14 September 2006 1 A HEATING APPARATUS FOR FORMABLE METALS Field Of Invention The
present invention relates generally to a heating apparatus for formable metals. In 5 particular, the
invention relates to a progressive heating apparatus and method for heating formable metals.
Background 10 Metals can be fabricated using a variation of techniques4 feypexaraptederming.
Depending on the characteristics of the metal to be fabricated, some metals, for example magnesium,
requires pre-heating before substantial forming can be performed. 15 Conventionally, a work-piece

made from one of these &l Hél@t@‘%@"b @§|ﬁ%fﬁ@i§%hﬁt%—f@-§bricmed. 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 BERIRET ¥G0HMLe and a forming machine is inefficient when speed is 20 required,

especially alprg @ axadyclieribtngcRtrpateely toe tieahipRraiRFmashingeandaddrerheated

before forming the metal. However, the unevenness of the face of the die that is used for conducting
heat tothe RASHAUAT rESLIPMEHHATLURIRSRR e i PEPAIETS! i sHEBLIRS (R RRASRIYA Stk HREHE ™25 of the

metal to be fiosanied. fdrpaRIaméteRses 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. 14 September 2006 2 Summary A pre-fabricated work-piece made of formable metal is usually

planar and elongated.
Background

10 Metals can be fabricated using a variation of techniques, for example forming.
Depending on the characteristics of the metal to be fabricated, 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 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.



When directly heating a first portion of the work-piece, an adjacent second portion of the work-piece is
heated as well through conduction. Consecutively, when the second 5 portion of the work-piece
heated, only a short period of time is required for the second portion of the work-piece to achieve a
required temperature. Therefore, in accordance with a first aspect of the invention, there is disclosed a
heating apparatus comprising: 10 a heating unit for applying an amount SEPEaPEs 296 st portion of a
metal, the first portion of the metal having a current temperature and being positioned at a heating
position; a f&Hm{B%ﬁXparatus for forming metals; a temperature transducer unit for sensing the current

temperature gfgheriibpicatEinOBiRHREENGBE G firmiBIERRsRILIC Usaasy weaTar AR d siigsteging a current
temperature sigéﬁl representative of the current temperature of the first portion of the ‘metal; and a

transfer appdYRRIHEEFRAHBX RS S PRBIAB R LI W PHERIESEy A AOIRFERL SHRAAGRP I RIN for

transfer to thadquetingiagPrrasdaedas et pestigh edibecisialCaRsbaifigdy medibinthadonaning
apparatus while heat is being applied to a second portion_ of the metal by the heating unit, whereby

heating the SOEBAR PoftfoW YRR R EEAIIamth ASHRE RRAGLAE SIS HRAMERAIS: B sRTRe

temperaturepgigdeonaieviprRAwetREve apiorinaéatht@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 mespdfdhe irsicoordgiteftig Meiadthgdpag dEUREeHeniparaise andRelog@asitioned at a
30 heating position, the amount of heat increasing the current temperature of the first portion of the

metal and theAFAIRIRRALE B9 RIER % onducting heat to a second portion of the metal, the second
portiomof the metabhieingnhgdianefor tppgfigdrpamisumt of theametalirst portion of a metal, the

first portion of the metal having a current temperature and being positioned at a
heating position;
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,



14 September 2006 3 a temperature transducer unit for sensing the current temperature of the 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; 5 a controller for determining an amount of heat necessany fespaplieaioa 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 thé metal away from the heatigigd osition and

|

positioning the sec@ri8PRFIRSHBATARSHYSES WHHOheeRMY 15 SYETRBhaResiRYSorfidheofitrle metal
being tranSf?’dﬂ%dehﬁméoﬂﬁ@'tﬁg fHepRrAbesatiite freisaocipropighriopiglbaingiotaeskRike forming

apparatus while heat is being applied to a second portion of the metal by the heating unit, whereby

heating the SEEHGeRETERIICM & AheSimreniemps iidraraf fsiss Bertes pidhe Bekormable

temperature, the fogmabiinteapperai eobednghinpRerdnsated by 15 a set-point temperature and the
set-point temperature beinﬁ pre-defined, In accordance to a third aspect of the jnvention, there is

disclosedl a heatingrh2RHOHEEERh SRS HRIRB e RIDRR PRFes oY AP oRRRlcaHPa li‘ﬁ’ré'i"?)ortion of a

metal by a hgtilG e ikt e RPrénstaapbenueé bremetathavingaatriyanhRmpeiause pathbeing
positioned at a ﬁgeﬁ@ position; sensing the current temperature of the first portion of the metal by a

temperaturet{er@ Gﬂ‘ijt, the temperature transducer unit for producing a current temperature
signal representativeteindfer cippgratie mipeeataengf thefilt fetidpnodfiteemelnaata); filemauing the first

portion of the metal away from the heating position b transfer apparatus and transferring the first
Portion of thGSEGINET RO B I SEEABeRLIET L Aol Hpfia o Fah Rming

metalsi@nd piitisanerukilstipomiog dheré siqartemgfitthesfoetal foytHaef by hemraraiUte
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,
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

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
25  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.



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. 14 September 2006 3a In accordance to a fourth aspect of gaptdrvenbions 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 first portion of the metal having a current temperature and being
positioned al A& RERARG 9 TRINIREPSR QP f rl‘l\é’%ﬁ“%rg%%& fHeckonse R heRHPE BRIAOYT the first
portion of thegnpliadiagdHdsdjssbportion 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; sensing the current

temperature of the AP YIBAHH BPNELAELAA Y2 THHPRPIRARTE BRI NG N E R rature

transducer fojr ir QdreHR ¥ GHEr it MRPRglure Fianel tpRiestivative Adng podirihtempesature of the
first portion of the metal; determining an amount of heat necessary for application to the metal by a

controller so'teAHNHPeIHM RFrHBRLRHETREAE HREBIFLIL IS IR ESHIATHRIYE LERe1 B oint

temperaturepgefidvevitatteeniell ROk ane ofi thiepateieh avaefiastalheoheadtng nesitien dyeoti@nsfer
apparatus and tr_ansferrinr%the firs;ﬁportion of the first gortion of the metal to a forming apparatus, the

forming app@RHRBF 1 3! e SRS IR HATL D M PpiBA AREd MBeH S AR hting

position by taethOnieagisfer apparatus; and simultaneously forming the first portion of the metal by the

forming apparatus and. applying heat to a second poytign of the metal by the heating ynit, whereby
eating the <bconcBESIG BEH e R CE 11 HloR T ahethalh J0Sibr Maide

tempergguretdimpdritiableateanperatiie, benaanpsaximatesnbucer for producing a current
temperature signal representative of the current temperature of the first portion of the
metal;
determining an amount of heat necessary for application to the metal by a
controller so that the current temperature of the metal substantially conforms to a set-
15  point temperature;
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 temperature, the formable temperature being approximated by

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



25 a set-point temperature and the set-point temperature being pre-defined. 14 September 2006 4 5
Brief Description Of The Drawings Embodiments of the invention are described hereinafter with
reference to the following drawings, in which: 10 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 conpuséegrpéatesom 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 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
relativel§ 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 RSP SICIPEEREhBBR Stigy/Ings

Embodiments of the invention are described hereinafter with reference to the

following drawings, in which:

10
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 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



5 temperatures above 600 degrees celcius, warm forming, super-plastic forming or forging at
temperatures between 200 and 350 degrees celcius. The heating apparatus used in conjunction with
processes for warm forming, super-plastic forming or forging of magnesium. 5 An embodiment of the
invention, a heating apparatus 20 is described with reference to FIG. 11wbigkesbevesesfront view of
the heating apparatus 20, and FIG. 2, which shows a plan view of the heating apparatus 20. The
heating apparatus 20 comprises_of a pair of conducﬁ’hg plates 22. Each conducting plate 22 is

block-shapelfARETAREES POTR AP &GHEFacEeEAUSH AV ARBYAIGHBKIGY FAPErPIastinJHTHHE . OFhe

conducting Fgigirat@mpdraiiret detwesalyomrRastu Heg-dases b oenpiaibansgrppdicuiar to the
metal mating face 24. A plurality of heating conduits 28 extends from one side face 26 to the other

side face 13/9% alfy FRAVHIGUPR MR RIRCTRSHSTQENNRATY PRI tSHRE RREIIARI A 24. Each
heating conguiy#ty isfshagediand 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 §hrough the conducting plate 22. Each temperature transducer conduit 32 is shaped and

dimensionedyieergssditinh BoPPHdanveatin g heaning ugparsdud12oat uedtgibet agihhertiagcelement 30 is
electrically connected to a controllerénot shown) and for. providing heat to the conductingrr)late 22.

The pair of dotaubtiMIsaR0Ys & EQOhMEWPL m%rhfﬁHagaQEBﬁﬁﬁﬂfs@mﬁfmtﬁéQn&aW ng face 24

of one condygting alpien2dielb oppRsheatRiyCappaceds JartreMdhathaiphrmridnznfacm@4sed the other
conducting plate 22. The clamginé; assembly 38 cooperates with conrgg:ﬁtgn plates 22 for
(955 20 S

reciprocating’ HePBE I R BIA8R1155 4 5 p pBSHEP BRUHIBhRIAB AG 18 PEB RGO~ %0 the metal
matingii@ce geta30nbhiegctasepingrsaRmabinamhisfetectacriivconnectathéactherairigplate tire controller

for controlling the clamping assembly 38 to pasition the conducting plates 22 at either an open
usition. s ERORAA Bh BRARCIDCOMRCHILAIIE 655350 o068 FI ReTe e 10 the retl

mating face 24.

A plurality of heating conduits 28 extends from one side face 26 to the other side face
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
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. 1. In the open position, the conducting plates 22 are



close position as shown in FIG. 1. In the open position, the conducting plates 22 are 14 September
2006 6 spaced apart for the passage of a metal 40 therebetween. The metal 40 is preferably
magnesium alloy, the metal 40 being planar and elongated in shape. The metal 40 is held by a transfer
apparatus 41 with a first portion 42 of the metal 40 5 in a heating position $aaitsheveopbetween the
pair of conducting plates 22. In response to the first portion 42 of the metal 40 being placed in the
heating position, the clamping assembly 38 brings ti¥e conducting plates 22 to the close ?osition. In

the close poditfcid MR hiBtNMARGIRE 2AMsHal AhthefsBERRY plahe P AR therrietal%o. 10 The
controller pregRR@EsitAtRSEhealing Iseaiab el aRawdhiibeiReatipg elements 30. The heating

elements 30 generate heat when the heating signal is received from the controller. The conducting
plates 22 conduct heat from the heating elements 30 to the first portion 42 of the metal 40. The

conducting piatemedlae isheshdpeckRndraimansianed fouigyenlyshpating e dirsidridtans? of the
metal 40. The first portion 42 of the metal 40 has a temperature that is sensed 'IE%/ the temperature

transduCers B4 2 THEHOE ROSHOR: (ROhHHUEYs ReNEEREE PAnRerantwrtnigniittid %hoviih) being

representatiygspbiie {6 meenigstipe dioia fiwt pertittaf 2@behdhadbatah4Bdoretimng pisgion, to the
controller. The controller compares the temperature signal with a set-point tem?peratureﬁ%mt shown)

that is pre-d&ifhelBHIRY GSa R haSHREReT M PSP KRR AP e LR RIOSPRAPE B thid 7€t portion 42

of the metal 4@ds ppsigibiNanctheset-RAing Rldempereitiesdheueany g CoNERUeHe targmit 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-poing temperature. 30 Alternatively, a mathematical function is used to generate a temperature

margin (not o B B TS B Remiog S T SRR o e e o
elements 30. The heating elements 30 generate heat when the heating signal is
received from the controller. The conducting plates 22 conduct heat from the heating
elements 30 to the first portion 42 of the metal 40. The conducting plates 22 are

15 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
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



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 14 September 2006 7 difference
between the temperature of the first portion 42 of the metal 40 and the set- point temperature. When
the temperature difference matches the temperature margin, the contrallesgiepséraosenitting the
heating signal to the heating elements 30. 5 Upon the temperature of the first portion 42 of the metal
40 reaching the set-point temperature, the controller7signals the clamping assembg/EBB to position the

conducting plHfEenSiRaNERH I SeBRRIALUTR AR SIE! REFIRA S ohtiRdASHbLERAAY {Be S8fhove the first

portion 42 ofiatReigkARIONVReN@atiagRasilirndiThecie nRacies e ehiperametahispgiaferred to a
process equment 48 for fabrication, The 10 process equipment 48 is preferably a forming machine
&Hﬂ'e{%ﬂlﬁ’r SR

that requireSREFNERIIAGRPHE AR FHRN HI datnges! &ERPRRkt-point temperature.
When the first portion 42 of the metal 40 is being heated, heat is conducted from the first portion 42 to
a second portion 50 of the metal 40. The second portion 50 is 15 adjacent to the first portion 42 of the

metal 48. ReARSDIABEARMREtaYSRiGH W diehPoRkeal 46 FloMmetReRlAih §FRTURG NGy SHPRhster

apparatus 4leaisa@nentiyepesiienidethsi gegonth@ostienphih ohthenBialka0 @t theshratingeposition.
The temperature of the second portion 50 of the metal has already achieve a portion of 20 the

set-point tentBBAYEIRORIVET K < ShHFRRFNRREH e fifd PAREESH BPRRIHE HhdtanaR ORLeiiG heated by
the conductipgrphesm@ Jirshaeeivie. 42 vofl tesluiaaa dooftempeiioteaiinsotpnidhe tempeiigture of the

second portion 50 of the metal 40 to reach the set- point temperature when heated by the conducting
Siatos 25, 2D foh i R GHLE ML A OO PRI AT ARG (b bt oo

reducesothernedesbegliintleredsvisiprigaunug foredigmatindeced rotpifee metabd 4widisea short time
period. This is a%'ig{éﬁge b%/ rogressive heatin th?gergetal 40 usin%the heating apparatus 20 by
segregating tha 1o ;5 t.%?sﬁ‘%’% t %rﬂ?'ﬂ&ﬁm’? 8ldfthe metal 40 by conducting

heat from the first portion 42 of the 30 metal 40 that is being heated, consequentially by directly
heating the %Hé%”%g ?l%?%ortion 42 of the metal 40 is being heated, heat is conducted from the
first portion 42 to a second portion 50 of the metal 40. The second portion 50 is
15  adjacent to the first portion 42 of the metal 40. Removing the first portion 42 of the
metal 40 from the heating position by the transfer apparatus 41 consequently positions

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

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

point temperature when heated by the conducting plates 22.

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

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

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



second portion 50 of the metal 40 to the set-point temperature. 14 September 2006 8 In the foregoing
manner, a heating apparatus and method is described according to an embodiment of the invention
for addressing the foregoing disadvantages of conventional heat treatment methods and apparatus.
Although only one embodiment of the invention is disclosed, it will be appaeetehitepp@skilled in the art
in view of this 5 disclosure that numerous changes and/or modification can be made without departing
from the scope and spirit of the invention. 14 Septerrﬁ)er 2006 9 Claims_1. A heating apparatus for

formable metAfe EPReARinGMAMSAR JEAIRIGPRAAHM GNEHTREHIOGHE Sepriied 2 ERE BB of a metal,
the first portighidingemets havinmeeatiBientdenuaaraisie amskbebiegSimpsiienrdrhgebeating position;

a forming apparatus for forming metals; a temperature transducer unit for sensing the current

temperature OMFAUORA! NSatdFFaTmARL Msthpdhand ARRdratise AiRoyaRAbwR18LHBeIENREa current

temperature gfignaifeRese NaiEREIh & GHITeRtHsRAtaBIROIkNR ARt HOapAHIORWIdhgetal; and a
transfer apparatus for removing the first portion of the metal away from the heating position for

transferto tHESIASHHY BHIAARISURHENARIED SRR BCHHEGAen BiNG PBRAFWIHIPHIAI$BAMIAY apparatus
while heat isthgintheappliedrie EfcsMeoPRigRien 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 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 ong ol el %r%%g’ng 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 céhduction. 4. The heating apparatus as in claim 3,
each conduc%@rﬁ?ate comprising: 14 September 2006 10 a metal mating face for contact with the

metal, the metal begeaeneEphuratands fstechabmurRlitysebagipially cylindrical conduit extending from
the metal mating face through the conducting plate, each conduit having a central axis 5 generally

perpendicular to the metaPri8aHaorARL JRH 3BPIHEHA8AYAWH LEORESIoAdIR RAFIRETATA transducer

therethrough to couypigathen£oirgspsiding teRPRIaH realimase UtrFd® tampenturetinginbaiggS. The
heating apparatus as in_ claim 1, the heating unit comprising: 10 a pair of conducting plates arranged

for reciptocating in BRPBRNY AirdtIRY BAYUBP cooperating to clamp the first portion of the metal

therebetween; and one orgfefieingaiparelestentsangjvaestanseach conducting plate for providing heat
to the conducting plate, the conducting plate conducting heat to 15 the first Egortion of the metal. 6.

The heating apparatus as HEPRPEHYSIHANSIURRS UNK IR SPRBngdheiRg et a4 Jtmining an

amount of heat necegsasyrtiin of the metal, the temperature transducer unit for producing a
current temperature signal representative of the current temperature of the first
10 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 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 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:



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 temperatﬁesé;{% (épg 6and 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 temperatuf®, WG BREdifr RBREe ¥ Eh BN &Rindnto B RRIRG elements
30 when the tempegatisral Hiffpapacang 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. 14
September 2006 11 8. THe MEEHY %Qﬁpéfﬁggéyﬂrﬂgﬁﬁ'&%ﬂ%‘ﬁeﬁ’f%'&@nﬂ%&ﬂﬁﬂﬁﬂ@s a heating

signal to the heatinghglipneads WRaH N eebROIRtIR S tHEen s gD R iBARg the stFegriiemperature,
the heating elements providing heat when the heating signal is received. 5 9. The heating apparatus

sigr
as in any of claims 9€MERHY PERIBALH I Birie AHEh TBEYAE MAEEaRAREHR denRasa98n cond

portion of the metagdhespenand Peshareetine meiatdeing adiaesmicighe tyst pedien otibe metal,
and the second portion of the metal being positioned at the heatigg position when the 10 first portion

of the metal is rem&9EEPORA IR ERPRBY thEapsfiger Qipa coRiictrd Ri¥eating apparatus for

formable metals 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 15 positioned at a heating
position. the Smourk 51 HAHTHEREAGHE B5TLGRERL. e heating Unit SompFising:

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

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

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.



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 §L¥gggfjt5ﬁm@%%ative of the
current temperature of the first portion of the metal; a forming apparatus tfor forming metals; a
controller for determining an amount of heat nec_esséﬂy for 25 application to the metal so that the

current temperaturd B¢ (A AGAPPSIAEANIN G IR Britetsia hissnietierponlssed ARdiagranster

apparatus for remoyijgghthe kst RAKIRN QiR R QFREAWRY sétqiviHhecAaRiRG RS HrghapghaAsitioning
the second portion of the metal at the heating paosition, the first portion of the metal being transferred

to the 30 forming appFafHIRTHRERREAINERIHH SEAR AR TS RIS REBE MR ¥ aHThe forming

apparatus while hegigisaPpingcaivelied to a second portion of the metal by the heating unit, 14
September 2006 12 whereby heating the second portion of the metal maintains the first portion of the
metal ata formable temperature, the formable temperature being approximated by the set-point

temperatureq@nd thgtrebdeing pRaraweipeing opafpiined. &nd 3, Ahgaiingatatigdiesiormable
metals comprising the steps of: amliqrg an amount of heat to a first portion of a metal bé/ a heating

unit, the first portio? bftRePhtaf O Ne SRR HAR BEIHY PEiitol¥d 54 Reating

position; 10 sensingdhgopustent teiapemine afjitentiret prrins: o metahbyrtierapermaire
transducer unit, the temnperature transducer unit for producigg a i .
second portion of the metal being positionedat the heating position when the

10 first portion of the metal is removed from the same by the transfer apparatus.

10. A heating apparatus for formable metals 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
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
25 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,



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 portign Qépqéﬁ\ﬂgf%bgy 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 p?ﬁ?tion of the metal at a set-point temperature, the

set-point temperature beit"PRMEFAERY JBe15ecPRd RRLiRTY Phelisomeidlimainiains: theirfer comprising

the step of: providingapRuehehemRe R rmiAescpersies, IROSHMABR eoiipsratieamangture of the
first portion of the metal, each temperature transducer being received in the temperature transducer

unit and for mountif§RSAYRAEHRY PeBERIPtHEPREAILSFIE e HRAKH EMBHRHTELH NNy of claims
11 and 12, whereinpiiaegefigtiélg unit comprising: 14 September 2006 13 one or more conducting
plates for mounting onto the first portion of the metal; and one or more heating elements received in
each coﬁducting plate for providing heat to the conducting plate, the conducting plate conducting heat

to 5 the firstjportiomafeimgetahby rTdHEHDR. rhéals® MPAkINT thetiepsas:in claim 13, wherein each
condu'cting plate comprising: Iairr]netﬁl rpnatirrl] f?che fﬂ confti?ctt wiH1i tRe ]gnetr%ll,tttp% maet%att)ﬁling generally
planar; and applying an amount of heat to a first portion of a metal by g
unit, the first portion of the metal having a current temperature and being
positioned at a heating position;
10 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 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.
30
13.  The heating method as in any of claims 11 and 12, wherein the heating unit

comprising:



10 a plurality of generally cylindrical conduit extending from the metal mating face through the
conducting plate, each conduit having a central axis generally perpendicular to the metal mating face
and for the passage of a corresponding temperature transducer therethrough to couple the
corresponding temperature transducer to the conducting plate. 15 15. The mger%ggod as in claim
11, wherein the heating unit comprising: a pair of conducting plates arranged Tor reciprocating in
opposing directions and for cooperating to clamp théirst portion of the metal  therebetween; and 20

one or more heating elem&hfsYeB¥RJARWSHAL BRIt fitlg PRt BHOVIBMERERPIEHRSEonducting

plate, the conductingephadgcangucting 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 cantroller for determining an

amount of heat necessaryot YpHRaHSTHEHIGTRENFoFaeH LR RIS FBAHEING PLale Lot
temperature of thepwms/ialisy Rehafsiatly @AM i1dke hetcepliicligprartieendingisghping

temperature being defined by a user, and the controller being electrically 30 connected to both the
heating Rnit and thdeHSEPRIAD PLHETES! BYEORIHEUNRr for receiving the current temperature signal

from the temperature transducer, and for providing a heating signal to the heating unit. 14 September
2006 14 17. The heating method as in claim 16, further comgrising the steps of: obtai_ni_rrégla

temperature HiferehB8 HeASeReod s FofRIBrhpetgTAN SAeh HRNEHFRLL RATERITRIERS, a

comparator, the comparater heifag rageneddte the comeiewiendte piedding@ hradingsignal from the
controller to the heating elements then the temperature difference is higher than a threshold value,
the threshold genérally planar; an

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



value being defined by the user and the heating elements providing heat when the heating signal is
received. 10 18. The heating method as in claim 16, further comprising the step of: providing a heating
signal from the controller to the heating elements when the set-point temperature is higher than the
current temperature, the heating elements providing heat when the heajip @itgﬁl]@uaéﬁgeived. 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 s_econdlﬂ)ortion of the metal, the second portion of the

metal being AbjacerGRIRISNENRASS BY HlmtRafUHher S6PBURIBAING BRPS8E0Nd portion of the
metal at the heating positightayWived Ah@rfipei-Rortol iR dneialdsramovad bpmitagsameeby the

transfer apparatus. 20. A heating method for formable metals comprising the steps aof: 25 applying an
amount of heat to ARTBGHIEFNOICMRRIAVIRLY ACARA /I, THRCHEPRRHEEADRIHEGFYEY Waving a
current temperaturgnang@hedngr:pesitioned 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 PR INAE d1saURA PR Tarmike seniratier faitts Aspiishe A Sirst portion

of the metal; sensingh&ietre tEpnidemipe e ftneHighepariien eiréssonaelalueythe tBrepasRiure
transducer unit, the temperature fransducer for {producin 14 September 2006 14a current

tomperature signal YALFLCERGAEERALRY the Al A Sie Beringralounares RIGHIBIRPAGb Wheth

determining an amenih&dtitgadi eaassecyifet application to the metal by a controller so that the
current temperature of the metal substantially 5 conforms to a set-point temperature;
10 18.  The heating method as in claim 16, further comprising the step of:
providing a heating signal from the controller to the heating elements
when the set-point temperature is higher than the current temperature, the

heating elements providing heat when the heating signal is received.

15 109. 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:

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 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



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 thﬁ@g&d%} gtfé)rming
apparatus and applying heat to a second portion ofitiye 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 temperat ¥ 58HHEMRE KSR PR RELING iRk tRs ryerent FempsiaiHee ithe Mistemperature
being pre-defined. fyfi5Adf e ARRARATUS FOR FORMABLE METALS Abstract Some metals, for
example magnesium alloy, require pre-heating prior to fabrication processes such as forming. A

conventional pre-heating [FEIBRHRE B MCARPHIE haatd1ecssam deeane iAo st imgBAn

alternative practicef predtaiing e ther @l farraitgeRaeine ey tReUhdtBRaBapHINGe lifespan of
the die or lowering the _productivity of a production line. The invention achieves shorter heating time

and reddces therm&P SRS iR ERP U HEBRREWE metal progressively using a heating apparatus.

The heating process of a maialiaaar ¢uatpditisatobyhbenttapavagaend e mtienieg pdvieist by
conducting heat from a first portion of the metal that is being. heated, and next, by directly heating the

partially heated secddhdl PG, SRRAG A fBaﬁsfSFH%ert%H%MHR@.OHB%@ st 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.
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