; z{e3ea™"| 4%6 Tr?QD~A~~AW-A 1 A HEATI TUS FOR FORVMABLE METALS Field
O Invention The present inventi mmmmm@ﬁﬁﬁgﬁeral ly to a heating apparatus
for formable netals. In 5 partic ention relates to a
progressive heating apparatus and netifd®* f or heating formabl e netals.
Background 10 Metal s can be fabricated using a variation of techniques, for
exanpl e form ng. Depending on the characteristics of the netal to be
fabricated, some geﬁghq;lﬁ@gp@?mgsrmﬁq%mAggﬂ RGN - heating before
substantial form ng can be perforned. 15 Conventiona , a work-piece nade
fromone of these netals has to be placed into a furnace prior to being
fabri cat e?. %:I ﬁwevc-ir this is a time-consum ng process that does not neet
t he high s 9(5 Bﬁet“ lroo.z,"qui renment of a production line. The use of a furnace
for heati Tge pRséienvitibn RIQELgdrRrdllyT8 aGRAGH A faratdd ®r Piffdbleahethlsansf er of

t he work-pi ece between the furnace and a formng machine is inefficient
when sheeperfigulzn thediventien relgisedo al Progupyvry heatipgoanpetatusnand method for

Al ternati ) i the form ng nmachi ne can be pre-heated before
form ng tﬁ%hﬁﬁfgﬁﬁm%g%ggkf, t he unevenness of the face of the die that is
used for conducting heat to the netal will result in non-uniform
tenperature distribution throughout the portion 25 of the netal to be
formed. Thermal stresses may be established in the die as a result of

t enper at ugg 18 3dhgnNt s across the work-piece, which may lead to a short die
life span. ce, this clearly affirnms a need for a heating apparatus and
met hotd f oMettatproani beg f@Michted ywirge heedriatign pefoebsiqods, dof @xampleefommirgy. .

L1 ~wWA~~I 2 Summary A pre-fabricated work-pi ece nade of formable nmetal is
usual |y pPERAIIE AN 6 FYaiEkriReRl Hher BERH o healPREHAC 1972 TS R of t he
wor k- pi ecgxaniile 2fiagh@im,S S6QRRs PR AAANST bdthR WRbdtaiafCrintge@hegeas wel |
t hrough conducti on. Consecutively, when the second 5 portion of the

wor k- pi eceetigatedd, only a short period of time is required for the second
portion of the work-piece to achieve a required tenperature. Therefore, in
accordance wth a first aspect of the invention, there is disclosed a

heati 1) appaventidhal o AP orkipidhe mbitcafrévaaine F thdk imdtAls had R id Eﬁcamn@dmunt ~of
heat to a first portion of a metal, the first portion of the netal having a
current t &irpeacaprinteodiving Ebnigatedsiloverves this is hmeroegsyisetriresess shat

t enper at ure. t i ensi u nt.. er t he
first porfi ?egnﬁogpﬁ %gﬁ%t@l tf}lr({'ﬂ%ép@e%ggreg?%?g)f% r%%s'ﬂﬁlé)éﬁm%hi ?ﬁ‘%({)lr?e §€ Bduci ng a
current 1furhsuerfer Matihg upitirabrk-gipceis einicedony@midly. tThe need feentansfenpthat ur e of

the first portjon of the
w%rk—piece between the furnace and a forming machine is inefficient when speed is

20  required, especially along a production line.

Alternatively, the die of the forming machine can be pre-heated before forming the
metal. However, the unevenness of the face of the die that is used for conducting heat
to the metal will result in non-uniform temperature distribution throughout the portion
25  of the metal to be formed. Thermal stresses may be established in the die as a result
of temperature gradients across the work-piece, which may lead to a short die life-

span.

Hence, this clearly affirms a need for a heating apparatus and method for improving

30  the pre-heating process of a formable metal.
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metal ; and a transfer apparatus for renoving the first portion of the netal
away fromthe heating position. 20 In accordance to a second aspect of the
invention, there is disclosed a heating apparatus conprising: a heating
unit for applying an anmount of heat to a first portion of a netal, the
first portion of the netal having a current tenperature and being
positioned at a heating position, the gmunt of heat increasing the current
tenper at uggmpfaryhe first 25 portion of the metal and the first portion of
the netal conduCting heat to a second portion of the netal, the second
portion of prodabrisated mkﬂgecadjmicmftfomtﬂmmetaﬂ issusupldy plamr ofd ¢lbagansk al ; a

t enperatu trans ni for..sen e.current. era of the
T o s SEoty Bin A st i SR o S i el e A pBad ofy o
current tgRRERIpEC 1@&@&@&1&@%&5@5%@1&%@ @Bnééa@tlﬁdly I'@idn thesgeehdt ur e of
the first portion of the nmetal; a controller for det erm ni ng an anount of

heat nceBeHpy of the vegskiniessthieaind.ranly mshareperiods timexis reqvired forrtbesecoadmer at ur e
of the ”Eg&%oﬁﬂfﬁ%e rk%éc% tSQ&L@JerEBreh&rrégd[éﬁkeﬁﬁler tenperature; and 3 a

transfer appara us renovi n rtron of the netal away from
t he heating position and posi tioning the second portion of the netal at the

heating position. 5 In accordance to a third aspect of the inventjion, there
i's di scl odBereforaeint 35egrdaneewethcd dissti aspery afribe §9&fp§loaar theggy iy ¢isplgsedna ampunt

of heat tgq ROLLPAsiRE: @ metal by a heating unit, the first portion
of the rreteﬁ% %awénrg a cu?rseln%' tenperature and bei ng posi tioned at a heating

posi tl(bn 10 sazlhsatmg urﬁefocupplginng anenpemadfiheat o6 atfivst forticat oiba)nte'ta(b,rthe)f t he
net al % erat re transducer unit, the tengaﬁngture transducer unit for

produm ng & oF sl ey B Ect GHETPH, WRIPBHBHE 2 BB PPHHORSY o
t enper at UE@atﬁ%p()Eﬁoﬁ,l rst portion of the

a temperature transducer unit for sensing the current temperature of the first

portion of the metal, the temperature transducer unit for producing a current

15  temperature signal representative of the current temperature of the first portion of the
metal; and

a transfer apparatus for removing the first portion of the metal away from the

heating position.

20 In accordance to a second aspect of the invention, there is disclosed a heating
apparatus comprising:
a heating unit for applying an amount of heat to a first portion of a metal, the
first portion of the metal having a current temperature and being positioned at a
heating position, the amount of heat increasing the current temperature of the first
25 portion of the metal and the first portion of the metal conducting heat to a second
portion of the metal, the second portion of the metal being adjacent to the first portion
of the metal;
a temperature transducer unit for sensing the current temperature of the first
portion of the metal, the temperature transducer for producing a current temperature
30  signal representative of the current temperature of the first portion of the metal;
a controller for determining an amount of heat necessary for application to the
metal so that the current temperature of the metal substantially conforms to a set-point

temperature; and



metal ; and renoving the first portion of the nmetal away fromthe heating
position by a 15 transfer apparatus. In accordance to a fourth aspect of
the invention, there is disclosed a heating nmethod conprising the steps of:
20 applying an anpunt of heat to a first portion of a netal by a heating
unit, the first portion of the nmetal having a current tenperature and being
positioned at a heating position, the amwunt of heat increasing the current

tenmperature of, {heeell fshraRQ fol Ritfind e AP Wi dr iHaGndthl fhayPR6MIRE Of the
P PLof et

met al conducting heat 'to a second portion t e 'second portion
of the nehatinpepasgioadpat @ositibning ke fsecmtd portiohoof #fe ofetdl he thetlalatingensi ng
the current .tenperature of the first portion of the netal by a tenperature
t r ansduceP°SH% | the tenperature transducer for producing a current
tenperature signal representative of the current tenperature of the first
portion of the netal; 30 determ ning an anount of heat necessary for

appl i cat i bnaacordahee toea dirdogspactodithe aivieatiors dherhas distlesesia heatingtraethed at ur e of
t he net al substan%ni ak:l onfornms to a set point tenperature; and 4

renmovi ng THEPHTISTCS P%{Pgn of the metal away fromthe heating position by a

transfer appar giphping andniost bf ik RYa FiR@ poatanél Paktal 89 aHeatif uikttae at the
heating position by the 5 10 15 20 25 transfer apparatus. Brief Description

Of The Dr bt hgetigmnpbehenmstad hayinghe cpmeniemparagire agdsheaing pesitienedi #atter with
refer encehéa(?ing 8Si{i81!1'| owing drawings, in which: FIG 1 is a front view of a

heating apparatus wth a first portion of a nmetal positioned at a heating

posi t1ln and asgnaing tife cumehtctempgrapirat e then fastc posienpoithe anctalFbs a2 is a
pl an view of the heat(@1 n% ag,[t)ai‘at us of FIG %l; and. ,
temperature transducer unit, the temperature transducer unit for producing a current
temperature signal representative of the current temperature of the first portion of the
metal; and
removing the first portion of the metal away from the heating position by a

15  transfer apparatus.

In accordance to a fourth aspect of the invention, there is disclosed a heating method
comprising the steps of:

20 applying an amount of heat to a first portion of a metal by a heating unit, the
first portion of the metal having a current temperature and being positioned at a
heating position, the amount of heat increasing the current temperature of the first
portion of the metal and the first portion of the metal conducting heat to a second
portion of the metal, the second portion of the metal being adjacent to the first portion

25  of the metal,

sensing the current temperature of the first portion of the metal by a
temperature transducer unit, the temperature transducer for producing a current
temperature signal representative of the current temperature of the first portion of the
metal,;

30 determining an amount of heat necessary for application to the metal by a
controller so that the current temperature of the metal substantially conforms to a set-

point temperature; and



FIG 3 is a front view of the heating apparatus of FIG 1 with the first
position of the netal being fabricated by a process equi pnent, a second
portion of the metal positioned at the heating position and the pair of
conducting plates in an open position. Detail ed Description A heating
apparatus and nethod for addressing the foregoing problens is described
hereinafter. The heating apparatus is eferably for heating magnesi um

char ot or i ot i creriiatd BRCARrpolBAE Y Mo S b RE B RSHERNTE, 1

t her ef or etramssfet apberamisywidght is an i nportant consideration, for exanple as a
material for fabricating nobile phone_ covers. 30 Magnesium,s relatively
soft and has aPPBUPTEP&LRG Eeqopd naidonigl thometal aidhe Jspiane pputen Bxced (HCP)
crystal ShﬁMﬁ&%&gmahQMEV9r1 magnesium and its alloys are difficult to
deformat roomtenperature and only small degrees of cold work may be

i nposed without annealing. Mst fabrication of magnesiumalloys is either
by casting at 5 tenperatures above 600 degrees celcius, warm form ng,
super-plastic formng or forging at tenperatures between 200 and 350
degrees c@rif DescriptfornOfThe DraRPaisat Us used in conjunction with processes
for warmformng, super-plastic formng or forging of nmagnesium 5 An
enbodi menEmbodinggaty pfethei syvention aea idesrridep ahareinafi@owith dadfesn¢ddel thet h
reference : 1. .ch..shows a front view of the heating apparatus 20,
and FI G E?RVﬁ$éﬁm§%nwphﬁwg gn vi ew of the heating apparatus 20. The
heati ngg apparatus 20 conprises of a pair of conducting plates 22. Each
conducting late 22 is bl gck-shaped and has a 10 netal mating face 24, the
metal nat Hg ¥ wcaefront iy Rf 2 heating apramatiswifye st pertionafe motahpesitionsdi r  of
outwardly i I r I .to the netal

mat i ng fa%@P%%ﬁhggﬁ h§§?$$§s%¥gﬁ%%@?ﬁgﬁbgﬁﬁﬁﬁ?gﬁggnggbgﬁds from one side
face 26 to the other side face 15 26 and having a central axis being

general ly rallel to the netal nmating fa : ch heating conduit 28 is
shaped anHPﬁ'iﬁﬁﬁﬁl%gawtgt%%ﬂ%aﬂi%ﬂﬁs ?lé@ﬁz'igaéaerrent 30 therein. A
pluralsty of tenperature transducer conduits 32, as shown in FIG 2,

extends fromthe nmetal mating face 24 through the conducting plate 22. Each
t enper at uFEG1 ¥ srastironteview ofithe heagfig appasitapefiFKhd dithtisfishpasifiar of theei vi ng a

20 tenperature transducer, 34 therethrough. EFach heating el ement 30.is

el ectri came)%}llc%%gﬁlgbca‘?eg Eycaorﬁ)f?cc?ﬁ &Y H’SPEs%éﬁ?Bn aﬂ%‘%f’ﬁro : F&?‘ﬂg heat
to the copeditiénedgatotiat Eeaziaﬁ pdiRidaahdd He pRARBICEINAAcMAHRSes?2f b8 JpeHPl ed to
a clanping assenbly 38 with the netal nmating face 24 of one conducting

pl ate 22 PSsiPposi ng and spaced apart fromthe metal mating face 24 of the
other2§onducting pl ate 22. The cl anpi ng assenbly 3 8 cooperates with
conducting plates 22 for reciprocating the conducting plates 22 in opposing
directions along an axis perpendicular to the nmetal mating face 24. 30 The
cl anpi ng assemly 38 is electrically connected to the controller, the
controlIeik4%ﬂEJ$WFPBPPPng the cl anping assenbly 38 to position the

condect |19 RS SpEdngs A I ORARSERE Y iy DR et v =

hereinafter.

25
The heating apparatus is preferably for heating magnesium alloys prior to fabrication.
Magnesium has, as its most outstanding characteristic, the lowest density of all
structural metals. Magnesium is therefore used where weight is an important
consideration, for example as a material for fabricating mobile phone covers.

30  Magnesium is relatively soft and has a low elastic modulus due to its hexagonal close-
packed (HCP) crystal structure. However, magnesium and its alloys are difficult to

deform at room temperature and only small degrees of cold work may be imposed

without annealing. Most fabrication of magnesium alloys is either by casting at



cl ose position as shown in FIG 1. In the open position, the conducting

pl ates 22 are 6 spaced apart for the passage of a netal 40 therebetween.
The netal 40 is preferably magnesium all oy, the netal 40 being planar and
‘el ongated in shape. The netal 40 is held by a transfer apparatus 41 with a
first portion 42 of the netal 40 5 in a heating position (not shown)
between the pair of conducting plates 22. In response to the first portion
42 of thehRelukd aB@bé‘@O@'&%F‘e{és i R1cRe wigal fd}glir%%séubbtoﬂasﬂchﬁ)rﬁl!i@'%k ng
assenbly 38 brings the conducting plates 22 to the close position. In the
cl ose posfargiog at temeperasurgh betsiteenm 0§ and 332 dedreesaashcieo nbchdating ppearatu®? abut s
the nmetal 4Q..10 The controller proceeds to.transmt a heatpng.signal (not
shown) -t 0" Heih SaMHTRIO Wi pdossts Mie “Aul; Ry TEr GHRAITNESS [ERURLBE heat
when the hegihkd@nfkedalmi s received fromthe controller. The conducting

pl ates 22 conduct heat fromthe heating elenments 30 to the first portion 42
of thed netal 40. The conducting plates 22 are 15 shaped and di nensi oned for

evenly heati first, . | . . Jirst rtion 42
of “the mofenhgtifea st s BRI R 0% ahaRulEaSly S5tk Syl SRR
t ransduceFKG.34. wiibk shewpar fbntrdew refniie hestir dgpapited20,card FERNPEaliick e si gnal

(not shown) beingrreprefentatLve of the tenperature of the first portion 42
of 20 t heSHfe:a DB g of fiEEHIBE PRRFTINES Phe TEEMERNG BDAatH2 L ERERCE or
conpar es : : i i TR oTe|Wal PPN E i hown)
Cha 1 o proy Baf PRaRued ShanoL T e a i o2 S PREk St fant ¥

t enpelt@t umetabatihg ffder24t theondtalanatitiz fafe 24 keing plahard Thescohdweting tpleaer22 he
set-point, 25 tenperature, the contyoller,continues to transmt the_ heating
S onal 1 ohEh PRESY oA Ly, O STG 01 eSS A STt Desh A G I he
heating sh@nag rdce2uhe heating el ements 30 when the tenperature of the first
portion 42 of the netal 40 reaches the set-point tenperature. 30
Alternatively, a mathematical function is used to generate a tenperature

margin (nqt_.sh based aon, the,size d di mension the conducting plates
25 %t he oGAIIRED SRAREE rotiul 25 EnESe B AnF FUR 43R A palh BB TP B U
20 angs t he6 sindehading £comng iRl Bfing Benet@lyabardlle] tdsthd dnétalCRERRE Fcer24( not
shown), the controller obtains a tenperature difference between the

t enper at uEachoteatiig eomndsit Aris  shapeh agd dimensigned)| togaccamadste 8cliqgdingt
tenperatu te ANy ' he e
margin ¢ FemsBhed giiln’ SUBELAMYICE BhborRhEl HindaBbe RIS SIREERRIA® ot ng
el ements BUG. J ekkpads from the meed] atating fade 24hdardugh shie goaducting Aate @2, tHaehnet al 40

reaching the set-point tenperature, the control|er signals the clanping

assenbl y EBRCHINGS fransducsth sondyiadé isnghaprdrand dumgnsiongd 9peisc¥ERt fon. The
transher ?ﬁgg L4 i to renove the first portion 42 of the
net al go r n??ﬁ%ﬁﬁéi?#ﬁgﬂ%ggﬁﬁﬁgﬁaLThe first portion 42 of the neta
transferred to a process equi pnent 48 for fabrication. The 10 process

equi pnrent .48 |s preferably.a form machi ne that r ires the al 40 to
ba a5 1 G brePE e ot 6 agEPuRr rvedeny ¢ Rarslf ot ihovahphF b L o
Wen the bfdv%iin%’ﬁéét k@thetén@ictinBplABL 2! THOpdiS ofo@nabctiRaiIfes 20 RabupRd
conducted fromthe first portion 42 to a second portion 50 of the netal 40.
The secontP pelamping &8embly1d8 with slecometal mating fader2¢t ofametdonducting plate B2 et al
40. Vi e fjrst I 42 0 ne 49 fr. the heating position
oy tne ¢ r SR A, e G bl b S tnehl Pt Boes’ i SR ol SRRMSBRe on 50
of the nmephke 20, aTht hdarhipiag i agerislyi 38 @Bopeites tvatip eomdudtifg gflatth@2sfgond
portion 50 of the netal has already achieve a portion of 20 the set-point

t enper at uFSIRTAGASAGH theo kaDUCTIBE Rlatss £helny jopReSipG rdifesHoms algng 98 A¥iSal 40 is
bei ng hea i 22. Therefore, it will require a
shorter pégggﬁﬁgyaﬁpggpggﬁﬁ?ﬁgnggﬁéggéture of the second portion 50 of the
metal 40 to reach the setpoint tenperature when heated by the conducting

pl ates, 22, 25 The afore ti.oned heating nethod not ly requires_a shorter
heat | 1 tiTH_%Flamwngaqséanﬁgﬁéd%%eetﬁle?l%or@lﬁ%itq_ aGeREPlhohe ERENEE R heat i s
i nt roducedohifdiBng e MRbsthe ﬂ%e%h{‘%ﬂto}oo%ﬁ%tthé LORIUBERd Mdtes DPDiad eftiferaghi eved

by progressive heating of the netal using the heating apparatus 20 b
segregat i APEt hesithermtas shown die esfeont fviigvs of e heasing agpara@s 28ciorfdGpdr of an 50 of

h I . i No. f firs: i |
40 that 1 &000 PSRLY SR 13, 1R B g opERpieh e lpon 88, (1ol y

heat ed second portion 50 of the nmetal 40 to the set-point tenperature. 8
In the foregoi ng manner, a heating apparatus and nethod is descri bed
according to an enbodi ment of the invention for addressing the foregoing
di sadvant ages of conventional heat treatnent nethods and apparatus.

Al t hough only one enbodi nent of the invention is disclosed, it wll be

e . - o o - o, Y M 2 1. o




9 Cains 1. A heating apparatus for formable netals conprising: a heating
unit for applying an anount of heat to a first portion of a netal, the
first portion of the netal having a current tenperature and being 5
positioned at a heating position; a tenperature transducer unit for sensing
the current tenperature of the first portion of the netal, the tenperature
transducer unit for producing a currenig tenperature signal representative
of the c t f i ' t . 0 a
transferusré%gég?%agtrsm F '(E)}‘EE ¢%i’es§3a viorﬁtshﬁ%tgj {(ﬁhs??& %%df%?b?hgfﬁ%ﬁlgm ngtpéfi%gﬂly from

t he heat i mggnessint altny, th2. mathledtheeanig plgnappd ebngatedisn shapel ai m 1, t he
tenperature transducer unit conprising: 15 an array of tenperature
transducers for sensing the current tenperature of the first portion of the

netal, eafhe yBRAPO & W& by LARNE BppatRhis FPWihiaBrsOpdrfoh BE of iHeSthethD4G | on of
the netal. 3. The heating apparatus as in any of clains 1 and 2, the

heati g uii @ healig pesien (2@ heavnorbetpean thenpaic of Pgngncangsplftes 23oult i ng ont o

the first_porti of e ; d r r at i ts. received

i each canet RhuR BoEh o RemRlT 48 TR P b M G PR RSPE ) e
conduct i ngie Rladiping S3ekublyl I8britfe thd @ntititingi plgts P01l theBlosé péditorTEhahe by
conduction. 25 4, The heating apparatus as in claim 3, each conducting

pl at e conypsespasiiong theemeatal mating fpce 24e0ffeseh condusting wath22 peutprtcametal he net al
bei ng gengtally planar; and a plurality of generally cylindrical conduit
extending fromthe nmetal 30 mating face through the conducting plate, each
condui@ having a central axis generally perpendicular to the netal mating

face and for the passage of a correspondi ng.tenperature_transducer
t heret hro %CPBtr@fﬁﬁpme el te JFansEon eﬁ@“&% 1 %9t shopiy I8 egreatl%gt he

conduct i ngeRkALk 30, The l'féatﬂéc‘%légﬁéhtté 10 g%lﬂ%&ahé'a? Wiffer! glechéliti 'si%{a']‘%s heating

unit conprising: a pair of tonducting plates arranged for réciprocating in
opposi ng uieiwed fromsthardntfaler.c dbp eoratuctigg plates [22repnding heatrfsam gherlidabing of t he

metal 5 therebetween; d one or,. N heat | enents received,in each

Conduct i nECHRGS S0 B g3 BHAGT H2att 6 THA ABnddEORETGEIERRA R Tonduct i ng
pl at ejxonghaped Al dMigRhsibRed o8 efdnlyPheab@b thecOfrsOportibe428F fe-methl 49. The heati ng
apparatus as in any of clains 1 and 4, further conprising: a controller for

determ ning an anount of heat necessary for application to the first

Cobst ant 1% fEsoRbBions 52 Totec Rt 4t FRL AL SRRLALY o ix Pl B e

t enper at Ufemcsbﬁitl!ﬂ@ tebefdurets Dy Thesa@nperstuek frivdeand Bolpr@iuchbai te@mpetaastri cal |y
15 connected to both the heating unit and the tenperature transducer, the

contr ol | efigrdr(npledomp) hgingrerresrnaive of dhp smperptareseighaifirstrosiioma? of
te”pei@t Uf}ﬁehﬁﬁaﬁ'%l%{ traf8ishi8h £ 8 9?&&)11%%.“9?!}& "GofbffacomBakfigndeat i ng

unit. eating apparatus as in claim e control I'er conpri sing:
temperature signal with a set-point temperature (not shown) that is pre-defined by a

user of the heating apparatus 20,

When the temperature of the first portion 42 of the metal 40 is lower than the set-point
25  temperature, the controller continues to transmit the heating signal to the heating
elements 30. The controller stops transmitting the heating signal to the heating
elements 30 when the temperature of the first portion 42 of the metal 40 reaches the

set-point temperature.

30  Alternatively, a mathematical function is used to generate a temperature margin (not
shown) based on the size and dimension of the conducting plates 22, the quantity of
heating elements 30 utilised in the heating apparatus 20 and the size and dimension of

the metal 40. Using a comparator (not shown), the controller obtains a temperature



20 a conparator for obtaining a tenperature difference between the set

poi nt tenperature and the current tenperature, wherein the controller

provi des a heating signal to the heating el enents when the tenperature
difference is higher than a threshold value, the threshold val ue being
defined by the user and the heating el enents providing heat when 25 the
heating signal is received. 8. The heating apparatus as in claim®6, wherein

the cont r&k&%e@B&We@ﬁ%eﬁﬁ&gﬁé{rﬂgﬁg{r}]@?ﬁkt poPtidd '8 Bf-‘ﬁ{e'n‘ilsﬂalezioezﬁﬁrthﬁ syhen the

set-point tenperature is e ‘current tenperature e heating
el ement s pxnnn/uempalgtlhe;aWhmahe tehmefma’eidm@er&(ﬂ:esmgnbds the tengpeedtwednarin, The
heat i ng appar at ein trbe first portion

oF 2t he R bRl doet fradiinflesfe Bt sigank P ke BretipREloRens 20:t he' sechnd

portion 11 of the netal being adjacent to the first portlon of the netal,
and the second portion of the netal being positioned at the heating
posi t ion Uhem thennfperagure pdrthe dimst gfortidne4 2ref she nstal dioeachidg the sehpoiwbne by

compr | o 5 PSRN TR RDSHoP AR PEng AR Baotnel Koap PO Pe;

portion Oéor@luﬂiﬁi%élateé he it tHeSpeR Pbiition The irivesféripphratia vl NHerBpoUédds ié
tenperature and being positioned at a heating position, the amount of heat

i ncreasi nipmHe th@urﬁrétnporﬂéﬁﬁ@r off theemetal Aefromr the heating pasiten.t fehenfitsal and
the first p&%hﬁ I8N, &al@érﬁi’eﬂ?ﬁ:ﬁ tﬁqa”ﬁfé{?% ulpER 39 f8r P %?1{85‘&{1{10%& on of

t he net al e secon ortron o erng jacen Irst
portih oprocéss eqeipalent @8 isqpipferabiyua forinireaiaiehtmy thunnetlmmrths aral g té be current
tenperature of the first portion of ghe netal, the tenperature transducer
for produditigrga EF"T“@??FatP’@r?ﬁéFoéfrﬂ"f‘té Y $i59¢t-PRiBE WEWREAIEve of the current
tenperature of the first portion 15 of the netal; a controller for

determ ning an anount of heat necessary for appl i cation to the netal so

t hat t he Whenah fitse ppettoatd2r & thé nteked 4006$ hbinglhbstbda,rﬁehaislopndlmuéd)frm the a

set - poi nt terrperat and sf ar at.u renmovi ng .t he f.irst
o Ponofitsf marirny 4 B, a0 e oo et T The SEERIPRES SPAR ny ¢ he
secongs PogdihQ@t &Y the PRstFRrBén 33 of the metal 40. Removing the first portion 42 of the

metal 40 from the heating position by the transfer apparatus 41 consequently positions

the second portion 50 of the metal 40 at the heating position.

The temperature of the second portion 50 of the metal has already achieve a portion of
20 the set-point temperature through conduction when the first portion 42 of the metal 40
is being heated by the conducting plates 22. Therefore, it will require a shorter period
of time for the temperature of the second portion 50 of the metal 40 to reach the set-

point temperature when heated by the conducting plates 22,

25  The aforementioned heating method not only requires a shorter heating time, but also
reduces thermal shock induced when too much heat is introduced into the metal 40
within a short time period. This is achieved by progressive heating of the metal 40
using the heating apparatus 20 by segregating the heating process: first by heating the
second portion 50 of the metal 40 by conducting heat from the first portion 42 of the

30  metal 40 that is being heated, consequentially by directly heating the partially heated

second portion 50 of the metal 40 to the set-point temperature.



the heating position. 11. A heating nmethod for formable nmetals conprising
the steps of: applying an anmount of heat to a first portion of a netal by a
heating 25 unit, the first portion of the netal having a current
tenperature and being positioned at a heating position; sensing the current
tenperature of the first portion of the netal by a tenperature transducer
unit, the tenperature transducer unit fgor producing a current tenperature
signal repr r r rtion of
the met al T o GteRnl fuflher 18 Akl S IRE TR DBl bcoRaingll ARG

heating pasbédimentyofatiter ameheion aﬁmaadxlrasing the fbPegoiiipe dmdvam&esebﬁod as in

claim11, further isin e ste rovyiding an arra f. tenperature
tr ansduce?(gwf’%qoné}eﬁ%q”ﬁrﬁ 981?%95?“ éﬂlif‘é?tﬁf \&tg ‘I’fgy opf §%{"b gineibn of the
metal , eagfint @VREAGH WIBscldsBdSHWARe APaRtit f&&fé' Skatbdiif i@t tneﬂ&eroﬂm e

transducer unit and for nounting onto the first 5 portion of the netal. 13.
The héhat i digclpsradut aymeiousahanges andipmmodification cep, bevhedeewithautdeprsting ng uni t

conpri si ng; or | ates for nmounting onto the first
portion OﬁoTﬁﬂfﬁQPﬁgﬁgﬁ?ﬁ §M§ g?gnnre heati ng el enents received in each

conducting plate for providing heat to the conducting plate, the conducting
pl ate conducting heat to the first portion of the nmetal by conduction. 15
14. The heating nmethod as in claim 13, wherein each conducting plate
conprising: a netal mating face for contact with the netal, the nmetal being
generally planar; and a plurality of generally cylindrical conduit
extending fromthe netal mating face through the conducting plate, each
conduit having a central axis 20 generally perpendicular to the netal
mating face and for the passage of a



correspondi ng tenperature transducer therethrough to couple the
correspondi ng tenperature transducer to the conducting plate. 15. The
heating method as in claim11l, wherein the heating unit conprising: 25 a
pair of conducting plates arranged for reciprocating in opposing directions
and for cooperating to clanp the first portion of the netal therebetween;
and one or nore heating elenents receiwed in each conducting plate for
provi di ngchgak to the conducting plate, the conducting plate conducting
heat to 30 the first portion of the nmetal. 16. The heating nmethod as in any
of clainsl.ll aAdeidng dnpatates foc Gorpablsimefals hemptigipg:of : 13 providing a

controller for determ ning ap_.anount. of heat npecessary f.or application to
the first portion of hf:%én 1g|fors%pp?)ﬂgg a{lﬁénowpPgﬁgatftgrppgrsétpaﬁgonoq fhe netal
substanti al |y gepf ohEHirktOpdtis€lof PR fetal BAPIRE A Sirfont tdiBpyflredPMdbeing
tenperature being defined by a user, and the controller being electrically

5 conrfect ed t op¢sdtioned jaba heatingpgsitiant and the tenperature transducer, the

controller for recejyi r - - ' I

tenperature tr ansdulé\el‘grn{;&éﬁgl%ftga;ﬂs%ggl\:ﬁl d?ﬁ%%@%@? %glq%ﬁé%aﬁ&%}‘{]ﬁfethﬁeat i ng
unit. 17. The fsatpoRgonef iednrtall theClemipbralire tfansduver vannfor ipsodigidghe st eps
of : 10 obtaining a tenperature difference between the set-point tenperature

and the cur r enSUTHFERRErAIHE sSignahrepespirtiycort the paTey fsmapesatyre dhagrst ecei ved

in the control é&‘iibn%? hQYI- g @ heating signal fromthe controller to
the heating el enents en t]’he tenperature difference is higher than a

t hrestibl d val ue, t he ttahsfes hppatatis forakemevingi thg fotstf pargch by thehmetatewapnd t he
heati ng el emen%s pLO i ding heat when the heating signal is received. 18.
The heating nefABd Sge"?tﬂlg OStU9P-16, further conprising the step of:
providing a heating signal fromthe controller to the heating el enents

2. The heating apparatus as in claim 1, the temperature transducer unit
comprising:

15 an array of temperature transducers for sensing the current temperature

of the first portion of the metal, each temperature transducer for mounting

onto the first portion of the metal.

3. The heating apparatus as in any of claims 1 and 2, the heating unit comprising;:

20 one or more conducting plates for mounting onto the first portion of
the metal; and

one or more heating elements received in each conducting plate for

providing heat to the conducting plate, the conducting plate conducting heat to

the first portion of the metal by conduction.

25
4, The heating apparatus as in claim 3, each conducting plate comprising:
a metal mating face for contact with the metal, the metal being
generally planar; and
a plurality of generally cylindrical conduit extending from the metal
30 mating face through the conducting plate, each conduit having a central axis

generally perpendicular to the metal mating face and for the passage of a
corresponding temperature transducer therethrough to couple the

corresponding temperature transducer to the conducting plate.



.20 when the set-point tenperature is higher than the current tenperature,
the heating el enents providing heat when the heating signal is received.
19. The heating nethod as in any of clains 11, 17 and 18, further
conprising the steps of: 25 conducting heat fromthe first portion of the
metal to a second portion of the netal, the second portion of the netal
being adj acent to the first portion ofgthe netal; and positioning the
second portion of the nmetal at the heating position when the first portion
of the nmetal is renoved fromthe same by the transfer 30 apparatus. 20. A
heat i ng nk&t hodTheoheatiag apiuratusred al cdaimolyplid Isdatigg tiné cahprpEngf 14 appl yi ng
an amount of heat to a.first portion of a netal by a heating unit, the
first portion of thd B3t %{C figg Plateq Pgmgepeﬁﬁé%%ﬂp[ﬂc@“%d‘? ePAYHS

positioned at @&-hedhi NAdPRH EdRratinBeATRIMY (RE f8ALotIET @ASthEImERE Ccurrent
tenperature of the first portion of the nmetal and the first portion of the

met al % conductherefetwsan; and a second portion of the netal, the second
portion of the netal beig_&) a?fl? centl tott he f.ierslt %)ohtio(q Cglf tr]?t 0taI;
sensing the current *¥%efh8IO5F HPang; clpments reqived in qash cgpdyqiineg Rigts, Ohy " 5
tenperature trgRsllitcheat f the cbiduictief PRI I ®ntii@Rgdilse cofdicting Belicd Ng a
current tenperature signal representative of the current tenperature of the

first 10 porti &g {58t poséomefithe metpdt er ni ni ng an anount of heat necessary for
application to the netal by a controller so that the current tenperature of
the netal substantially conforns to a set-point tenperature; and renoving

the fig steport Theh&dinghppareiuabs mvimy of clami handeafurther @agirisimgn 15 by a
transfer apparatus; and pgsitjoning the second porti og of the metfal at the
heating position by2t fREAISHHE deierpigg gn amount of heat necessary for

application to the first portion of the metal so that the current temperature of
the metal substantially conforms to a set-point temperature, the set-point
temperature being defined by a user, and the controller being electrically
15 connected to both the heating unit and the temperature transducer, the
controller for receiving the current temperature signal from the temperature

transducer, and for providing a heating signal to the heating unit.

7. The heating apparatus as in claim 6, the controller comprising:
20 a comparator for obtaining a temperature difference between the set-
point temperature and the current temperature,
wherein the controller provides a heating signal to the heating elements
when the temperature difference is higher than a threshold value, the threshold
value being defined by the user and the heating elements providing heat when

25 the heating signal is received.

8. The heating apparatus as in claim 6, wherein the controller provides a heating
signal to the heating elements when the set-point temperature is higher than
the current temperature, the heating elements providing heat when the heating

30 signal is received.

9. The heating apparatus as in any of claims 1, 7 and 8, wherein the first portion

of the metal conducts heat to a second portion of the metal, the second portion
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substantially conforms to a set-point temperature; and
a transfer apparatus for removing the first portion of the metal away
20 from the heating position and positioning the second portion of the metal at

the heating position.

11. A heating method for formable metals comprising the steps of:
applying an amount of heat to a first portion of a metal by a heating
25 unit, the first portion of the metal having a current temperature and being
positioned at a heating position;
sensing the current temperature of the first portion of the metal by a
temperature transducer unit, the temperature transducer unit for producing a
current temperature signal representative of the current temperature of the first
30 portion of the metal; and
removing the first portion of the metal away from the heating position

by a transfer apparatus.
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comprising:

one or more conducting plates for mounting onto the first portion of

10 the metal; and
one or more heating elements received in each conducting plate for
providing heat to the conducting plate, the conducting plate conducting heat to

the first portion of the metal by conduction.

15 14.  The heating method as in claim 13, wherein each conducting plate comprising:
a metal mating face for contact with the metal, the metal being

generally planar; and
a plurality of generally cylindrical conduit extending from the metal
mating face through the conducting plate, each conduit having a central axis
20 generally perpendicular to the metal mating face and for the passage of a
corresponding temperature transducer therethrough to couple the

corresponding temperature transducer to the conducting plate.

15.  The heating method as in claim 11, wherein the heating unit comprising:

25 a pair of conducting plates arranged for reciprocating in opposing
directions and for cooperating to clamp the first portion of the metal
therebetween; and

one or more heating elements received in each conducting plate for
providing heat to the conducting plate, the conducting plate conducting heat to

30 the first portion of the metal.

16.  The heating method as in any of claims 11 and 14, further comprising the step
of:
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providing a heating signal from the controller to the heating elements

when the temperature difference is higher than a threshold value, the threshold
15 value being defined by the user and the heating elements providing heat when

the heating signal is received.

18.  The heating method as in claim 16, further comprising the step of:
providing a heating signal from the controller to the heating elements
20 when the set-point temperature is higher than the current temperature, the

heating elements providing heat when the heating signal is received.

19.  The heating method as in any of claims 11, 17 and 18, further comprising the
steps of:

25 conducting heat from the first portion of the metal to a second portion
of the metal, the second portion of the metal being adjacent to the first portion
of the metal; and

positioning the second portion of the metal at the heating position
when the first portion of the metal is removed from the same by the transfer

30 apparatus.

20. A heating method for formable metals comprising the steps of:
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temperature transducer unit, the temperature transducer for producing a
current temperature signal representative of the current temperature of the first
10 portion of the metal;
determining an amount of heat necessary for application to the metal
by a controller so that the current temperature of the metal substantially
conforms to a set-point temperature; and
removing the first portion of the metal away from the heating position
15 by a transfer apparatus; and

positioning the second portion of the metal at the heating position by

the transfer apparatus.



