ai ned
in any one of cfigunes 20 to®23shovheneembogdinment of sugh apparatys, Figure 20 beirgg a

uher oin < he. SO PEENBIRE, B el AR fey A PRUR RGN 10

particles, magn@eYa&tioBarticles or electrostatically charged particles to the
substrate, the printed substrate bei ng subsequently bonded to other -
substrates by tFigurmsi23 o5 showh skearid embodiftient off sectpapparatuscFigured3i n

e ek, i seec v secipapy 15
52" e pr oceetond ahisdhetieyich. Folr324 A Blrpcive yipw froh 3BpR8 S°* 10,
nor e subst r at esOmitting sorpe of the ¢owing e Figure 28 and Figire 26 being g side elgnation o

form 10 6fitRe @pbhrangs inFigarera43g appl i cation of the energy the balls
are heated to a tenperature sufficiently high to weaken the

substrate at th |4 e $hi =Y | ' wherein
the carrier bal ﬁgegetrseéerqg%%ggﬁ gé\ﬁzaothm.%nﬁ%%ﬁé@céjgﬁ EﬁsgP %@F"ﬂt ﬁéngé rate is
weakened at theb@i0@ miRasspective yiew and Eigyre & 8$ide elewalipnin any one of cl ai s
1 to 3, wherein the substrate is el ectrically charged, the

printing step iFiguresc28 ahd 28 shbiveafurther embediment of sudh' apparatus CRigugedat oner

to the substratgy et?%? | o e ' outline
i ncludes alter a??'@ﬁ_goé ?@F%ﬁ%@%ﬁ@ﬁ%@%é@% Vfl?l"ee %'89 8 %geisrgg ®25.  The
process cl ai ntfdelpyatiqraipartly braken avayit he substrate is a pool of liquid

and is printed by depositing the outline onto the surface of the |iquid.

26. The procesBigutea3dshows holea stagk of\éwbstratest ay aohss a dhtteryar e coated with
t her noreacti ve adhesi ve and bound by application of a hot roller. 27.

The process cl aFiggfb 81 sRoWs Mrde B4REAGS 6f Filfre 3Py iR'seriggund by 30

el ectrostatic fofce or friction.

Eg/eﬁygg/ 88@2%@3@3& §53ws three batteries of Figure 30 connected in parallel;

Figure 33 shows in section a side elevation of an embodiment of the invention;
20 and

Figures 34 and 35 show sectional side views of a further embodiment.

Referring first to Figures 1 to 5, Figure 1 shows a sheet of paper 10 upon
which there is printed an outline 20 intended to become part of a pyramid-fike
three dimensional model 30 depicted in Figure 5. Apart from printed outline

25 20, a matrix of lines 11 has been additionally printed onto sheet 10, dividing
much of the remainder of sheet 10 into square segments. It will be
appreciated that dicing of sheet 10 along lines 11 will enable ready removal of
waste parts of sheet 10, surrounding outline 20.

Figure 2 shows a second sheet 12 on which is printed an outline 22, being of
30 slightly larger dimensions than outline 20 on sheet 10. Sheet 12 is also
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40 28. The process as clainmed in claim3, wherein thernosensitive

sheet s adapted to nelt upon the application of heat are

interl eaved with the substrates and the substrates are bound by
application \Q,égg%ci ent heat to cause the sheets to nelt. 5
29. The proc imed in claim3, wherein part of the stBcHAYY00794

sel ectively bound. 30. The f2ocess clained in any one of
claims 1 to 3, wherein during the printing step a material chosen

from the fol | oRinted withummatrixiefdines (dddividinghauch of the areadfsheeat 42 cuitside -
liquid, gel oro@hise2DintBentdll #uareslO 31. The process claimed in claim 30,

wherein the material deposited is chosen fromthe group

conprising: in n l. t.ivat.i magnet L cal,l . .
electrically, éH@'hetg(aal |§/s %‘ a@dﬁﬁéurﬁ;’ I isggntgfg\efgﬁglﬁg@}"'ialhﬁ?‘ﬁ‘r%fd'néﬁdpd?
ultra- simjiantcamiptrix ofrlings 48iin Figure 2pfor axemple: hBigyes 4 shows\whees 16

X-rays, Or 5 having pﬂhﬁﬁtdﬁmmﬁh@ﬁtm%i I.1-,_15 32. The process clained

in claim30, erel n the material deposi s chosen fromthe

“group conpri si el pctr.o- tl I nk, A1 xXtures, co unds,
gol I gi ds ,rrpaggr Eg&'i BE?U%B?%@@WE{‘C‘%%? P’E{d’%t&- ,31 Ad®d | ceranic,
ggglnet ic Ioart i taspectivaly,yeaeb vois beieg saccessivelyjargpetian therlgstila thecase af |

i ol ogi cal mat [ €5in9, t @Ei Al
Pefl oot ve | nicohedty 12, PAERA 6 b BOf inps T, €5 e 17 RSB IR bieflbnded
materi al depos|fQ e Wid$osen fromthe group conprising particles which

are photoel ectric, photovoltaic, photoem tting, |um nescent or
radi oact i ve. 10 Durig maritifactprecanssia accardande withctheipro&sss ofitiee friventios, shdetr i al

deposited is c ; | 6106 '

am mo- subst | tut o1} apineted aver HigBb of habOl shBSPI4 B I8k Ed BOMeTto ot s |
conpri si ng quaF'P%eté‘lzﬁa/ &geet 16 is ipminatedover thastep ofishesbddi Thewast® 30, when
d_eptendent ?n Civeterizd in vbids @i8n19/24 and 23 Iamd stiproandink M%bﬁﬂﬁeﬁ%@ﬁ Q'Q?S

m xtures of cr L . . scharge, .,rom an
outline on oneéétt?aét% rsgig ggbgqgé@%i\ée?%ﬁgéﬁgf%h?et IS lammatedswggrr%& tWpon

t he appl i cat ¥feaspniahéhe destiyctive force applied to each sheet which severs the outline

PCT/ AU97/ 00794 in each case from the remainder of the sheet.
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36. Th R | : -2l i ted

ool udes T 0 CFRus 8 Bl e ShrBbdnidneitiig SRidle BToed! TR sfERRR sl o
formthe iron the ebieetdn Figure 5 aregxaggeratedios thexpurppses of gigtorialhe process
Froma sen coniioroniagord Eprichde, & pyilfide Sojbhtofatidut 100kt ih height mog L 7o
ot rad i n a2y beseRlpri8ea 2 nindieph S Shagls ot Sibetiale. Kooseauenty, the cutine of
conprises or c6aehpuccessivel shwetwoulddifferdromi the immediatdly prevedirig oresband t he

outline is pri Eémépbbﬂlfﬁ%ﬂu fidefo 8 X AnMingy@ne fromthe substrate |eaving
nol ecul es of the inpurities to formthe outline. 10 39. The process

depost ted out | Taa Rk ESbLS 4B suBremte Y for BiLed hergpn anauting . .
40. The proce$4. Oneaghiside of putiine 24 are inswijatingdineis850anh36.t (A anfaltehmte
out!line 25 congtfictioh/\6utfiné Ba&suldlbd fRpldced WychrfMeaREng ife Whld d to cure
or set at the g diAg 1ines 35 and 36 could be replaced by outlines). Outline 34 is

carbon, while insulating lines 35 and 36 are fire retardant ceramic material. |t

is to be understood that insulating lines 35 and 36 may, in another

embodiment, spread over the surface of substrate 32, to extend to its edges.

30 It should aiso be understood that the fire retardant ceramic material could be
incorporated into the substrate itself.

Turing now to Figures 8 and 9, substrate 38, of magnesium impregnated
material, has printed on it outline 40, from carbon, to form the letter “R” in this
ilustration. The printing step is carried out under a controlled atmosphere.
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41. The process clained in any one of clains 1 to 3, wherein the printing

s 15 effected with the material chosen fromthe group conpri sing:
cells, m tochondria, DNA, viruses, bacteria, maggots, |eeches,
chr onosones white blood cells and sperm 42. The process

clained in MR8% 0t claims 1 to 3, wherein the printing PSTAUY00794

effected with living organisms. 20 43. gBhe process clainmed in claim4l,
wherein the material contains foetal cells. 44. The process clained in

any one of cl @)dv§er4br othet Suitable raecaletdit idfedntoisibistrate 38 to resiRirea batning

20ap e Uyl L Tl 81 M e v s 1,

to be forned
process cl ai meempyedframths whale thickness of substrate 38s leayingsa podiperd2ur@s 25

in a pre-det ey d Resit | nd the
_printing and lglglr'ﬁ? |flﬁ‘?é%% o Hﬁn%ib@frgﬁ ké Ou%ysre%glt!\?e%gg&fﬁg 3%y t he
printing mov&&q %gﬁnh"p y&B@?‘f'ﬂ? Quf'ﬁg wgg ngsep he fesult of this

PCT/ AU97/ 00794rocedure will be an object shaped in the letter “R".
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46. The proc%&i@t@@@'m Figdfés S’Hﬁ?gfwéje% f%r eseQﬁq . 8n a%ﬁg.ﬁebst rate
S c{\g ﬁ mzf erl a lchos ¢onsi's
el ectropl at i n§2 wers to € CarpR.JBheXAmp ﬁgs‘ﬂﬂlﬁ?tm toan G‘QHP'(‘,OT‘

conmpounds, i ndielgbwould weaken outlireo4( e ikt it could bes&palfatéd fromi substieltd 3®r gani ¢

c1 oot 1 oconbd thq yitndut cuting ESAPRIAT oG Sbdtere R bR SEBRRYF ElatFa &) Ger

material, electrosint aﬁa material, pyroelectric material,

phot or eact i ve IR&IGHeS 14 8RS, substrate 444 made of sutable orgapicifigresand nat er i al
which is adaptotﬂnmaaxstpmdifrbmpper Chg48id hﬂerﬁdéd:mcmtame BRAcHMedty one

f cl 1t ted t t
an anade.or_cdiyAadicaSalygl g heinioct e ure BEEARR 42,680 a1 .
energy is applafégs 4P and 47 orThe energlsmg of sutlisectfi fromyan electsical saucee (not
deposition ab shewd)cah cadsé heamg of tne dutlineessk aid blfhing of substratéwbﬁi {h%t e at

the outline. g ces Lned in.an

wherein print |cfll'é| 'litg;_%e%’t %8‘(‘8 rW‘Wﬁgﬁq A "}faﬂgﬁ’??%?ggst he
substrate, the_unmasked onprising the printed outline.
50. The proce‘s!gurgﬁéuﬁr@'df maempa%ﬁdlydhe@amw Figuees314 ane18i exqept thatng i s

ef fected by nawbsidligs 48Rmd 300 aredshawitand e sHpR oftdiflinepsd R ﬁ{ﬁé"diffé'ﬂent

conprising th BCeSS cl ai in claim49 or
50, wherein tﬁg@p’a%(%%gﬁg%hb{%@?%aﬁ@ps 48%n8 vggugn,eepge ge Suppomed  The
process cl ai2fey ame&neasmncofsuh@raﬁeﬁ%mdaycsnmelommemse(sot showrg. st ack -
which is gas permeable and the weakening step is effected by gas-borne

depOISI ti 02 of InFigureals, enbsmemznshﬁaumd hétee coﬁ‘?: Sthacturblet fiBfqgess cl ai med
in claim a Sl a S
li quid pernea éﬁhﬁh% é)%%@r}%é!ﬁyﬁg&m}ﬁ m%dgﬁgstrqtﬁdﬁdh”gﬂas a
borne deposi t i Riurality ofdroseyeomb lelemmtpmnt&:bsfme 18 és mounted on a thermo
setting film base 56 to enable substrate 52 to be joined to another substrate
25 layer if desired.

As can be seen from Figure 19, certain of the honeycomb elements 54 have
been printed in the shape of an “R". in this embodiment, printing is achieved
by setting the resin in the chosen honeycomb elements. This setting can at
the same time enable the unset honeycomb elements to be separated from

30 the set elements, so that the object 58 results. If it is desired to bind substrate
52 to other, similar substrates, this may be achieved by heating film based 56.

Turning now to Figures 20 to 22, apparatus 60 has a web 62 of paper
substrate 64 which is fed under guide roller 65 to pass beneath laser printing
head 66. In this illustration, the outiine 67 being printed is that of a V8 engine
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54. The process clained in any one of clains 1 to 3, wherein the energy
applied to the printed outline is supplied by a source sel ected fromthe 30
group conprising: electromagnetic radi ation, mcrowaves, radio waves,
oscillating current, a direct current, Ilght heat energy and § @Pm(?cial s
43 55. mgﬁﬁz ess clained in any one of clains 1 to SPC'WI? t he
outline is printed by beam ng g4stream of electrons at the
substrat e. 56. The process clained in any one of clains 1 to 3,
wherein the en&:rcﬁy Substrate 64 bearirig autline6T (andnditingdides for waste insaterigiphoted by

bear ng a st rn,‘%ﬁg]\rlﬁ B?%eﬁl]&?g ?ﬁ%n%tronﬁ 6? lCﬁ g&né}é &él@ﬁClngt IJHICP&N%VG 57. The

process cl ai
ener gy- sensi t ienergydoexcite outige 67nd qjﬁlbg élggs (nodshewn).sodhst Q!-ﬁb;ﬂa)@?' Bains 1

thereto o waspnaan *’3’3‘?““"“‘9 e ot 64, O e o .
‘both steps s? %Bf"f‘gﬁé‘g% k78 onl%@% Hﬁ@%}?ﬁfbg%r%?%q ﬁ@@weﬁeé;'ﬁ&/pone of °
clains 1 to 3acobrelaace vmthereqmremmxs) sThe remainder qjmetémftgm ahichneutlime i nk
. capabl e of Caréﬂ%d?ﬂwaé‘te%%hél' oFéHcfv@'rQJ:a@@% Eﬁ%eve , winds &ﬂg 6&kr¥%e

supplied by an electric_curren ne.
process cl ai meeide rolless figdt a ggésﬁﬁ inecontypbef Véﬁ?ub ﬁhk contains 15

al um ni um 61. The process clainmed in any one of clains 1 to 3, in.
whi ch t he out ITursingsow to Figures 23 te@5, ircthis gmbodimend].instead 62a webthef pr ocess

clained in Ghal s, 2siathYrSlLBsdlEs 78 ListioRe DYPEIE 72 RY each sheet

beam ng one or trate in a vacuum 20

envi ronment . of SUQgrateﬂﬁe'sﬂF%'é9§ the slagkt sdrawa;(By geangRetshawinendes nt i ng
and weakeni ng grinBiRg head 78 and riler 8Gand betvaen duidetdliers 8 and®2s Althoubh

t f el 4.

ol ot e i - of ARS8 yate 76 mﬁ%ﬁ%ﬁ%@ pgt shouff saerk Hap" 0ccsS
outsi de the vaamentoned sughemeans as etastncalmaps.dbewe(qfanrm the usawfone or
claims 1 to 3, graliey itnk Staek Briics. lrﬁtﬂls &fbodiment, substafes?d is\apard t he

f?gﬁt r ate is aa\llll(neg a?ayer 05‘ al%mlmu!'n omde yfo )Pample, anci1 insulating maten% 3 ne t °
i mproved pr oceiasulater edcinshest ofisutistrate fromthé atackr dhei |n&hlatu1g1lgyehmaytbeps
of : thermo reactive plastic for example. Table 77 is raised as the stack of

substrate 76. Each substrate 76, after printing with outline 84, passes under
20 microwave or induction field chamber 86, in which a standing wave is set up

by magnetron or other suitable source 88. Outline 84 is thus excited and

substrate 76 is caused to weaken at the outline, producing, in this case, a

layer for a V8 engine block. This layer is bonded to previously made layers on

table 89, which is progressively lowered as the block is formed. Cowling 80
25 and 91 in Figure 23 has been omitted from Figures 24 and 25 for clarity.

Turning now to Figures 26 and 27, these illustrate apparatus of the invention
which enables the printing onto liquid. Consequently, substrate 92 is a layer of
liquid, such as catalysable resin. An outline 94 is printed on the surface of the
catalysing resin by bubble jet printhead 96. The orientation of printhead 96 is

30 adjustable along track 98. As outline 94 is printed, the resin is also set. The
printed substrate 92 is then drawn across to stack 89 supported on table 100,
where substrate 92 is bonded (for exampie, by exposure to light) to the
underlying stack. Table 100 sinks correspondingly into the liquid of which
substrate 92 formed part before setting.

35 Tumning now to Figures 28 and 29, the whole of the apparatus of the invention
is enclosed is a cathode ray tube 102. The apparatus is similar to that in
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a) - printing on at | east one piece of substrate a desired cross- secti onal

outline froma first substance; 5 b) printing on at | east one other
substrate a further desired cross- sectional outline froma
second substance _capabl e of reacting with the first substance
to result in™ ?}g i on or an expl osion; c) causi MgFANITHEMRi tti ng
the first substance to contact the second35 substance; and 10

d) permtting the conbustion or explosion to occur or activating the
conbusti on or Eigpress2dto 26 exceplithatinstead ofehamben8t andenebyy scurse 88, -

the substrat esoﬁtﬁné“@@‘f@@x%dt Q#Fdri &ﬁnb?]rdmé?ﬁ the%?eétfa?{scﬁé‘?r?g B&il@l%ﬁ f or

| am nat ed obj eg u ture, udi n

printing on at! ']&%ggﬁ Eﬁépﬁ‘[t?fem @ﬁ%ﬂ‘dg%kq“?%f"?g@ﬁfﬁg " the gutine 84.
secti onal out| Dadiner8dnmay becomnmprisat) of pixels. capabl e of reacting with

the first substance to result in conbustion or an expl osion; b)

overlying the § .th?ﬁd AW t%%rﬁﬁﬁoeﬁ% :Hﬁ Q%bqgvo"gl}t{étrgte%eﬁﬁgnqngﬁ are

subst ance capab e reactl n substance
conbustion or SHPWXAN 9“8@""""9106 Al af@)'mmﬁfﬁﬁ%llhg beth ptelactrelytigmetariati r st

subst ance tohc¢0‘!atotfomiile battennt08. Three such battene§§¥§§m¢com&ted in d)
permitting the occur or activati

conbustion or g§p§gj§ﬁ%#&§?q awg%/%&% tﬁaq{fé'F&ﬂ?& WPrF@PESﬁ“’-@A%EFF?d’GbS‘

the substrate F Ren at the outline. 68. The process clainmed in
claim3, in whlch the bi nding step is carried out before or after

}3 g% R ua g; IO 8 %{Z Sepwn in Figure 33 is a stack of substrates 110 (of paper), on some of which
Recei ved 19 Fe B?ﬁggen fgg@d copper outline 112 (in this case resembling a head). Stack 45

69. The proc e§§3®$ﬁm11ma@1mmﬁf§e®fn an elestroformingbatiidde Gathbde 4dBst r at e
e 10 of LTItk bt i1 oot BTG,
level s or by dFfPSAYER W %@E“%PF%&S?@ {ﬁogteqqt@'ﬁ ﬂﬁe%@r&qqlt{y@spr
weakeni ng. 15 welting mt$mmmmutamath ™4 of thesutSstratesS5010 ifldesizéd) t he

masked portion also acts as an insul ator. 72. The process
clained in anymﬂﬁng}ﬁo@té résB&aﬁd 36h§ul?étfbtéh%oﬁ ﬁ:ﬁng ck dWItrl substrate
has two opp03|ﬂ% {trTE the SubSE ot 0 i s
printed on bot Hf%’ Hy thermp§e ing %h?ﬁtc;@@s%arﬂ?%?ﬂ@é!ﬂi”ﬁ @2ai m 72,

wher ei n t he weabigh I'ray maskmg qualitiestim relation to lightp hasemspustel ¢34 directs & - The
process cl ai megehmh BN ZY, petpinitulart® sdbsttdlE19'8" Bd¥au8E of #d brofile of
20 outline 122, the laser beam has an unequal penetration through outline 122
into substrate 118. As can be seen from Figure 35, the result is an angled
excavation of substrate 118.

As will be appreciated from the above, this invention includes the burning or
other destruction of the outline by way of weakening the substrate.

25 INDUSTRIAL APPLICABILITY

It will be appreciated by one skilled in the art that the selection of substrate,
print material and energy source will enable a vast number of techniques to be
used in the process of the invention, while remaining within the spirit and
scope of the invention.

30 Further, using at least some embodiments of this invention, it is possible to
produce low cost rapid prototyping apparatus having low consumable cost and
capable of generating much larger models than are presently possible. In
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substrate is a sheet of carbon fibre, the or each outline is printed in 15
magnesi um in an oxygen-free or oxygen reduced atnosphere and oxygen

is fed to the or each outline. 75. The process clainmed in any one of

claims 1 to g, in additional material is added to the object
during manuf At UrE 76. The process clainmed in any onePEFAUPIORY 1 to
3, wherein additional 20 material is added to the object during the

weakeni ng st ep. 77. The process claided in claim3, wherein during or

after manufactyre the bji,ect,is caused to conpact. 78. The -
process cl ai négd'ﬁﬂ"'c'f‘aﬁ’ﬁlﬁ an %@P@F?Pq ﬂ\?"%fﬁﬂé@lf and regy ges\ﬁl Rraparghierto

| i nes or weakhesisesblen the interior to assist in conpacting. 25 79. The
process clainmed in claim77 or 78 wherein the object is nmade wholly or
principally of cellulose.

46 80. The process clained in claim3, wherein the object has a cavity,
fine particulate material is inserted in the cavity and pressure
is applied to force at | east sonme of the particulate materia
-into the object. . 81. The process clained in any one of clains 1 to 3,
wherein the printed 5 outline is of first and second types, the
first type having an el ectronic charge different fromthe second
type. 82. The process clained in any one of clains 1 to 3, wherein the
substrate is formed as part of the printing step. 83. The
process claimed in any one of clains 1 to 3 wherein a plurality of 10
printers produce the or each printed outline. 84. The process clained
in any one of clains 1 to 3, wherein sprues or channel s are
formed in the object during or after nmanufacture. 85. The process
claimed in any one of clains 1 to 3, wherein the object cont ai ns
one or nore electrically conductive paths. 15 86. The process clained in
any one of clainms 1 to 3, wherein the object cont ai ns one or nore
el ectromechani cal passageways. 87. The process clained in any one of
clainms 1 to 3, wherein the substrate is paper having a | ow

m crowave | oss characteristic, the outline conprises a thin
narrow fil m adapted to be affected by m crowaves by exhibiting high 20

m crowave | oss and sufficient mcrowave energy is applied to weaken the

substrate at the outline. 88. An inproved printing process, conprising
printing (as herein defined) on a substrate and treating the
printing to forma mark (as herein defined). 89. The process clained

inclaim3, wherein fire retardant ceramc material is 25
incorporated in the substrate or added to the substrate and the outline is
printed with carbon.
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47 90. The process claimed in claim3, wherein the subgtfate—s—a—shest—
of magnesi um i npregnated material, the outline i¢ TS SHEHTiHAS BEEN
car bon under a ~control | ed at m)sphere and the ener gy taREi%LAﬂEB

form of oxygen. 91. The process clainmed in claim3, erern e
outline i s YPP¥#%e® in carbon 5 and the energy t ake PETAPFO0 of an

I nduction field. 92. The process clained in claim3, wherein the
substrate is made of organic i bres, the outline is printed in
copper and the energy takes the formof an el ectric current .-

93. The preb8MSciained in claim3, in which the substrate contains a
plurality 10 of cavities filled with an unset resin and printing

t akes pl ace1by Aseiniproged pocess for objectmeariufacture; cosprising\printipgonat  94.  The

process ¢l al Meqedd) ohbdi %&e?o%édbﬁwai{é‘ delifed bk L iBctiondl Glifpbffd Of Pi xel s

and the energy 1S pro The process
“claimed in any aPRYIRG su,ﬁfanenﬁenergu tathe.prnterd Quiling tospuse thesoreach ¢ eat ed

to form as wo dubBetraietdaledientdtithe odtiimensi onal pattern on a surface
. of the object. 96. The process clainmed in claim49, wherein

destructi onyof Ar?ﬁnnr%wa ?ﬂjo&‘églfbﬂﬁmnated gbject; {n%nﬁ%?ﬁrg?c&ﬂqﬁﬁﬁ%r ate |ight

of sufficient rocess
clainmed in cl amnr@nggmﬁtlaaﬁf.smg/ofagnﬁ@bsr af pieces plubstrate 3 desired

reference to Figusssedticnal butline Sindifg the suBstiates.and app®ingsbfficlertr 14 and 15

20 or 301 3738red?é%ﬁ%ﬂ%&“%ﬁ?39&@95238%%%9%?%’%&?F’P 8‘5‘9&"235352/51 o

obj ect matle by eutlner ocess of any one of claimns to 96.
| am nat ed obj ect made by the process of claim3. 25 100. A printed

substrate ngde fhe pleeBs eRmmed M crimi1Br3Bwherein thelsubSfraRy i@ papef.or produci ng
an object, the apparatus including printing neans for printing on

at | east ong supsiral hea%sgfagec?élﬁ:@eﬁ lﬁrc%?rﬁ 15%8 Adhe Qﬁ'ﬁéﬂd@% ﬁnses a

energy generation ns suf ent ener élug e printed
outline to caus%ﬂglﬁéath%tﬁéalt@%alf@mﬁleQl’ﬁ!épégﬂﬂﬁ ofcarbon

PCT/ AU97/ 00794 metal, sificon, chip and materiat of lattice construction.
Recei ved 19 February 1999

ot ntt g ohe pEOBREE el ih BRAZ, FRih Hio subolfan R iu Scos. 3?' "
substrate a desplaﬁng masgrsalgcp_latmamatmal isrieserigdratwgendayess eigsubsirate ng the

substrate and epghgstdskier ati on nmeans for applying sufficient energy to
the printed outline to cause each substrate to weaken at the outline.

}23(3 Appar atgls ffe pheidlEls Liaihbd iftibitt 20Whd i € IFhBiubBS iPfHeNt | N9 Means
subgtrate stack material having the ability to provide insulation,
20 reinforcement, electrical conduction or electrical resistance.

7. The processes claimed in claim 2, wherein each substrate comprises
photosensitive film or paper and the outline on each substrate is formed
by exposure to light.

8. The processes claimed in claim 1 or 2, are in the printing step is camied
25 out using xerography or bubble jet printing.

9. The processes claimed in claim 1 or 2, wherein the weakening step is
effected by the application of energy to the outline.

10. The processes claimed in claim 9, wherein the energy takes the form of
heat energy, high frequency heating, microwaves or electromagnetsc

30 radiation. T
et Has Been Replaced
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phot ocopier or printer, in either case connected to a co p’pﬂgrspemam\s BEEN |
instructing the photocopier or printer to print the prede}erm igg apehi ne.
104. Apparatus as clained in claim 101 or 102, wherein t hbe—ehergy
generation 10 means conprises a | aser. 105. Apparatus for
produci ng a YP#Ed t hr ee- di nensi onal obj ect, includi ng: PCTAUI00794 )
printing neans adapted to print a predeternm ned outline on each of

a successive sheets of substrate, each d8t1ine being printed on a

sheet of substrate with an ink, hayi a val ed| fer nt, from i hat of- 15
t he substraté”o?l‘hbem"@ﬁs Flaimed ig,qigf Y -in Which ¢ eb'"é'Bssewﬁ&ﬁ?% it

| ami nati ng succepeforethelmrinting sfepsubst r at e; Cc) means for

subj ecting each | am nated sheet so printed to a col | apsi ng

i nduction fiex, ﬁ@ rdd%% éléi}héaflntcm?nf‘l‘éﬁ’@tlh%lé , &t ther8ikinb fifhe as. the, 0

nature of the |n tf cﬁets bei n sucE 't hat t e he? eper at
by the induced c@¥ '@ﬂis P‘H‘? AInwgRY akaround tae Qbiee

be cut at tpe argise printed.ed with such ink, thereby defining the Obj ect

.or waste material surrounding the obj ect. 106. Apparatus as clained in

any one of cI plurality of
printing nmeans. %%c}%c@r us su stan?ﬁal I y as herein described with
reference to gdes 2 %1 or 23t g 26 and 27 or 28 and
29 of the acc@rp aw—ﬁfdg.adebv RBIOCEFR0 'B'Hé s clainmed in any one of

clainms 1 to 3, whereln the substrate is mul til ayered. -

PCT/ AU97/ 0079%5. An improved printing process, comprising printing on a substrate and

-Recei ved 19 Febr 49
109. The pr ocess“% %eﬁ%g?nntm ;?fr%m8a \ﬁn‘é?gf‘ﬁm{%geﬁ??dﬂtl ng is effected with
l'iving or gani smns. 110. The process clained in any one of
clains 1 to °3 wherein the outline is seeded with crystals and the
substrate is lowered into a bath of crystal 5 growi ng sol ution so
that the outline grows and weakens at the substrate. 111. The process

claimed in claim3, wherein the outline is printed in
el ectrically-conductive netal, the stack is imrersed in an electroplating

bath and an electric current is applied to the outline. 112. The
process clainmed in any one of clainms 1 to 3, wherein the substrate is 10
printed with a material chosen fromthe group conprising a killing agent, a

hor none and a gene shear.
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