14 Septenmber 2006 A HEATI NG APPARATUS FOR FORVABLE METALS Field O
Envention The present invention relates generally to a heating apparatus
for formable netals. In 5 particular, the invention relates to a
progressive heating apparatus and nethod for heati ngs §QrrBhleogret al s.
‘Background 10 Metals can be fabricated using a variation of techniques,
for exanple forming. Depending on the tharacteristics of the netal to be
fabricated, some net HIEATING APBARANES ROBEQRVABLEYNUEFAESpr e- heat i ng
before substantial formng can be perfornmed. 15 Conventionally, a

wor k- pi ece nmade from one of these netals has to be placed into a furnace
prior to beFiel Ofbweatdred. However, this is a tinme-consum ng process that
does not neet the high. thr h uir n f ion |ine. The use
of a fur na?hee S he efmlon T zl{ltgstgngrarl E)-Ap?egggg igpé)giafu%tfglrc@ﬁ%s{%trﬁ ﬁat.a ISTEne need for
t ransf ers5 of petrht&:larv\mekmmneone ré:iett.w&:em prdpeestive heatimg aapgaratuf andimreghadefohi ne i s

i nefficient when ggﬁd i?a 20 required, especially along a production |ine.
Al t er nat i vel'§ing fpl M6¥"%t he form ng nachine can be pre-heated before
formng the netal. However, 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. Theppalgréindesses may be established in the die as a result of
terrperaturel\/%@adl ents across t he wor k- pi ece, which may | ead to a short die
life- sp Hcean phife r&?@srwga?fwaf'ﬁtt@naO%éeéHn'ﬂ%ﬁs éorh@ampﬂfg APHr at us and

net hod for paps ne\sFrtg, théochtaﬁetengts%shﬁ'%é e AtO GRS HbAEar, fsOhBBN s, "Rt al .
~I1~l~ 11111 ~1 ~| I111 ~[1~ *166166* ~IIH 110110 VI 11

1111 1101 1:>1ample~|ma.gneqylg0,gggqcu1r§s npre heatmg 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 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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14 Septet 2006 2 Sunmary A pre-fabricated work-pi ece made of formable
getal is usually planar and el ongated. When directly heating a first
portion of the work-piece, an adjacent second portion of the work-piece is
heated as wel | through conduction. Consecutively, when the second 5 portion
‘of the work-piece heated, only a short period of ting deptemBetpiongd for the
second portion of the work-piece to achieve a required tenperature.

Ther ef or egyifmsgcordance with a first aspect of the invention, there is

di scl osed a heating apparatus conprising: 10 a heating unit for applying
an anount AopreHelricatesl wofki-piste pod¢ phOformhbla matlak ustdlly plinar std plongatedh of t he

net al havi a,.cunrent.tenperature d bein ositioned at heat i ng
position;VQ%?dPﬁ?hﬁﬁgﬁﬁgrnﬁﬁ%p?%pn5§$W?Wﬁdh@F§¥§??gpf%ﬁﬁ@FgﬁJPE“¥¥§ﬂsducer
unit for sRNSéMGpitdeas GRS wkemengt dndudfont Borskdittvelyl WhBRHel s@bbrAf t he
netal, the tenperature transducer unit for producing a current tenperature

si gnal 5 r eppiioref ste werkaopieeeheeateds print shetiperied off tmefs nepeirdd fos thepegandon of
the netal; t sf. r ving the first portion of the
netal awa O?@ﬁ%ﬁ?ﬁgLaﬁégg%ﬁggg@S?%%%ﬁ&ﬁ%%&ﬁﬂgﬁgIgr to the formng
apparatus, the first portion of the netal 20 being forned by the form ng

apparatus_whil e heat is being applied to a second portion_ of the netal by
t he heati AgSGHITE, IREPEIPChadth Adirsthaspsecehthepyentim. dhere He dissiosed @i nt ai ns

t he firSthEQEkEﬁ m@ﬁmc%ﬁ?ﬂﬁﬁ al at a fornable tenperature, the fornable
t enperat ure Dbei 8 approximat8d by a set-point tenperature and the

set - pdd nt t enperhatturgeunefargpplyergdef amedht o hedtrto acfior panoe of @ metsledend
aspect of .the invention, there.is disclosed a heati . apparatu

Conr i si G PR Pt e I rieg. e e, 75k DHERL PR Boaed i &
portion ofeAind®bodkiont he first portion of the nmetal having a current

tenperature and being positioned at a
a forming apparatus for forming metals;

a temperature transducer unit for sensing the current temperature of the first
15  portion of the metal, the temperature transducer unit for producing a current
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 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 portion of
the metal at a formable temperature, the formable temperature being approximated by
a set-point temperature and the set-point temperature being pre-defined.
25
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
30 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

of the metal;



30 heating position, the anmount of heat increasing the current tenperature
af the first portion of the netal and the first portion of the netal
conducting heat to a second portion of the nmetal, the second portion of
the netal being adjacent to the first portion of the nela tél]berm%%pten‘oer
2006 3 a tenperature transducer unit for sensing the current teénperature
of the first portion of the netal, thestenperature transducer for
producing a CURMERbeLAIFPHALULE: s} men&ﬁ?rtﬁé&m&ﬂ hMEpQhrutdSr Hdr st
tenperature of the first portion of the ne a formng apparatus for

f ormi ng mpvelon; of5tha noxalt thel temperfature dirhetugemion greducagountrroft t¢repdratngcessary

for appllcatl ) so, that the rrent erature of the netal
Substant i SIEg CBPREE e i wufplstinera g o Hefok neCRal B TSt e
apparatus for resRYinpappdigtub fsiSbriRipnedls;of the metal away fromthe

heat i ng position and positioning the second portion of the netal at the

heating 10 pogicongallertfhed¢temsiningantdngrngpf hfhaé npgessdry e apglicstingp e ed to
the form nrgetﬂ%?%aq mﬁ%u& N8 1l fefeuRUFAAL nﬂet%[ sUodGn R fion?or ofaosr [Ednpy the
i 1'€ Neat Hs b ed o

form ng apparatu €i ng secon n"of the
met al by tdiepdretaid; agd uni t, wher eby heat| ng the second porti on of t he net al

mai ntai ns the first ortlon of the netal at a formable tenperature, the
f or mabl e tenperaéfahlﬁ@r BBPHE A S SRCHHREhe @xyst ppion afdfe mstdawayfpur teur e and

th t- t d
e se p%ﬂﬁngt ghe6H:2 a“@e[t)%gtre | %rﬂ& ggﬁf ndS rg&rﬂ ACHE HBAF G C{Re "he&t}ﬂ{

aspect of t ventl on eat1 ng netho si ng

t he stl@ps pofitionppt yirsigoatoraobiiatmaiél tedeg trarsfarddi toghe fmntmg)mppafatas met al by a
heating unit, the flrs ort f nmetal having . a curre

Fenper at urb Rt e hieet POREITRIDY HEdeimge poBTti g iedal Rebeitee
current t %Bpl?éd%lérs%c&{d gdigorf b B nfRed by AR l@atnh@ﬁm’ﬂf‘t al by a tenperature
transducer unit, the tenperature trandducer unit for producing a current
tenperature si gﬁarebt}’dwaewﬁtea@ttw pdrtietef thermesalt maiatges te diret mitierhef i r st
portion Ofthet 1?1%&11 ata ﬁ)‘%mal)l’e temperature, the formable temperature being approximated by

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
20 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 portion of the

[\
wn

metal;

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; 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 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 temperature being pre-defined.



removing 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
nmetal s; and sinultaneously formng the first portionf the.Bbal by the
$ormng apparatus 30 and appl yi ng heag to a second porflon of the nmetal by
the heating unit, whereby heating the 3®cond portion of the netal naintains
the first prdbi@ic®io a BB Atth@idvOrdmbkRd RMRGI &t Enealile nfepidaabl e

t enperature bei ng approxi mated by a set-point tenperature and the

set - poi nt cemppEnatherseenseifng pre-defined. 14 Septenmber 2006 3a In
accordance to a _fourth aspect .of the invention. there is,di.sclosed a
neat i ng met hod PRSP PRAR kv add LR BALATIr gD i P E el o
first portir@rpdfiord ofeh@lmdiyl Baviigaki di@rednitdmperdtare hid Stinpasdsitnedfat tahe met al
having_a current tenperature and being positioned at a 5 heating position,
t he amdunhedMmensitiang dhcca@prg ethieag ingreasingt BapaFraniu e RsFatyngeoff the g‘trstport i on
of the metal: " réi f ot i t a second
portion o%gﬁﬁgqﬁg%gﬁ?&%%%&gQEJ%EPB%gfpéﬁqg 6%%(%§?§#&%é%%éﬂggf§%%ﬁt to the
first porpboion obfhd inetatrehatecosdpsitiog of e metal ieitg ddiaqar at the Erafpotthod i r st
portion of .the nmetal by a 10 tenperature transducer unit, the tenperature
t ransducePf F§Mytloduci ng a current tenperature signal representative of
the current tegneral We BfrehferhpdrathrePOF tthONFQl JoRon MR Al: ndfl S§yMani NG an
anount of heat necessary for application to the net51 by a controller so

t hat 1he tumpeeaitiret Gapwiuatruneit,othet kenpepdtate gabsiuent fal pypdoongor nerret a set -
15 point te erature'lrenoving the first Portion of .t he.netal. am?¥ fromthe
heat i ng pUSTITUReEyS! eRemarEye b caTiaer ERFCERARSF U GPYFan pf fis
portion ofyehe first portion of the nmetal to a form ng apparatus, the
form ng apparatus for form ng netals; positioning the second portion of the
metal at the héaermigingosh tinemnbyl hayt neeesseryafesfappliegiivar @t s metaldby a

controller so that the current temperature of the metal substantially conforms to a set-
15 point temperature;
removing the first portion of the metal away from the heating position by a
transfer appafatus 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 temperature, the formable temperature being approximated by

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



simul taneously 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 nmaintains the
first portion of the netal at a formabl e tenperat ur e séieabdraogsabl e
tenperature being approximated by 25 a set-point tenperature and the
set-poi nt tenperature being pre-definedt 14 Septenber 2006 4 5 Bri ef
Description O The Drawi ngs Enbodi nents of the invention are descri bed
hereinafter with reference to the followng drawings, in which: 10 FIG |
is afront view of a heating apparatus with a first portion of a netal
positioned at a heating position and a pair of conducting plates in a

cl ose position; FIG 2 is a plan view of the heating apparatus of FIG | ;
and 15 FIG 3 is a front view of the heating apparatus of FIG | with the
first pagsition of the netal being fabricated by a process equipnent, a
second portion of the netal positioned at the heating position and the
pair of conducting plates in an open position. 20 Detail ed Description A
heati ng appBrietiscipon®f TheDiovingddr essi ng t he foregoing problens is

descri bed ereinafter. 25 The heati ratus is preferably for heating
nagnesiunldaPé imgks & 8 Wé%??ﬂa??d%f"ﬁ%gaﬁﬁg? W{ﬁg@1r§§mp?g¥hﬁ@1

out st andi ngfolbwing@tavingt inGyvhiéhe | owest density of all structural netals.
Magnesiumis therefore used where weight is an inportant consideration,

for exahple as a material for fabricating nobile phone covers. 30 Magnesi um

is relativetls. $6f4 franditass ahdading BppatdilCvitABEstSordbteot PmbtBpRRRNAGPNAl

cl ose- , . : . . .
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. |; and

15
FIG. 3 is a front view of the heating apparatus of FIG. | with the first position of 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
position.

20
Detailed Description
A heating apparatus and method for addressing the foregoing problems is 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

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



packed (HCP) crystal structure. However, magnesiumand its alloys are
difficult to deformat roomtenperature and only small degrees of cold
wor k may be inposed w thout annealing. Mst fabrication of magnesi um
alloys is either by casting at 14 Septenber 2006 5 {esgpemsisrao@s above 600
- -elegrees celcius, warmform ng, super-plastic formng or forging at

t enper at ures between 200 and 350 degreel cel cius. The heating apparat us
used in confuAYRiuES akovh 6P slearseescltivg wWamnfarwing eperplasés fgmng pe f or mi ng
or forgin . ' i the:i.n ' i ng
appar at us g%)géi(msgr%gés]gﬁr%g?gs?\ftt hef%&g%gtdf%&slzc:g%dslﬁ%%@ﬁgs?ﬁ%ﬁg%a front

vi ew of t heushédtiqegiuagipar withspro@ssearidr Magn R2rmipki sper-glashivs fampiganr vi ew of

the heatin The heating apparatus 20 conprises of a pair of
conductingqgﬁgﬁggqggﬁeﬁggh conducting plate 22 is bl ock-shaped and has a 10

metal neting face 24, the netal mating face 24 being planar. The conducting

plate 22 has_a i.r of. outwardly,.opposing sige face 6. .gener al
perpendicuI%?engﬁﬂg“ﬁgpgﬂnwﬁ%?Tﬁémﬁﬁ &P ?”%ﬁﬁ?&F%Pﬁ?ﬁwﬁ?w%%%CFH% conduits
28 ext ends FiGom emehsshdes aafeent 26w of tHacheatitpesppaiatde Joaard FIG. 26wtdetd havi ng a

central axis bein enerally parallel tq t tal matin ace 24. Each
hont | ng cordiiNE * PG b stheBlits thPrES Rondhe FE g cORRIEEIG SRS i ng

el enment 30 §fhgfa@iof coiupling ghted 32. Ofach esRRE@IzUIfe DD angsikcHhp@andubd s 32, as
shown in FIG 2, extends fromthe nFtaI mating face 24 through t he
conduct [thg 'Prakaatng fagepdnthe mapl graLpg fee £4 BHRERIERA™ CBheRndbctss pale Thaped and

di mensi onedakQr pairesredul 418lyppedind QEP GIca! 20 Lenkra@P petpeRdicdd tbhgd Akhr ough.
Each heating elenent 30 is eFectrlcaIIy connected to a controller (not

shown) and 1##8 €A% di ng heat to the conducting plate 22. The pair of
conducting plates 22 is coupled to a clanping assenbly 38 with the netal
mating face 24 of one conducting plate 22 25 opposing and spaced apart from
the netal nAPiwiRjity atlkeaping efndpieloprads Eemdne sidpéace gp & &e pther Sigkefagd anpi ng

assenbl ys 3826(:9999;@4;; Wik 2CRMINE deNG A Y B 128 thPhetal fELRE 9£B144NT the
conducting plates 22 in opposing diTections éiong an axi s
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
25  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. |. In the open position, the conducting plates 22 are



perpendicular to the nmetal mating face 24. 30 The clanping assenbly 38 is
electrically connected to the controller, the controller for <controlling
the cl anping assenbly 38 to position the conducting plates 22 at either an
open position, as shown in a front view of the heati ngseappadrabass 20 in FI G
3, or a close position as showmn in FIG |. In the open position, the
conducting plates 22 are 14 Septenber 2006 6 spaced apart for the passage
of a netal spacedpnidittipdrsactiod arpatal|404berehetyneas dhabiopl 4haypresrabi al | oy,

the metal 4Q,0eLing ANbARMN maRC 0 MIMGLaddIGRARSIn hRR. Metal 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 conductlng plates 22. In

response toTﬂehﬁetfal'éfOSEhQQrb aQfhnéter é;Jg n&@ﬂg«g@.' AQt %zpéfqgfggeeam he

heating position, npi ng e conducting plates 22
to the closie positingqosition (nbteshownb$>etwpa$|the| pent; of hendmem@ phesiX2g frace 24 of

each conduct 0. The controller. proceeds to
transmit a hgepa?septoéﬂl ﬁrsgpm? A 22 oﬁgﬁh ?1 40 li;_lemghp ed ln ife eamﬁ_lgosxt The

heati ng el etrremlhmprﬁ@ agsenmebaﬂebrhmgathewhmmmmemz uoghcsugs’eaalosnt@n lrnemel ved from

th trol| Th d t h t f heat
el amont s 30°05 ERBCH DL DB PETah 52 S5 FiE el a0 o e e BB LB ho pl at es

22 are 15 ghaped and dlnen5|oned for evenly heating the first portion 42
of the petal 40. The first portion 42 of the netal 40 has a tenperature
that is sensed by the tenperature transducers 34. The tenperature

t ransducer ST cdniRAC Brodedds TP &FaAb K & hé‘a‘tlg?%ignﬁlnmot SROW) tobﬂ]lenlgsatmg_’h
representative of the tenperature of the first portion 42 of 20 the netal

40 for trardFiPess 8k t et Pfét%ﬁ{emsn%e}o et Bt r\&enethe d6Rer 68 e

tenperatur ere@él\g:'aalronY\’threrﬁtrcﬁﬁp PR &%d&&ﬂ?%fa@e@ Yb @okdiet he%hQM)thet Rafing S
pre-defined by a wuser of the heating apparatus 20. Wen the tenperature of

the first pdereén3lw 8k firnepaiberalt2 46 thesmptaingl  ThasonduetingeplaispizAtare 25
tenper afdr &y, &%nggmgnglohﬁffoP%B‘yW% LPe ﬁrrsiaﬂ)?mntélzt&‘?hmgt féﬂ)g signal to the

heating elenents . The controller stops transmtting the heating signal
to the heating

The first portion 42 of the metal 40 has a temperature that is sensed by the
temperature transducers 34. The temperature transducers 34 produce a temperature
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
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



el ements 30 when the tenperature of the first portion 42 of the nmetal 40
reaches the set-point tenperature. 30 Alternatively, a nathemati cal
function is used to generate a tenperature nmargin (not shown) based on the
size and di mension of the conducting plates 22, the guapimby 2006 heating

el ements 30 utilised in the heating apparatus 20 and the size and di nension
of the metal 40. Using a conparator (nbt shown), the controller obtains a
t enper at ur edlfifqreg@;heévmérthezt@meeramrecnfftlﬁeeﬁ@hmtlcmeétz/\@fethe rhel @apkthasair e of the
first porti %n&fratﬁr}ae Wikhahe AR é@fﬁréﬂﬁeéﬁ& mﬁ@r{e@ihe t@rﬁpé?%ﬁle%a‘? inshen the

t enperat ure rence matches the nperat ure marg e controller

st ops transthft:QnthQertSIﬁeDSheamlﬁgl $h€gmaﬂmgsagnlahte thﬁd@@ilmmelehmifts 30. 5 Upon
the tenperature of the first portion 42 of the nmetal 40 reaching the
set-point tenperature, the controller signals the clanping assenbly 38 to
posi ti ord t héponcibndensparaigrepifabe §rsp Poition R eof dipemepb 40 lréaohling Theeset-painsf er
apparatus 41 then proceed e first n, 42 o net al
fromthe hesl ?{atubegst%f Conaoqenr S'\gnaggttﬁe CIP P 225 §¥ t3 etom?f)%l{lor{ Egehsferred
to a pr ocemnelwmngmrﬁs 248n ftmropérabassntmat |T(haxraﬂ'slﬁa aﬂuﬂarml‘JQ@EEhﬁn efpdeqaeent 48 i s
preferably a fo n e netal 40 t a

Pormani o 3 cRparailr droan bR e et 5 S B o it Mecisbe e Fhan ¢ he
first portigidh240bf thlaenémttadnsf&ﬂed % b@rdagssftqatpﬁfém feddr fhsicagauthed from

t he flrst portion 42 to a second portion 50 of the netal 40. The second

porti on'&0 frecessequipment s rgeRl affPrr”gﬂg Warhincdhataeauies theanaial g o by,

Renovi ng theﬁaffbfr@blenaﬁ;sdr&nredagpl@t.lﬁam Hy&ﬁeadetf} nf te@Perhidg. heating position by
the transfer apparatus 41 consequently positions the second portion 50 of

the netal 40 at the heating position. The tenperature of the second portion
50 of the nghal RagsiorRAdY A G¥SI & 1@%@%99&&1‘ he#0s E(ﬂ@u@t@& oAl

tenperature_ through conduction when the first portion 42 of the netal 40
i s bei ng hefdsepprign théo ecfﬁ@mnétmﬁganpi%@%&hemetal er Blifcosasond portipn PO fiequire a

shor et | perltleniab il 7% fibor Do GIRRLALYT Reby bl eSREAMMAODL o, 5O of L he

nmet al 40 to reach e set- polnt terrperature the conducti ng
pl ates 22. 28aFAddranf dreeweitg posigidn hetieitrags ferepbaeunbt ccnmd:qpemteqmsmess a shorter

heating ti ng. Ry @dnﬁr(g}[Sqﬁﬂg@ﬁ&afmz{t%lheih%%sn‘t pgduced when too much heat is

i ntroduced I nto t

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.



within a short time period. This is achieved by progressive heating of the
metal 40 wusing the heating apparatus 20 by segregating the heating
process: first by heating the second portion 50 of the netal 40 by
conducting heat fromthe first portion 42 of the 30 meé{alem@& 20dkat 1s being
heat ed, consequentially by directly heating the partially heated second
portion 50 of the metal 40 to the set - pdi nt t enperature. 14 Septenber 2006
8 In the folndbpforgorarmrmer, a hpasiagiapppraippadanailkodapdessebddogcordindésar i bed
accor di ng té?]l@da'lnglrfrbslfj'tﬁganhveﬂfior?]hl%r'(ﬂiﬁﬁe@gif}éQhé Ofore%gﬁgeﬁﬁé nt%%@ E)Pr €goi ng
di sadvant ages of "“'conventional heat treatnent metkods an appar at us.

Al t hough ondopvaniend igaidieatamint mefhotihandi appanatus.oAltheugtiontl avethbodiment | | be
apparent t 0, qnekilh felildlok BG Rl Bodtbilh Sl Mled iPudlAGH OBUI2 Dt

nunmer ous changes andl or Hodi Ti cat i onPEaR be  nade wit hod departing from

t he scope adisklespierthdt nofnetdue chamgesdnidn moli#icBept @nibe mag®@6tho@ depaiims 1. A
heat i ng apparatus for faor.nab netal s conprising: a heating unit for

appl yi ng anﬁgﬂgﬁﬁ¥q§ﬁnﬁéggF %ﬁ%m Pﬁ%?'portion of a nmetal, the first
portion of the metal having a current tenperature and being 5 positioned
at a heating position; a form ng apparatus for formng netals; 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 metal; and a transfer apparatus for renoving the
first portion of the netal away fromthe heating position for transfer to
the form ng apparatus, the first portion of the nmetal being fornmed by the
form ng apparatus while heat is being applied to a second portion of the
nmetal by the heating unit, 15 whereby heating the second portion of the
metal maintains the first



portion of the nmetal at a fornable tenperature, the fornmable tenperature
.pbeing approximated by a set-point tenperature and the set-point
tenperature being pre-defined. 20 2. The heating apparatus as in claiml,
the tenperature transducer unit conprising: an array of tenperature
-transducers for sensing the current tenperature of tHhéSerterser gt on of
the nmetal, each tenperature transducer §or nounting onto the first portion
of the met@,ims2> 3. The heating apparatus as in any of clains 1 and 2, the
heating unit conprising: one or nore conducting plates for nmounting onto
the first Iport ifoeaghg apperatrefalfprnzable ma@lsarompoissgheat i ng el enents recei ved

in each conducting plate for. 30 providing heat to the conduct.ing pl ate,

the conducti ng. pl at 8 BaNBECEIG" ABRSNEG™ TRESTY Hofeeht &1 B BIUPRE  Het al by
conduction. 4. nhg, hrafilsh@oARRasRhESAS hdvikd aiciirdnt RApRra@Bdnattenig pl ate
conprising: 14 Septenber 2006 10 a netal mating face for contact wth the

met al , St he net apsibenascpt adeperapdsytiqn; anar; and a plurality of generally
cylindri cal conduita§x&ﬁg inﬁy&%?ﬁh%gﬁni %ﬂ%msnating face through the
conducting pl ate, edch condb aving a central axis 5 generally

per pendi cul ar to thea @pahri@iranduiactitd@odsehoing thec Pras agteafturd of the
correspondi ng tenperature transducer therethrough to couple the .
correspondi ng fEHpRYHPNCE e dRefalidhs GBParaEre: BaRJEeS nnip(fer arodscing e

heat | ng apparabheAtehBeih@l St LheAERLL Bgtﬂérﬂuhsggegp{ﬁiaﬁak g'of 4 fspal r of

conducting pl ates arrange reciprocating in o Irections and
for codperati ngottonclfaimmetag ahdr st portion of the netal therebetween; and
one or nore heating el enpnts receiyved in.eaﬁp Fonductiqgwglate f or
a transfer apparatus for removing the first portion e metal away

from the heating position for transfer to the forming apparatus, the first portion

of the metal being formed by the forming apparatus 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 temperature being

pre-defined.

20

8]

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.

[\
W

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

(V8]

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:



provi ding heat to the conducting plate, the conducting plate conducting
heat to 15 the first portion of the netal. 6. The heating apparatus as in
any of clainms | and 4, further conprising: a controller for determ ning an
anount of heat necessary for application to the first portion_of the netal
so that the current tenperature of 20 the netal subst'AReRenPsy2e®nforms to
the set-point tenperature, the set-point) tenperature being defined by a
user, and the controf lghalb@iafitlg eheCtibl eahthdt wiNKECHSEIt thebplehl tlRggheat i ng
unit and the tenperature trans%ucer, the controller for receiving the
current tenper &uarellsplgni aid om t he tenperature transducer, and for
providing a heating aSil?r@fﬁlt P E:I?eerallp'eg‘tlimrzigicelﬂné(}n'dm%SexZénd-iIIhefrro]r%a%ienrgetg‘lppar atus
as inclaime, the édn ropiergconpr|s¥ng: a conparator For ob&ainlng a
tenperature di higihgnee: edvubeie tcbadsgihg piié,ach eoRBliahaifg ardnirdleaxeur r ent
tenperature, wherein the controller provides a heating signal to the
heating el enentgnerally Rpesndinelar dnplsg seta! engfite Ecemid Pog thi graesage Ak a

t hreshold val u hr es | u ' def. t.he and, t he
heat i ng elenen?g”% gsﬁgéng&ﬁngn%ﬁenﬁa%ﬁg eaﬁ%hﬁﬁg?%ﬁafgisail%Ei@gﬁ. 14
Sept enber 2006 cokdsp8ndifiheerhpabturegrapparcatatbe asndustiag alam. 6, wherein t he
controller provides a heating signal to the heating el enents when the
set-point tenperature is higher than the current tenperature, the heating
el ements provi dinagetaatapph@tustaign BRAE 1 NGie h§étg‘%"’\lniﬂ SniBkeigved. 5 9. The
heati ng apparatus as in any of clains 1, 7 and 8, wherein the first portion
of théOnetal conductaspiieat ¢anduétengs elatasdarpoged dnr aéciproeatimegt al oppdsengsecond

portion of the jgretal bei adjacent. tq the first paortion of the netal, and
Phe  second porlirdiPst SHhdoreRrentn g pampi Hiedar PYRETnEGt PhgPBBGI &1 on
when the 10 fi pigdretR@NEdn@an®f the nmetal is renoved fromthe same by the

transfer apparatus. _ S .
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 1 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 temperature, 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 temperature

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

25
7. The heating apparatus as in claim 6, the controller comprising:
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
30 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

the heating signal is received.



10. A heating apparatus for formable netals conprising: a heating unit for
appl yi ng an anount of heat to a first portion of a netal, the first
portion of the metal having a current tenperature and being 15 positioned
at a heating position, the amount of heat increasing the current
tenperature of the first portion of the metal and the!fSeembsseeloon of the
nmetal conducting heat to a second portjjon of the netal, the second portion
of the ngtal bekndadifd AR A ihRGiM ¢ StheRSh thOHRLIENSONRIES hefing
tenperature transducer unit for sensing the current tenperature of the 20
first portion eéfenglhe thethghting hlemeaspehen e sset-peint tonsratfinsris gigdeudhang a

current t enper,at ur e §t€%{1a

Rt e B LR R s sk e B e Vot R 21 <,

the first portion
control l er for sigatlesmdeivegd. an anount of heat necessary for 25 application
to the netal so that the current tenperature of the netal substantially

conforfs to a set-point tenperature; and a transfer apparatus for renoving

bosi ti oni fg_t hd e S BoERE asOlfy o EQTAT P7 BAEE DBt B B e
first portion of thhenewtaindbes ngat rarsf ecord pboionhef 82 Mmetali thg sapgair at us,

the first portion, of e netal .simyltaneously being formed by the form ng
appar at us whi | eo'a@atoff @eb%?tﬁlgb%%g}ﬁéae%o %S E,Sbﬁélr%’é‘_r‘?#i’ bp gtk gad teet al by
the heating un'séoonaﬂ)oﬁ?(m@Fm_@ﬁnggo&in# sY\’ﬁ%'é@QYtH&el%ta{iﬁQgtBng ShERhePOr tion

of the metal maintains the first portion of the neta or mabl e

t enpef@t ure, t hestfportimabifehe ewpérsatmoredidmghe sqopr o iheutaesfebyppaheuss et - poi nt
tenperature and the set-point tenperature being pre-defined. 5 11. A
heating nmethod for formable netals conprising the steps of: applying an

anount of jbeat A Rea@ink apSdratd®fdrifoimdble ReliB@mPKing: heat i ng
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
15 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 of the metal;
a temperature transducer unit for sensing the current temperature of the
20 first portion of the metal, the temperature transducer for producing a current
temperature signal representative of the current temperature of the first portion
of the metal;
a forming apparatus for forming metals;

a controller for determining an amount of heat necessary for

3]
wh

application to the metal so that the current temperature of the metal
substantially conforms to a set-point temperature; and

a transfer apparatus for removing the first portion of the metal away
from the heating position and positioning the second portion 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,



unit, the first portion of the nmetal having a current tenperature and being
Jpositioned at a heating position; 10 sensing the current tenperature of the
first portion of the netal by a tenperature transducer unit, the
tenperature transducer unit for producing a current tenperature signa
representative of the current tenperature of the first'4SpIFtPsAOWr the
netal; renoving the first portion of the netal away fromthe heating

position 15 by a trmb%'rh@aﬂﬂgrtﬁé YscomBhdrfi@Nof e hideal tRSinfaidsSthe PREL | on of
the first portion of theé netal to a form ng apparatus, the form ng

apparatus for fortwnngy themalad 4t a gmaablerten peraiou sheyfofoable tmpenatufei reste porti on
of the nmetal by the.faormn apparat us and appl.yi ng _he to second
portion of -t he hee M5 ph e SEBRRE e 2R i gy ke R B cona
portion of thepsetiéinedni ntains the first portion of the netal at a
set-point tenperature, the set-point tenperature being pre-defined. 25 12.
The heéting nmethod as in claim11l, further conprising the step of:

br ovi di ng gn_ard v A JSAREAREA BRI ANSHUGELASHEnORHR gIg the current

tenperature of the fFrst portion o t'enperature transducer
bei ng received in tbplytrenpeamburteoft ieansdadest poniidn afd rhaal bpaniehtg ont o
the first portion of .the netal, 30 13. The heating nethod as in any of
claims 11 and $9it WifefE PoftRn RES W@ta&rhavmgc%ﬁw?lgi lRgperpire 2006

13 one or'nnrepggﬂgH&;&quﬁhggﬁ@ﬁﬁ&{ nmounting onto the first portion of
the metal; and one or nore heating el enents received in each conducting

platelfPor providi ngereeg theocurieat tomptuattiiengf thi: diret, parhien obnlduoielahdypi at e
conducting heatter%;())erature transducer unit, the temperature transducer unit for producing a
current temperature 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 portion 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

pre-defined.

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.

13. The heating method as in any of claims 11 and 12, wherein the heating unit

comprising:



5 the first portion of the nmetal by conduction. 14. The heating nmethod as
i,n claim 13, wherein each conducting plate conprising: a netal mating face
for contact with the netal, the netal being generally planar; and 10 a
plurality of generally cylindrical conduit extending fromthe netal nmating
face through the conducting plate, each conduit havi nd*&crienier 8000axi s
general ly perpendicular to the nmetal matii ng face and for the passage of a

correspondi ng tenpepat Yk endrk RBAGUERE JIRES BIrNhOUAM gt & WP iR 1BRion of
correspondi ng tenperature transducer to the conducting plate. 15 15. The

heati ng met hodthesmétal;@hdi m 11, wherein the heating unit conprising: a pair

of conducting plates _arranged for reciprocating.in osin directions and
for cooperating to CMamh I}]‘%Sq?elaﬁgg ege&‘g‘t%fsoﬁc?)'f’e(?ﬁ'é eﬁ@fgﬁm%utcﬁ%g é%aéft’ en; and

20 one or norephRadihfBeflte MRNdondi@nii plad, the cefildtis® pAUCEInadc il gteat foor

provi ding heat to_the conducting plate, the conducting plate conducting

heat t® the filiesfirshppitippal die mile bygeaductips. The heating nethod as in any
of clainms 11 and 14, further conprising the step 25 of: providing a
controller for determ ning an anmount of heat necessary for application to
the first 1port iTaa hedtingheetiied ad insdaitnhEY, wiheeeii€ edchebhdicinplad vsrapiding:t he
nmetal substantially conforns.tod;he set-point  tenperature, the set-point
tenperature being def MY BPURS J8es fonRanteHeWiBntEoME@t: BiSi M§tabitster i cal |y
30 connected tg.holily fiBfrhgating unit and the tenperature transducer, the
controller for “recei'ving the current tenperature signal fromthe
tenpet@ture transdacgnialigndf gererghovyldidnigalacdngait iem¢endingnfibmt the trhealheat i ng

unit. 14 Septenber 2006, 14,17. The heating nethod,as in claim16, . further

Gonpri sing. ¢ he TEBAGT SR CRETE O GIRYLT P EORTRT RPEHGE SBREUCHR { he

set-pol nt tenpge@rallye 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:

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 conducting 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 conforms 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 temperature transducer, the
controller for receiving the current temperature signal from the temperature

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



and the current tenperature by a conparator, the conparator being received
Jn the controller; and 5 providing a heating signal fromthe controller to
the heating elenents when the tenperature difference is higher than a
threshol d value, the threshold value being defined by the user and the
-heating el ements providing heat when the heating signafertgniesd®ibved. 10
18. The heating nethod as in claim16, fqurther conprising the step of:

provi di ng 13 heghk Reatfigtiéthod hOM dA1g FORERE kShplifng BR AGAlINg el ement s
when the set-point temperature is higher than Fhe current tenperature, the

heating el enments pr @biadiing ahiempestian dififeretrsabdtweensthgrgl-ppiot temepsratar. 15 19.

The heating neth as in any of clains H 17 and 18, further co 1sing the
steps of: cond&?:?ﬂjﬁa’gc &4t %P?pgf%tlfrﬁgyfaicroglﬁab% g ﬁlgnco&pa{%%r %T%ﬁec?lg&{ e second
portion of theteioatrolléhendecond portion of the nmetal being adjacent to the
first _portion of the netal; and 20 positioning the second portion of the
netal &t the heati n§'Podingiadieatipg signglnhizomithe cojenlier ¢ thef heapiag glements s
removed fromt L r: ) ' hod for
formabl e net al S%gg?r%ﬁeg?ﬁﬁgab‘?ﬁtgqﬁ}g%g %Pfgﬂg@{hg%g?f}rfn%l%ﬁhlgﬁgrh%pg%s ﬁeat to a
first portion ohluabeeigalefingd &y hieatisengnd theiHeatididhdeikeits tprgpading dwatokhdnhe met al
havi ng a current tenperature and geing positioned at a heating position,
the anount of H¥tefRgPigadiihEFCENed-current tenperature of the first portion
of the metal and the first portion of the nmetal conducting heat to a
second portion of the nmetal, the second portion of the 30 netal being

adj acéht tl18. t hdhtihegingpoethpdas wfclaimel yéurdier cormpssing thehepcaft r ent t enper at ur e

of the first portion of .the nmetal by a. tepperatyre transducer unit, the
tenperature tr ansdu®EViqige ap}Fe(?hﬁ%?’r%alafr‘i‘ﬂ tggﬁ?‘gﬂﬂkf t‘?%ﬁeai‘ﬂ% eleenEnt _
tenmperature si gheh thepeepent ampRafe IshBighsl BRthE RUBCHATMIRrAfirel BR fir1 st

heating elements providing heat when the heating signal is received.

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 portion 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 method for formable metals comprising the steps of:

[\®]
wn

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
30 metal being adjacent to the first portion 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



portion of the metal; determ ning an anount of heat necessary for
gpplication to the metal by a controller so that the current tenperature
of the metal substantially 5 conforns to a set-point tenperature; renoving
the first portion of the nmetal away fron1the heating position by a
transfer apparatus and transferring thf irst portion 85eREBOF P& portion
of the netal to a form ng apparatus, fornlng apparatus for formng

netal s; positiQpjpg tErﬂEelﬁﬁﬁ;@ﬁ@mﬂQE reQRAtve bh?nerﬂ%ffrr%ht Rpehurb @ tHeesiPosi tion
by 10 the transfer apparatus; simul taneously formng the first portion

of the netal byottive dféherinal; apparatus and applylng heat to a second
or i on of 1 he mot a <l Ss AL arisd of Bt oo TR O o e RO
fornmabl e tenpemngtar@ntrbing §onimmbihe dueRpeiaipiauRebNghe aRRAIOXIbIRLEL]DY the
set - pognt tenp%g%%ﬂagKﬁgiﬂ%@ﬁﬁﬁgﬁpﬂghgf tenperature being pre-defined.
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
10 the 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
15 portion of the metal at a formable temperature, the formable temperature being

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

pre-defined.



