.*¥166166* 14-Septenber—2006—A HEATI NG APPARATUS FOR FORVABLE METALS Field
O Invention The present jinvention relates generally to a heating apparatus
for formable H\Imml“mmmm particular, the invention relates to a
“progressive h tus and. nethod for heati ngljlggpr{g?tl)ee'z tals.
Background 10 Metisdig* can be fabricated using a variation o { &chni gues, -
“for exanple form ng. Depending on the gharacteristics of .the metal to be
fabricated, sone ' ra ' j i e- heating
_before substanti a%@ﬁ%@ec%%le%gmg or @?R’%‘ﬂ&%ﬁﬁﬁ??ﬁl ly, a

wor k- pi ece made fromone of these nmetals has to be placed into a furnace
prior to hein abri cated. However, this is a tine-consum ng process that
does not rFé%lfl%t"{"Fé‘vﬁ?td?Fthroughput requi rement of a production line. The use
of a furnagedeht iReaHionGdeldRs BRI b Ph&GRgIaPphrafiR F6OMTMAbRnetdiBE [eed for
transfer of the work-piece between the furnace and a form ng machine is
i-nef fi6i epartichian, thpdedeition RGitesegui Peekressdigelsating yapateig andpmeddtfoon | ne.
Al t er nat i,xelty .tthe bqi e fI the form ng machi ne can be pre-heated before .
formng t R&TTHRPYR2 ?—iBb%ga\/Se'r, the unevenness of the face of the die that is
used for conducting heat to the metal 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 aturl?acgrg%qlin%nts across the work-piece, which may lead to a short die
life- span. nce, this clearly affirnms a need for a heating apparatus and
met hod 0f orMetaRr eani bg faBlcdtdie uping- hHeatiatigh pf aeessques, dorf examplke eformaingl .
*@00002* Repl acenent Sheet: 5 July 2004 14 OS%Qtngrrber 006

Depending on the characteristics ‘of the metal t icated, some metals, for
example magnesium, requires pre-heating before substantial forming can be

performed.

15 Conventionally, a work-piece made from one of these metals has to be placed into a
furnace prior to being fabricated. However, this is a time-consuming process that
does not meet the high throughput requirement of a production line. The use of a -
furnace for heating up the work-piece is time consuming. The need for transfer of the
work-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 me.tal-will result in non-uniform temperature distribution throughout the portion
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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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.2 Summary A pre-fabricated work piece nade of fornmabl e nmetal is usually
" planar and elongated. VWen directly heating a first portion of the
wor k- pi ece, an adj acent second portion of the work-piece is heated as well
“t hrough conduction. Consecutively, when the secondRas’lﬁ_%)‘T’“tePE)rthFtthEJuly 2004
wor k- pi ece heated, only a short period:of tine is required f.éﬁ?@?ﬁ@ ’é@%nq
“portion of .the work-piece to achieve a“required tenperature. Therefore, in
accordanceM™™™ first. aspect of the invention, there i s disclosed a L
.heating appagratfatgicEodotiSpit@: madd of fraable Rt N dsufIfS pi@RiPLyd AGndRqamount of
heat to a first portion of a netal, the first portion of the netal having
a current titpdirattiyheating el ragtionoafithq werkwicse. an adipeentisergndpertion oh; a
form ng appRn@ikipictOls hfegémsrkgemmgﬁéorﬁué_ﬁ%np@%ﬁ-}evﬁtf‘veftyf RSP LM t Tor
sensing the current tenperature of 'the first 15 portion of the netal, the

t enper a? ur BOTHIPaRKEE Berk-Ritetheptod, aphyodhieit pericd of timedntequitedifpethateaoel si gnal
represent afiyg, Qlfths% u'%rkgﬂégqulgchﬁe Eg?éqﬂﬁwtgmﬁ%ra%lr%e first portion of the

netal ; and a transter apparatus r enovi ?je first portion of the netal
away fromthe heating position for transfer to the form ng apparatus, the

first porti -he | bei far by the form.ng. ratus while
heat i g be?ﬁgefg%pf‘?gﬁ%%%e gégoanﬁrsggsrpte_lcqooﬁetg%f'%feﬂ%o’}’régeé? b ‘S%E%S%a_tl ng

uni t, wher bdayinphagtrang colmprisegcond portion of the netal f mai n':)ieu ns the -f![rst
ortion,of the al at_.a faormable tenperature, the forpable tenperature
Eei ng .g%pr oxi nat g%th% "m;foé éPﬁfS‘BF ils ;aT’8‘f’P;58Fg"Eaﬁ fea By perign gkt Ml the

t enper at ur firsb@biign pofethél @ifctN edvingD butredf £RHIANEE ah® bBing PodiRheasnect of the
invention,, there is disclosed a heating ‘apparatus conprising: a heating

unit for aPpfPs RGP anount of heat to a first portion of a netal, the

first portion of foldilg Apfaddiud BV foRding mefalf r €Nt 't enperature and bei ng
positioned at a 30 ﬁeati ng positiaon, the anount of heat increasing the

current tenper at rPeEHS fansfygeg unit for sensing the current temperature of the first
15  portion of the metal, the temperature transducer unit for producing a current

temperature signal representatii’e-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 for transfer to the forming apparatus, the first portion of the metal
20-  being formed by the forming apparatus while heat is being applied to a second portion
of the metal by the heating unit, _ '
- whereby heating the second portion of the metal maintains the first pdrtion of
the metal at a formable temperature, the formable temperaturé being approximated by -
a s'et—point'temperéture and the set'—p_oin't tempefafure being pre—déﬁhéd.
25 _
_In accordance to a second aspect of thé 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
30  heating position, the. amount of heat increas_ing the current temperature of the first
portion of the metal and the first portion of the metal coﬁducting’heat to a second

portion of the metal, the second portion of the metal being adjacent to the first portion

of the metal;



.portion of the netal and the first porti-on of t_hé_het al conduct i ng heat to
"a second portion of the nmetal, the second portl-f)n of thesEEt ?I gegnlg 004
adj acent- to the first portion of the netal; Replacement eet: uly
‘141 Sept ember 2006 3 a tenperature transducer R&ffﬁatce‘f‘%’rt.i%ﬁ‘fs‘r n%"t”ﬁé 09¢r ent-
tenperature of the first. portion of tRhe. Ims\ta'l, thett;a_ esreﬁ_]f - ansduc
“for producing a t te rature. signal representative o e c |
-t_enpgrature gf i ﬁ%ﬂ%ﬁ%? hﬁggcﬁfgnungffof ﬁ?ggﬂ%frﬁlcflggﬂftﬁ??ﬁrﬁbreé’ﬁﬂ?r Pus for
_forni ng netaitiep of tiee metal, tied femperbinre ERAERCE 0 PPdiihpdTOLHYt @lt"npé}ﬁn@%ef nteﬁessa:)él
“for applicatign to the.. tal so that the current tenperature o e ne
subst ggt i alsﬁgTy}ﬁé%)ﬁ?SS?tﬁtéVetocf q}ge WEERLSSTReTature Bﬁtb"_ef"éi rereon of dbe meidly ansf er
apparatus for refowimngpbitent fdr Sérmphdag of the netal away fromthe
heati ng_.position and 'Qo rtioning the second portion of the netal at the
heating® 10 posf £9el ‘t%éd?"f"'ims“ﬂ‘“%)é‘? ErR of heetscerarra forgeplitgliartatef erred to
the form ngcappamat ©s curkdh thipeSturdoH th ﬂ&a&%b%ﬁal@édﬂkor&?'td(}gset—g ified by the
form ng apparatus while heat is being applied to a second portion of the
netal by t FEOPSERIER§duni t, whereby heating the second portion of the tmrslt al
mai ntai ns the fj kadsfRObbi La i6h SORIRRLE LETRSS atur e, e
f or mabl e terrper%’ltfrﬁrséé?bé?r{gtﬂsaﬁgrr%%(mﬁd LS;/B&“]@] a gﬁ}-ap(a)l aﬁt rcfné(rﬁerature and
the set - pof#Ating enppibipatand epdsitionige phe setohd pedion | of &c_omftalaatcﬁe theatingt hi r d
aspect ;of idan j - j i scl.os g, heat i ng. met ho onpri si ng
thg st égs g?@’%gﬁ%ﬁt éur\c;ng&{nt}ﬁenltnaégﬁe}i"éa‘fan?%“%l tf.)lei?estong’é’lgtaf’%aﬁa ¥ Y% netal by a
heat i ng unfigst peitien of hefmetslt bergr formoad tof the lfnemmtapbarmi/mge Bea€ {4/ Ye@ipt o
. tenperatur ngl, bei Ltiogned at..a. heating, position; sensing e
:cumr)ent te%%g’r@gEOBareéeeQ%“dpq% é"“f"f%@’set_meg%rbﬁh&ﬁ’e gt“ﬁ‘_é metal by a tenperature
“transducer uni twharély Heatiggethatsetoad pordos GfUBE metdNinkinfagis tﬁHﬂxguﬁdrﬁ&f@t ﬁur][?ptst
Si i ' t enperature o e fi
:)gmjie{)ﬁt (l;; eslﬁegaq%ga @rgﬁ%%gl‘}l}%tre{u\{rg, tgg fotnga 169 tlé&{)eergthre b%inrr%%pproximated by T

15 aset-point temperature and the set-point temperature being pre-defined.

In accordance to a third aspect of the invention, there is disclosed a heating method
comprising the steps of:
applying an amount of heat to a first portion of a metal by a heating unit, the

200 first portion of the metal having a current femperature and being positioned .at a

heating poéiﬁon; '

- sehsing the current temperature of the first portion of the metal by a
temperature transducer unit, the temperature transducer unit for producing a current
temperaturé signal representative of the current temperature of the first portion of the

25 metal;

) removing the first portion of the fnetal away from the heating position by a
transfer apparatus and transferring the first portion of the first portion of the metal to a
forming apparatus, the forrriing apparatus for forming metals; and
_ simultaneously forming the first portion of the metal by the forming apparatus

30" and applying heat to a second portion of the metal by the heating unit,

whereby héating the second portion of the metal maintains the first portion of
the metal at a formable temperatufe, the formable temperature being.aﬁproximated by

a sel-point temperature and the set-point température being pre-defined.

Bert #f®sducer -



.renmoving the first portion of the netal away fromthe heating position by a
~transfer apparatus and transferring the first portion of the first portion
of the metal to a form ng apparatus, the form ng apparatus for form ng-
‘netal s; and simultaneously forming the first ProleforenofShese: medaly BPothe =
forming apparatus 30 and applying hesf to a second: por £ otrPEemhee29Rf al by
“the heating unit, whereby heating the second portion of the netal maintains
‘the first prdncg o a tf%thr?éwr fgtbe nvesionaibets 1t dispeied adrating Reh9dr mabl e
;tenperatura)misn@tm@mrmt ed by a set-point tenperature and the

set - poi nt tenperature being pre- defined. Repl acement Sheet: 5 July 2004 3a
14 Sept ember 20WBlyMepnzsRMRHaicat P& fstriantplaspeiat Lot heakes pRveh i on, there
(is disclosggy ?m%atdmge %tahq]qwﬁgrspwn%hmnigbﬁnﬁé &RF bOhy RAPRbdaNg AN amount
of heat to a first portion of a netal heat i ng unF the Tfirst portion
of the et bdatihappsiona teusmennt of éﬂqbemcattagme taencuriyei rfgng@camrt |06rﬂe:dﬁrat a 5
heating po h eaS| Lent, rature of
the first %Hl ‘?gamtoepg ?tﬂn}%}dq (IﬁrSt gl%%)ﬁe Ir's ‘ag%% |§H’go Ee%?xp

conduct i ngpdreen off the mewk cl@ndcondgottioanf tik nideed bamp adjacenh® thceﬁmnpbrpmrtl on of

t he netal tethn% ﬁgj acent to the first portion of the netal; sensing the
current terrperaf3 re of the first portion of the nmetal by a 10 tenperature
transducer uni tsendifiye thee rP@EML tdinPerhtifen sl uiee firdt Oporfio® i Cthe gnéalc by r£nt
terrperﬂﬁure S|gnal redresentathve of the current te ﬁrature of the first
por ti oh’ of “FRE“R{ARIIUEE Wit the A REF UROTAISISFT fidaP oALERE SafYfrfbr

appl i cat i oRmiperatupesipill adpréd¥ntdtive@P el cQtrb R lterferithidtof tiefirslUusor@di ofitRYPEr at ure
of the metal substantially confornms to a set- 15 point tenperature;

renovi ng tRed ?II‘S'[ portion of the metal away from the heating position by a
transfer apparafeusmaith if aRSERIJFiIHS ﬁebé‘ssafryrf%; apfichtiANoOhe bl fryr St portion
of the nmetal to a form ng apparatus, the formng apparatus for form ng
‘netal s; po¥inelsiisadhat e cslge@iﬁ@nmwrre@ﬁﬂl@fmqmiéubﬁéqn@pﬂmon@‘ms h@a§¢tng posi tion

by the15 20, dik@bRp&EARPPAar at us;. and

removing the first portion of the metal away from the heating position by a
transfer apparatus and transferring the first portion of the first portion of the metal to a
forming apparatus, the forming apparatus for forming metals;

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

20  transfer apparatus.; and - |

simultaneously forming the first portion of the metal by the forming apparatus -
and applying heat to a second portion of the metal by the heating unit,

whereby heating the second portion of the metal maintains the first portion of
the metal at a formable terﬁperat’ure, the formable temperature being approximated by

25 aset-point temperature and the set-point temperature being pre-defined.



Simuttaneously formng the first portion of the netal by the formng
-apparatus and applying heat to a second portion of the netal by the
heating unit, whereby heating the second portion of the netal nmintains the
first portion of the nmetal at a formable tenpBtrdfarrentt feeforelble 2004
tenperature being approxi mated by 25 a,set-point t enperldt Genteaher 12086
‘set-point tenperature being pre-defined. Replacenent Sheet: 5 July 2004 14
Sept enber 2006: 4 5 Brief Description O The Draw ngs Enbodi nents of -the
invention are described hereinafter with reference to the follow ng '
“drawings, in which: 10 FIG | is a front view of .a heating apparatus with
a first portion of a netal positioned at a heati ng position and a pair of
~conducting plates in a close position; FIG 2 is a plan view of the heating
apparatus of FIG 1; and 15 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 equipnent, a second portion of the metal positioned at the
‘heating position-and the pair-of conducting plates in an open position. 20
Det ai | ed DeBﬂéﬂlmsmpudh OeThe Dgawippar at us and nethod for addressing the
~foregoing p | ens is described her ter. 25 The heating apparatus is
preferably le"BF odments ff g giieitigh %FI‘%??GL&W Breipadier Apith delerene © Nhgnesi um
has, as |t3fomhgqmvﬁﬁg’>snmmcyphar acteristic, the | owest density of all
structural metals. Magnesiumis therefore used where wei ght is an inportant
consi dettt | on, for exanple as a material for fabricating nobile phone

covers. FIG. 1 is a front view of a heating apparatus with a first portion of a metal positioned

at a heating position and a pair of conducting plates in a close position;

FIG. 2 is a plan view of the heating apparatus of FIG. 1; and

15
FIG. 3 is a front view of the heating apparatus of FIG. 1 with the first positioniof the
- metal being fabricated by a process equipment, a second portion of the metal
positioned at the heating position and the pair of conducting plates in .an_ open
posit_ion. ' :
20
Detailed'Description
A heating apparatus and method for addressing the foregomg problems 1s described
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

thhout annealmg Most fabrication of magnesium alloys is either by castmg at



.30 Magnesiumis relatively soft and has a | ow el astic nmodulus due to its
hexagonal cl ose- packed (HCP) crystal structure. However, magnesiumand its
alloys are difficult to deformat roomtenperature and only small degrees -
:of cold work may be inposed w thout annealing. Most lm%r%%%%i@(} of

magnesi um al | oys i's either by casting at 14 Septenber enper at ures
“above 600 degrees celcius, warmformng super-plastic formng or. forging
at termeréh%a&r?setawéa@odege@s of &egﬁa%sf&ﬁhﬁ Usirper Eashe%anng g ajppar at us
_used in conjunction Wth processes {5t warm f or ng, super-plastic formng
or forgifgiof anagmesauum b&waan b aokd ﬁé@ldegxf:est ¢eéc1u:nv§h¢ hoemngaapheatus ng
apparatus 2Q is descri reference to ll ws a front

vi ew of t#é& h‘élaf?‘anca‘BBa?Aa[YMuBroﬁffse Ah PR fé’mWﬁ cwbe%ﬂgé\%c iorfﬂl% i ew of

t he heatlﬁgglaggaﬁla%,@m%o The heating apparatus 20 conprises of a pair of
conducting plates 22. Each conducting plate 22 is bl ock- shaped and has a 10
metal Smating face 24, the netal mating face 24 bei ng pl anar. The conducti ng

I 22 ,h
2L 22 NPTl SRR BB L A5 P BTBAEN o 1

28 ext endp|d.rQryigole showle af @6 \Z@Wtdf thhele@tﬁrkgeap@lxaes fzacend FI1@62andichavi ng a
central axis bei ng generally parallel to the netal mating face 24. Each

heati ng c8eugia PlB vieyy ehHiselratng appastins Londde theatarg apamniat &0 §ORBHISS ng

el enent 3 t [ 32, as
shown in Qflff %ﬁ{ gf&élg c%gg ?'Jel%rbnyt deﬁ {RﬁE@gﬁﬁlﬁte%ﬂ ﬂ%gesihﬁgougldl%aae

condunl i ngepl ailaéing face Ea;:thne nﬁcﬁdﬂlpﬁzlit&tgdh& 24 hmsgiptaear c"fimhﬁntiuéiﬂlgi atsRaped and
di mensi oned for receiving a 20 te rature tr sducer the et hr u h.
Each heat Mg efr“éﬁgﬁtlt% IW§p@Peeeﬁ15§paﬁ%F%f ﬁ?f&&% dpetree ?ftﬁ%“? é“ret not
shown) angln{“%facpﬁg)w ding heat to the conducting plate 22. The pair of
conducting plates 22. is coupled to a clanping assembly 38 with the netal
mat i ng face 24 of one conducting plate 22 25 opposi ng and spaced apart from

BRI TR S AR ST W L
15 26 and having a central axis being generally parallel to the metal mating face 24.
Each heating conduit 28 is shaped and dimensioned to accommodate a heating
element 30 therein. A plurality of temperature transducer conduits 32, as shown in
FIG. 2, extends from the metal mating face 24 through the conducting plate 22. Each
temperature transducer conduit 32 is shaped and dimensioned for receiving a

20 temperature transducer 34 therethrough. .

Each heating element 30 is electrically connected to a controller (not shown) and for
providing heat to the conducting plate 22. The pair of conducting plates 22 is coupled

to a clamping assembly 38 with the metal mating face 24 of one conducting plate 22

N
wn

opposing and spaced apart from the metal mating face 24 of the other conducting
plate 22. The clamping assembly 38 cooperates with conducting plates 22 for
reciprocating the “conducting plates 22 in opposing directions along an axis
perpendicular to the metal mating face 24.

30 The clamping assembly 38 is electrically connected to the controller. the controller for

controlling the clamping assembly 38 to position the conducting plates 22 at either an .
open position, as shown in a front view of the heating apparatus 20 in FIG. 3, or a

close position as shown in FIG. 1. In the open position, the conducting plates 22 are



reci-procating the conducting plates 22 in opposing directions along an axis
perpendi cular to the netal mating face 24. 1) 0 The clanping assenbly 38 is
el ectrically connected to the controller. the controller for controlling
“the clanping assenbly 38 to position the conducting plas&sniir #os€i t her an
-open position, as shown in a front view of the heating apparatus 20 in FIG
3. or a. close position as shown in FIG 1. In the open position, the :
conducti ngp ?Qle@-taﬁ&t 2 BE BaskdeSePh AMRAT402008bethesRATRE ndRArd0 kPrefbRiglypassage
.of a netal .40 therebetween. The metal 40 is preferably magnesium alloy,

t he met al m@neseimgllpy.dhametahdo bfivagianadandeleteafrs inFheperet al 40 is held by a
transfer apparatus 41 with a first portion 42 of the netal 40 in a heating
position (not shown) between the pair of conducting plates 22. In response
to the fi st nedlt4008 héld Wfa tlﬁn@féreip@hraéﬁ dheiitiga Pirageeiomn4l belbeadialng
position, the clanping assenbly 8 brings the conducting plates 22 to the
cl ose bosmt@owmﬂpﬁIﬂﬁém“cﬁ@ééhﬁwglPFBﬁ*”ﬂﬁ%lﬁﬁt%ﬁCﬁﬁﬁwﬁavﬂ%ﬁﬁs@3 ofeach.

conduct i ngesﬁ!)ﬁste.eto%ge ﬁb&@@ﬁe@%h 401 49 8cihd 1&%%91 A] ﬁéatﬂﬁg)%%ggﬁ,_rhe

transnmt a heating sign not- shown) to the Réating elenment
heat i ng ellendahpingd@sgarbdy a8 brihmxﬂm\nbmdudmg pheati2ng tsd gnsd pOSHlonr do¢heved from

the contro|ler. The ondu tin at 2 conduct . he t fromthe heatin
el ement s $S¢ §OHRNfY ?§F”%d?ﬁﬂbﬂgﬁ g%P¥ ﬁglﬂﬁﬁaf“%% AR e ey p?ates

22 are 13pshaped and di nensi oned for evenly heating the first portlon 42
of the netal 40. The first portion 42 of the netal 40 has a tenperature
that 18 sensed by the tenperature transducers 34. The tenperature '

g e A N Rk R R
40 for trapstEn&sSBon TR hBRinzoekemehiseso g‘&likeateqrttaf QbHe@r the FRARE SidnBE is
tenperature S|gnal wth a setrﬁ0|nt tenperature (not shown) that is

pr e- def i neekebip efronmsl@rw@frotlﬁe @astqndgctmgn&ma& 23 comluctean froRethe dwpldigat ur e of
the first port 42 of ~the neta .t h 5
tenperatufeﬁn? e cgﬁpr FtPOgEH %%ﬁ%éh ??ghsn?ﬁgthe Czaéfﬁ§é£?%ﬁa to the
heating shaped and dimensioned for evenly_heating the first portion 42 of the metal 40.

The first portion 42 of the metal 40 has a temperature that is sensed by the
teh1perature transducers 34. The temperature transducers 34 produce a température
signal (not shown) being representative of the temperature of the first portion 42 of
20 the metal 40 for transmission to the controller. The controller compares the
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

N .
s

temperature, the controller continues to transmit the heating signal to the heating
clements 30. The controller stops transmitting the heating signél to the heating
elements 30 when the temperature of the first portion 42 of the metal 40 reaches the

set-point temperature.

(9]
—
-

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



elenments 30. The controller stops transmitting the heating signal to the
heating elenents 30 when the tenperature of the first portion 42 of the
nmetal 40 reaches the set-point tenperature. 30 Alternatively, a

:mat hematical function is used to generate a tenperatu i ot shown).
based on the size and di mensi on of the conducting plagiga%%%%Fﬁg%quantity
"of heating elenents 30 utilised in theyheating apparatus 20 and the size
and di mensjigfeRle b BEnmE #mptPatuldSiMBe Arst BIRBLALAS thdRlerad POWAN thd 8- .
controller obtains a tenperature 14 Septenber 2006 7 difference between

t he t enpemainitenpdratutee Whes thegemperoivradifistence emataheathe4@mandturhenaggn-  poi nt
tenperature. Wien the tenperature differen ches the tenperature
I T g Al MR AR T e
heating el ements 30. 5 Upon the tenperature of the first portion 42 of the
metal. 40 reaching the set-point tenperature, the controller signals the

cl anpi Ag d&wantbe jerpperayroos thei bt padion d@nefuthei gfabf@reashme thy seheoibpen
position. T sfer t e oce RNV, first
portion 4ém§§“%ﬁggn%%af&ﬁgﬁ%?oﬁgTﬁ%t %a ?ﬁlggo%g%P%&.l§hgyﬂﬁﬁgp% gg{tion 42
of the metcahdudtiap plaaesr Eintthe ap@r pes@tss. €lel tpinefet agifhritas 41 alluni mratdednto The 10
process equi pnent 48 is prefer%bly a form ng nacgine that-requir%§ t he
metal 40 teMB g fst mortipipie of dhpareitlut® geh s nrngdPetiame 1detlighi nt

t enper at urg.; i i : | i i ed,
heat is c&ﬁﬁﬁﬁrﬁgOf9@%??%@“”@9?§?P3%?3?@%“5§$¥§%§ﬁ§§%gﬁhﬁ8§§?ﬁghh@ of the
met al 140. piteessepomdepdibtis pref&ebly @ forhting djaabmatthdt cedunes thermetapdd td on 42 of
the nmetal 40.. Renpving the first. portion 42 of the nmetal 40 fromthe

heati ng pobF EBHOBy PR AL AT EFmsdp e TP SRREIHUE 1 y positions ¢ he
second portion 50 of the netal 40 at the heating position. The tenperature
of the second portion 50 of the netal has already achieve a portion of 20
t he set - poVhen therfpet prirape 42 lof @iwghet@bﬁ@tschdimhw_\@é hedigs tordiicteddram dire 42 of

h | 40 being h by. th duct | 22,
w1 requits lnbiead DERPE polio Tad P el SpE A el BRI IS, ona

portiqnR 5Qdpkedthe thehiah pdRichatr saGH ndig 49etRenpBiifd tHeEfPEp AL @2WieR: heat ed
by the conductin& pl ates 22. 25 The aforepenti oned heating nmethod not only
(Pm

2
requires At Hh%bqaﬁl@gtppﬁbgpn By,thedraggter 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 thé- set-

point temperature when heated by the conducting plates 22.

The aforementioned heating method not only requires a shorter heating time, but also

SN
h

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.



.reduces t'hermal shock induced when too nmuch heat is introduced into the
nmetal 40 wthin a short tine period. This is achieved by progressive
heati ng of the netal 40 wusing the heating apparatus 20 by segregating the
“heating process: first by heating the second. portiop &0, ffveldtRgmetal 40
by conducting heat fromthe first portion 42 of the netal 40 that is being
“heat ed,. consequentially by directly heaging the partially heated second
portion 5¢, gf hRGoMBIRdndL a“%aﬁﬁ?a;ﬁﬁ?at@ﬁélmmétﬂﬂ@@&f@éﬁsb'ﬁl%d aedordait @dper 2006
.8 In the foregoing manner, a heating apparatus and nethod is described
accor di ngembodimenéndfodheremversfont Her jaddessingntheodorageing s disadyankges ovfegoi ng
di sadvant ages_of anventional heat treatnent t hods _and a .

Al t hough S%T%?r‘g%“eal @ﬁ%&&ah%hq ”‘eotpo e, apoaa %Soﬁ‘sougﬁé’é‘ yo(gl“ee ,‘Rﬁﬁa‘f‘?ﬁ be
appar ent botienNevdkibh i€disébsddnR valltbe iapparei@o ofie tliiled b tle aaliosisweot kit

nunmer ous changes and/or nodification can be nade w thout departing from

t he scopedsrl@sypithatnugrereusehppges dnfion modinater kvhbe sRdemvithauydangrttgos 14
Sept ember (5Q0e oAl Thiric b meAplAbLNG apparatus for formable metals
conprising: a heating uhit for applying an anount of heat to a first
portion of a netal, the first portion of the metal having a current
tenperature and being 5 positioned at a heating position; a formng
apparatus for formng nmetals; a tenperature transducer unit for sensing the
current tenperature of the first portion of the netal, the tenperature
transducer unit for producing a current tenperature signal representative
of the current tenperature of the first 10 portion of the netal; and a
transfer apparatus for renmoving the first portion of the netal away from
the heating position for transfer to the form ng apparatus, the first
portion of the netal being. fornmed by the form ng apparatus while heat is
bei ng



applied to a second porti on.o'f “the netal by the heati ng unit, 15 wher eby
“heating the second portion of the metal maintains the flrSL _portion of the
netal at a formable tenperature, the formable tenperature being :
-approxi mated. by a set-point tenperature and fARMSEPUSOPRRE etrpldr At ifoé

- being pre-defined. 20 2. The heating apparatus as in -cll4i $grtembsre 2006
;terrperatur'e'Cltransducer unit conprising: an array of tenperature

" transducers fOF sensi ng the current tenperature of the first portion of
the netal, leach A bepeg giparestforaostibresetdlodonipasingi Nng onto the first portion
"of the metal. 25 3. The heating apparatus as in_ any of clains | and 2, the
heating unit conpri sfn§inecHY 1GF aprlyipe é‘bﬁ’aﬂ‘éﬁtioﬁd‘eﬁl%tﬁggrs‘f BRigfbahti ng onto
the first porti emetof thetfhig poRicHl of tﬁ@%e_&nﬁa\ﬁrﬂ%m@ﬁ@enm@@ﬁﬂe%r@|a§@%_@i§1§ received
~in each conducting plate for 30 providing eat to the conducting plate,
the conducting praEtencdshdibfetinneesiea: to -the first portlhon OI:I the met Ftl tby
conduction. 4. The hgagld Rkt for@theinibfid- 2l m 3, each conducting plate
conpri sing: Repl acenent g%eé_eéﬁ: 5 Jul§_2(§04 _i4 Sept enber 2006 10 a . netal
mati ng face for cont aéampgratuie frarsdwast wiiit for msmethalcurrMang)erag?ﬂeﬂaé Ihy pl an_?r
and a plurality ner i i ndui xt-endi n romthe neta
mat | ngpf ace thr(?Eggth&)'(t?ﬁgl géoHﬁu‘g%&:‘“hngqegl?%?tE%a{gﬁnS%uocgﬁﬂ?lpq ia P?\ugc"g Lentral
axis 5 general ICyrri-‘JértfrnlmttcﬁtltreuIsianaltr‘tprcts{:mat'rvetoélthem:ﬂrtrcinmgﬂ:n‘fpafamréusﬂdtha;:1 Gfstt he I
assagqnof a corre: i gnperature transducer therethrough to couple
Itohe cgrorespondip%[gl%ﬁgfrglgrg%{at&raggtransducer to.the conducting plate. 5. The

heating apparatus asaitrnsferadppurhtus tftrerchedng g fitsi SorGaPH the infegsl ad@y @ pai r of
conducting pl at ?r%matlix{a ﬁé‘a%ﬁg pgs?tfonr orC tlrd[rjlgf(f):rc t%tt _enf%n':\igg g}?p%?&l%s,n f?le first po_rtiQn
of the metal being. formed by the forming appér’atus while heat is being
applied to a second portion of the metal by the heating unit,
15 whereby heating the second portion of the metal maintains the first
' portion of the metal at a formable temperature, the formable temperature .being

approximated by a set-point temperature and the set-point femperature being

pre-defined.

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

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.

25
3. The heating apparatus as in any of claims 1 and 2, the heating unit comprising:
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
30 providing heat to the conducting plate, the conducting plate conducting heat to

the first portion of the metal by conduction. -

4. The heating apparatus as in claim 3, each conducting plate comprising:



directions and for cooperating-to clanp the first portioh'of t he net al
t herebet ween; and one or nore heating el enents received in each conducting
pl.ate for providing heat to the conducting plate, the conducting plate.

" :conducting heat to 15 the first portion of th&erhagesient Gheqive Shaslyi ARO4

. "apparatus as in any of claims | and 4, further conprisind* S4Peditberotqoér for -
“determ ning an anpunt of heat necessary for application to the first :
portion of the netal &dnaialapatingefacs fplofientich iyl heupgalofthe mstad Heinget al

substantially copRhgampplhrid@ set-point tenperature, the set-point
tenperature being defined by a user, and the controller being electrically
connected to both thé Mealiyf seperellnedindrie! comyé restendiag foandduesss!, t he

control ler for r:ﬁﬁﬁligvfia&gthwﬁgh ?Héréo‘ﬁﬁﬁct%&%?ef @acﬂrcgnéjit%@ingfar({%mrglaﬁ

[ } is L
tenperature transducer, an or providing a heating signal to t he heat i ng

‘unit. 25 7. The deearibhgerapplautar dg ths nicl alatingnf®e anfdorc thnt rredabenf eonpri si ng:
a conparat or fOrct() ép%h&hggtta?é}e%m:%r a&wsgucgll fflh%Fe?‘rn@%gbegomg pfeheth%et - point

t enperature and e curr nperature, whereln controll’er provides a
heati ng si gnal tcorrtépendiegtempgratireinendger Bthewhaductidgeplétenper at ure di ff erence
is higher than a threshold value, the threshold value being defined by the
user and the heating el ements providing heat when the heating signal is
recei ved. Repl ackrdiastinBhpgtratubasinikbiin? 004e heddngSertcempréying2006 11 8. The

heatin aratus as in.claimp, wherein the controller provides a heating
signalgvgpfhe heatin§ @?%ﬂEﬁP§EVWEhp ﬁ@fg@@nggfﬁ?WFQWﬁﬁgﬁiﬁP%”Fg_higher

than the currenﬁmaﬁm@eﬁﬂtuﬁecmba@umga@iagm@h@ﬂnmasp&m@wbdnﬂg,mgﬁt when phe
heating signal js received. 5 9. The heating apparatus as in any of clains
1, 7 and 8, wherB§rFPEWEN st portion

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

15 the first portion of the metal.

6. The heating apparatus as in any of claims | and 4, further comprising: -
a controller for determining an amount of heat necessary for
application to the first portion of the metal so that the current temperature of
20 the metal substantially conforms to the set-point tempf_:raturc, the set-point
temperature being defined by a user, and the controller being electrically
* connected to both the heating unit and the temperature transducer, the
controller for receiving the current temperature signal from the temperafure

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

25
.71 The heating apparatus as in claim 6, the controller comprising:
a comparator for obtaining a temperature difference between the set-
po'int temperature and the current temperature,
. wherein the controller provides a heating signal to the heating elements
30 when the temperature difference is higher than a threshold \_'.alue, the threshold

value being defined by the user and the heating elements providing heat -when

the heating signal is received.



of the metal conducts heat to the second portion of -the netal, the second
‘portion of the netal being adjacent to the first portion of the netal, and
. the second portion of the netal being positioned .at the heating position
“when the 10 first portion of the metal is renmokepdadarem theesarfelbyy tbhex
transfer apparatus. 10. A heati ngI appg[ atus for fo][- rrﬁbl fafe’pedn];@_er 2tOO€>

.- conprising:, a heating unit for applyi an anmpunt o eat to a first

' p'om)i on 019 & n&g‘é}‘?a%f‘ﬁémairart%‘tasp'BrC{ai"B ’BFCrF'HéhWHP”@r‘i_é’W"Hﬁsahé‘ﬁ'r"ﬂent_- .
‘tenperature andsigiing thelReaffS elehRAC VR e ReBbihNRmPORIutd RMigcPhagmount of
“heat increasing the current tenperature of the first portion of the met al
and the first p8rtUBRNtdFmpsiauieeths heatng siements piovidieg heap whers e dpatingor t i on of
the netal, the sgrandea@ddi on of the - nmetal being adjacent to the fi rst
portion of the nmetal; a tenperature transducer unit for sensing the current
tenperature of the 20 first portion of the nmetal, the tenperature

t ransducer o or | r t 1gnal. e esent at i ve of
the current t emey arore By SETRERT, Yok 8 Al DES38RR L g
appar at us for fof tengeetaldssts deatotot thelste@nd fportiod edfetherinmitaigtharse@ndunt  of

fomperature of POl R ERERsRr SRR T hePo ob fedpSgoii e

t enper at ure; aneecand patisd of tha ppagl deing pbitiorfed D M@ating&okitits wh@omhti on of
bor t1 on%of tho AEL Ba ST PRECHLAR TG oeP RN TSk BBFEen of t he
metal being transferred to the 30 formng apparatus, the first portion of

the netal si.nmultaneousl bei_llglg forped by the forming apparatus while heat
i s being aéBI i e@ egling DRYBNE TP SPmaBls mefals gpmprisiggal by the heating uni t,
Repl acenent’ Sheet : 5, dudifg 2R 4o0r A1 P8P ERBEN 2006at b2 WIEp&AY, BEALI NG the

]
second portion. of the netal maintains the first portion of the netal at a
for mabl e t enper Betahdhe fifs pPBiopeds| the mefehbaving, eurrensjtemperature and being '

15 positioned at a heating position, the amount of heat increasihg 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 .metz_ll, the secdnd.portion of the
metal being adjacent to-the first portion of the metal; |

a temperature transducer unit for sen.sing the current terﬁperature of the
20 first portion of the metal, the temperature transducer for producing a current
temperature signal rebresen_tative of the current temperature of the first portion
- of the metal; -
a forming apparatus for forming méta]s;
a controller for 'determining an -arﬁount of heat néc‘essary for

25 application to the metal so that the current temperature of the metal
substantially conforms to a set—poiht température; and |

a transfer apparatus for removing the first portion of the metal away
from the heating position and positioning the second porti.on of the metal at
the heating position, the first portion of the metal being transferred to the

30 forming apparatus, the first portion of the metal simultaneously being formed
by the forming apparatus while heat is being applied to a second portion of the _

metal by the heating unit,



approxi mat ed by the set - poi nt tenperature and the set-point tenperature
‘being pre-defined. 5 11. A heati n]g EEt ho;:l forffor{mbl et met allfs corrp[:alm Bg .
. the steps of. applying an anpbunt o eat to a first portion of a _ne

‘heat i ngIO unit, Fﬁeyfi ?st portion of the netal *tRAFAT™Y Elfient teup&iC4ture
and being positioned at a heati ngf posligti on; I 10 sen5|t ng 1f‘h$§tpéafr‘*?e§n %Oséducer
“tenperature of the firs ortion of t net a y a enperature tra :
unirr'P, t he terrperatur‘%hefﬁ%éﬂ?a%&'euﬁ‘ifotngf'@f“%‘rB{jg@i 'H%‘a'ama_'@fi’_t”}se Fftr%np_erature.
si gnal represenpatibvef 1 mttakat QUBIMEIDLe ERPRANRL the ForfableN@npdritade beR@r tion of
‘the metal; renoving.the first portion of the nmetal away fromthe heating
posi tion 15 by?RPraximaied B ths sefznout (Rpsrire pach e setrioiny terpRerqtyedeingor ti on of
the first portigr-definedt he metal to a formng apparatus, the formng _
apparatys for formng netals; and simultaneously formng the first portion |
of the netal by the form ng apparatus and applying heat to a second

portion of jfhe Aakaln lﬁiétffob'%r!ﬁfgﬁ'ﬁdb%?tglgcHﬂﬁﬁsﬁn&%@gtg&yofheati ng the second.

portion of the. metal’ maintains the first ~portionof the netal at a -
~ set-point tenper at urd@plymaangatoupooiheat tonp Ersapartion béiangetalpyea dedtinped. 25 12.

The heating net ] al rther comprising the st of :
provi di ng an arlr?'gg_ tl?)e?ﬁftsg 8"8?’5?&3‘@“* {Jrezki!irl]tshadg s’ rgptsiseg%sefa%etaﬂ(g%gﬂgrent
t enper at ur e of pdsgiohédatn hpring ipositiof, t he nmetal, each tenperature transducer

being ;peceived in tshl%{tgtﬂpngrrg%nttlrt%eri unrgdﬁgheqr1 é?})alagﬁg){h%amgtgfptgng onto

the first portion o any of
claims 1 1 and Gpemfoer ednsdichieutieahd Rehpeatire tra@dpéer ShAGor ReAL@seaent Sheet :
5 July 2004 current teinperature signal representative of the current temperature of the first '
portion of the metal;
~ removing the first portion of the metal away from the heating position
15 by a transfer apparatus and transferring the first portion of the first portion of
' ‘the metal to a forming apparatus, the forming apparatus for forming metals;
and
simultaneously forming the first porﬁon of the metal by the forming
apparatus and applying heat to a second portion of the metal by the heating
20 unit, . | '
| _ whereby heating the second portion of the metal maintains the first
~ portion of the metal at a set-point temperature, the set-point temperature being

p're-déﬁned.

25 12, The heating method as in claim 11, further comprising the step of:
providing an array of temperature transducers for sensing the current
temperature of the first portion of the metal, each temperature transducer being
received in the temperature transducer unit and for mounting onto the first
portion of the metal.
30 _
3. The heating method as’in any of claims 11 and 12, wherein the heating unit

comprising:



14 Septenmber 2006 13 one or nore. conducting plates for mount i ng onto the

first portion of the metal; and one or nore heating el enents recei Vﬁd in

. each conducting plate for providing heat to the conducting plate, the
~conducting plate conducting heat to 5 the firfSPLpimErbrlEett Reliist 4P0by
conduction. 14. The heating nethod as jn claim 13, wher el‘hséawbebn?dlgétl ng
“plate conprising: a netal mati .face r cont.act V\Abh the metal, t e
metal being general 'y %r'a‘h’&rC;""Ja]Lﬁa“nga‘ﬁ? E?rJP%LI"i“P% oglP B MLt ZPItpn &gl i ndri cal

condui t ext endi g nfetdyantthe netal mating face through the conducting plate,

"each conduit having a central axis  generally perpendicular to the netal
mating face and for e pBeEAatinss el‘éfge%ﬁc'é%’ HAFas CaMsEr& Pl r ansducer

ther et hrough t opReMpghehths theC@hEREROPIFIeNBe LOTIEHRA HIE cdddiRUcalo t 0 the
conducting plate. 15 15: The héating nmethod as in claim1ll, wherein the

heati ng’unit cofsiirgPagion af haetabpy ¢avherieti ng pl at es arranged for

reci procating in opposing directions and for cooperating to cl anp the
first portion of the netal therebetween; and 20 one or nore heating

el ements rdéei vébe hatiemmphedrrdnekinngl, pihatein dagh condraing dlatgcompeisingo t he
conducting plate, thg GORBARGHANGuck! B SofBINA |RY MEA tleOmehl!Belih ! S!
portion of the netal. 16. The ‘heating nethod as tn any of clains®1 1 and
14, further conpemesilnglapsreanst ep 25 of . providing a controller for

det enni;pi ng an anmounj : sary, for licatiop to,the first
porti or%aof gt he met aInat g@tathﬁggf F‘%‘g%@grc? l(r'a'ynd[m%]lecr?ﬂglggf’ﬁ%dt"@f Pm‘f]ht ¢ r%faél -
substantial | y cowmfigr fuse thooughahes edndpaingtplite rdaelr adndai@ hatie a Seitrapakift

30 Connest ed ¢ oBCHY vRENER R Bh el o PR S To P s StPlStcer . 1 he
corresponding  temperature  transducer therethrough to couple the
corresponding temperature transducer to the conducting plate.
15 - '
15.  The heating method as in claim 11, wherein the heating unit comprising:
a pair of conducting plates arranged for reciprocating in opposing
directions and for cooperating to clamp the first portion of the metal
| therebetween; and
20 ~ one-or more heating elements received in each conducting plate for
providing. heat to the conducting plate, the conducting plate cohducting heat to

- the first portion of the metal.

16.  The heating method as in any of claims 11 and 14, further comprising the step
25 of:

providing a controller for determining an amount of heat necessary for

application to the first portion of the metal so that the current temperature of

the metal substantially cbnforms to the set-point temperature, the set-point
temperature being defined by a user, and the controller being electrically

30 . connected to both the heating unit and the tempcraturé transducer, the
cbntrollcr for receiving the current tefnperature signal from the temperature

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



- control'ler for receiving the current tenperature signal fromthe _
‘tenperature transducer, and for providing a heating signal to thﬁ.hﬁati ng
unit. Replacenment Sheet: 5 July 2004 14 Septenber 2006 14 17. The heating
- met hod ag in claim16, further conprising theResFELé‘ﬁ%med‘F:f’B?gféi%Fﬂéyzgoo‘* -
tenperature di fference between the setl-4poi nt bterrper_ature d‘é‘ht ™ ﬁh' Gfrent
“tenperature_b conparat or. t.he co rator being received in the '
| com)rol I-'er?7"axd?ge lbegg% @Ftﬁ&d%ﬁ'ﬂéﬁw _[%?‘gﬁﬁrn%?f“pf'?'(}g{hteﬁgp% ntroller to the
heating elements whebhiking at E©p&stade Wifferélick refmeBe thel St-pdighempérb@r: a '
"threshol d val ue, tpe t hreshol d val ue bei ng defined bﬁ) t he. user and the
heating el ement @966 FTRERIUINEhCOMPARIORAT FHRPAEIIQTPEINE Teceed W ved. 10
18. The heati ngiheebhiieMeAsnd N cl ai m 16, further conprising the step- of.
providing a heating signal fromthe controller to the heating el enents
when the set-point tRAPENaRUIalINESIgGRep thaemtolics (¢ therhsptingt demrdfsat ure, the

heating el ement gngf @Y hGhgRehelieairreV&is hidfer e thGhotd gd?@Stﬂeﬁtr?{}ﬁfaei ved. 15

19. The heating nmethod as in.any of clains 11, 1/ and 18, further _
conpri sing the vauepngdefingd hyl the tuses gndh tha thedting elentsats fpravatingolwat when of t he
nmetal to the segg . ] . the metal, the second portion of the netal
bei ng adj acent @grgtg tgggl{gbgl?&eg%ﬁdi on of the netal; and 20 positioning the
second portion of the nmetal at the heating position when the first portion

of the getal is.remved from t.he sane by the transfe ppar atus. 20. A
heat i ngljaerre?%od Igé)er%g?%gﬁtﬁ%ﬂ Ip S g%%%?%‘iomj’"f'ﬂ%a?f{%geof . 25 applying an
amount of heat to a groviding patehiimgsignbl flomelieadonbylla theRtHemthg diéthdnts t he first

ti f the tal, hayin current tenmperatyre and bein positioned at
gOLe:a? inng posi t‘(r‘T'E‘H‘, thenes 'B?ﬂgh PERIAR St lt“igl%}grt As gAY ‘E'ETP?’%‘HEC’ Heenper at ur e

of the first pondaingelhedthproniinglheaRded fiehédingtighisiitRRe@f the netal

15, 19.  The heating method as in any of claims 11, 17 and 18, further comprising the
steps of: ’
conducting heat from the first portion of the metal to the second
portion of the metal, the second poﬁiqn of the metal being adjacent to the first
portion of the metal; and '
20 : ~ 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

© apparatus.

20. A heating méthod for formable metals comprising the steps of:

25 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 inéreasing 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

30 metal being adjacent to the first portion of the metal; _

sensing the current temperature of ‘the first portion of the mectal by a

temperature transducer unit, the temperature transducer for producing a



_conductl ng heat to a second portion of the netal, the second portion of the
30 nmetal being adjacent to the first portion of the netal ; sensing the -
current tenperature of the first portion of the nmetal by a tenperature
“transducer unit, the tenperature transducer fdierpereget rigeat Repdaloedeon
Sheet: 5 July 2004 14a .14 Sept enber 14906 current- t enper epesmbsi goab _
‘representatlve of the current tenperature of the first portion of the = '~
net al ;  det er mi nEHERPRRFRAME sighal sepseserfativef Meyrurent typpsratersof B firg t he nmetal
by a control | er p&@ioh BAhenfi@aicuUr rent tenperature of the netal substantially
5 conforms to a set-point tenperature; renmoving the first portion of the
metal away fromthe feterniinige p@gmpwurpfhbv ﬂeepstaryaﬁsfaeplltapplamthgsneamd
~transferring theyfj E§r§tro@191r b Qe Aie LhGerk| tér?;gerzg rretefoﬁlle%et?lt %slgﬁg to a

f ormi ng appar at us the forn ng apparatus ormng netals; os?’tl oni ng

~ the secénd portP@rfoms tp hesctrpwin tenzteraite; heat i ng p05| tion by . 10_the

transfer apparatus I, Fapeq sI f|r ortion of the
netal by the form ngf’%[;“gt);‘)/%1 %hrsp na- app@yl %,P%é mﬂ%tsréeé@%‘%? S8Ption of

the netal by thbyhdmnsfagapparaius an&\he:tsedmyngtmafmngotuhﬁ o$ et naﬁrdmcﬂfn of the
net al malntalnsthef oftl‘8 the rretaIJat aforma

tenperature, .tHS a‘n%B}f%TW'&FE’Bt%‘t’&rﬂée BIUAG 2PRARERT fariag msip St he set - poi nt
t enper at ur e and t he p&ftiqpiigithe sRBREpEtioH 6f iﬂelnﬂ:@l apftR t@&idgﬁﬁﬂxtxon by .

10 the transfer apparatus; and _
simultaneously forming the ﬂrst portion of the metal by'the'.forming
apparatus and applying heat to a second portton of the metal by the heating
unit, _ B _
whereby heating the second portion of the metal maintains the first
15 - portion of the metal at a formable temperature, the formable temperature beirtg

approximated by the set-poin:t temperature and the set-point temperature being

pre-defined.



