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Reheating Process and FEM Analysis of Inductive Heating
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Abstract

For the thixoforming process beside an existing solidus-liquidus interval, the reheating
conditions to obtain the globular microstructure are very important. It relies on the control of
globular microstructure of semi-solid alloys that contain non-dendritic particles. To obtain the
globular microstructure in cross section of billet, the optimal design of the induction coil is
necessary. Therefore, in this paper the optimal coil design to minimize electromagnetic end
effect will be proposed. The results of coil design were also applied to the reheating process to
obtain a fine globular microstructure. Finally, reheating data base of aluminum alloys for
thixoforming and FEM model for induction heating based on the optimal coil design have been
proposed.
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1. A &

Thixoforming 414 7+ Azke] @3 9 wag #o Ardar] ARfHE FE 2Qe) A
A7t Fastth A3 MAe FASE Angeld, Wae HA Holo] AHAM FE dwo] F
s eby] W] S REsb wAstA Wuh wpebd sl dAY HHs fAolA melEofol &

He ;Y Aol Wl Aol Atole A BAEZ FASsE Holrh' Wy Lx e pe
FAAl 28 FEAS 2V YEL, 2LV BE 2L Aol Ao RRE SE5FE oA HA

Aol WA ate] 7|AA Ao FUEA EE A EFo] Hrp wEFg 4 FF =)o waky
A7tE Z7e] HE7] W&o Thixoformingd S A7lE A B3 D/B F2o] 23
g8ttt mEtA B A7 ME wE g Ao EHe Ao wela] TAEE 2FL AL 5 9
- 3 3 &

e RE MG AAUES 488 6ol RS A7 E oMo At A
A7hE A¥ R FEM sA S Fetel mal el ehgde dFenz s

2. 7Y AZLS A FE AD A2 7Y AA

d A7FEE st B AT AME Fig 104 FAIS wie} o] &g AIALE $% 7Y A
AR5 60Hz)el 2 ZHol He mdel W4 DiE dAsGHGY ojgxqoz 398 AAG
Ay AlH9 AZ7F dXI=60x90(mm)el A356, A2024 A A B dxi=76x70(mm)¢] ALTHIX 86S
2AE 78] 115* Y9 A7|E Table 13 #o] Xﬂ°}o}°4 A8E Y3t 2 dFoA A
A NHEF AR FE ME Ao (FI 60Hz)Y Y AViE §Ee F59 i7]°ﬂ u} 2
A 2Ale) Aude ZAA #dd ex 23 2 A 748 3L 948 5 U §E kG =
719 D/B 7% 8% Acg Algdr)
Table 1 Designed dimensions of induction heating device (f=60Hz, 6=10.7mm, k=057 for A356,

k=056 for Al2024 and k=058 for ALTHIX 86S)

Billet  Coil Inner Min. Heating  Optimal Coil Wall

TT'

Alloys Diameter  Diameter Length Coll Length Thickness :
(d; mm) (Di; mm) (/, . mm) (H; mm)  d(mm)
A356 60 34 72 97~147
Al2024 60 34 78 103~ 153 10
ALTHIX 86S 76 100 141 166~ 216
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3. A7td 49
B AdoAd AR E SSM 2AE d¥t¥ oz 2Fa RENEA Zo] o83l Fxrgog xg
2 PECHINEYol A Azpr7] wuto 2 Az=lojxl A3563 ALTHIX 865 % FZ& &8 <&y
97342 AdE2 AZHAY AR24E ALE3H L Table2E 7 2419 stgtzA & vehgle
o A7rEd 249 vl F2E Fig. 29 Ve CE
Table 2 Chemical compositions of A356, ALTHIX 86S and A12024

Si Fe Cu Mn Mg Cr Zn Ti Pb

e MinCo 65 - - - 0% - - - -
Max(%) 75 015 003 003 040 - 005 020 003
Min%) - - 38 03 12 - - - -
AL (%) 050 070 49 09 18 010 025 015 -
ALTOIX Min(%) 55 - 25 - 030 - - - =
8S  Max(%) 65 015 35 003 040 - 005 020 003

Fig.2ol A B 4 d5o] A356, A2024 2 ALTHIX 8659 fd4aAe 743 23S ofFn 9=
Aol ozt obF HAE AR o) FojH UFE & F Uk

A356, Al2024 A L ALTHIX 865 2 & 27t Fig.1l® Zro] dx/=60x90(mm) ¥ dXxI[=76xX70
(mm)9 Rz 7Fste] £9 0KWESS: 60Hz) F 25 ol &34 Astd 498 3.
HFER29 71E YL FigloalAeh #o) A356, 412024 A A= D, x H=104x120 (mm), ALTHIX 86S
27 DoxH=120%180 (mm)Z A A, A3l AJHe] U3 A HER & AEE ddch &=
Tz s vl Alg st 228 U] A3k HHe Y 238 27 48 fFER 25(Q),
A7tE exd =EdleE A7), A7FE EE(Th), AME &xdd A FAAIRMEL) 5-& H3A7)
A daglo] dalHed 2 22X o vMRAE FEAE 2 a8d AXY ANYE 23S
Table 391 Vel gl em, Table 39 A& 7139 Ao Fig. 3o bt

Table 3 The reheating conditions for semi-solid aluminum alloys (A356 and Ai2024
with dX {=60X90 (mm) and ALTHIX 86S with dx /=76X70 (mm))

Heating Time Holding Time Heating Total Capacity
. . Temperature .
Alloys ta(min) th(min) . Time
TC) (min)  QKW)
tal taz ta3 thl the tha  Tw  Tha  Tha
A356 4 4 1 1 2 1 350 565 576 13 125
Al2024 ” 3 Y n 3 n n 603 616 13 8.6
ALTHIX
863 d 3 567 578 15 5544

4. A7tE A9 49 2 u@

Figdy A8 50%9 55%° &8t A3569 mAz=g el ZAolg, A&l 50 %(534
)Y gt A7td T A4Fo) mae) osta WA syt FHEE ol A AstGR A
He Yoz ol Frt o WA A¥ A¥L 57 Ystd 2 55%((676 T)E At
NYe QT AL HolASFE AR FEE umx e nAT ojae] Tio] wWaEslA
Bl agln nArge) EolASE Ty %7 Porlmz Aol nAsl Amvh A
Fig.5% ZA&o]l 55%Q A% A7E 28%F (w1, 3, 5 8 mine 2 WAL o) A20249 =
2) W3 s Jebd Rolth A356L twrt Zvhgtel wat 2xo zdst FEvE Fale] VeSS
o 4= gD P g ARAE w7t EHEE Bratn 2o Fard HErE A3560)
Hla) etz %42 o4 4 Y. Fig6e Fig. 19 dA $1x (a), (), (@A #28 ALTHIX
8659 mAE FAs 2He HEm ok webd B Aol A A" z@e] HAste
Apade] dZEE A

3 S Ay] YeiME 2 AAY Holo wEtA 7 o

= o] 3 Z2ade & 4 UAk? el ArrEA

Aol ReFE2 FH 2AHE HAE HIst AF &R A AHsRe By 4T

ol%o] olalg WFo] LAE 5% A7 s Aol wiFAsTin AT B AF)A At
# 4719 D/BE wlAE 73 22 dE d #83% o g
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5 %% 7199 FEM 34

f% A4S daw, Ay AREY 4u48s TFET slseHd wEsRw ohygd
Ztzte) fobEe] WE A9 BEHAE FAAFS Aoldrh. fE 7h29 FEM siael S3e 1
2ol A7), el A7), dH Fageol 2& Yddt FANSs] JFS AAET] A% FEM 34
B e yhubaly] Yol fx 2d HAY FE JIETH9 FEM ML HaM, HE 3=
ANSYS ™g Apgstgot. ANSYS ™ obAH(Eddy Current)d fF =2 3 F$ 7193 dx,
WR 2 BAZ A% dADe Ao mdyd 5 gk tiLe] ANSYS ™Me a9t £ ¥
33l W45 (Alphanumeric Variables)2 2 A& AdAE = o AL85 = PDL(Parametric Design
Language)°l 2t 7% & 715

4% 7199 FEM Mol Ba3d B43E A% 29 A4 A7g 4¥¢ EdZ 3A0 Fig7e
SSMe] dafAiel] AbEE AAZANLS Vel gtk Fig7old & 4 %ol 3¢ stdol o&) o]
Ewo] 7tdEn AT o Wae] FHOZRE FAZ AsHibo]l Adojdh, w3 FE HHAA
= g g9 AuFel ABA &40 meHojol Frh Fig8e Zull s AL8¥ Meshet
=E2Xo g FEM 34 24E Jehlx ok f5 39 AA9 Artd 488 EdE & FEM 3§
Mg Estd, WA AgsE b Yad & uE ey Y A D Axy) 24H o) oA
a2 AR WM Holg AFAS 4 5 AT t1 el SSMO| EF 2 av)d wE HF Y HAES
EQZ 3 §% 7tdel FEM o4 Adi: 45 71d 48 A9 dxsg9c” 2 FEM s Ags
SSMel R 2 Avlel weld #UAF SERE DL v FAE 2X1e AL & A A DB F
Zo) 448 oz AlgHr)

6. 4 &

A356, Al2024 27 3 ALTHIX 86SE ol &3 A7tE 48 R /% 7199 FEM s & §319
e 2o AL EEE F Ak
(1) SSMe] ZFFet ar)d watd H=xr] g &3} (Electromagnetic End Effect)E H431& 4

AE AL FE 7S AN2"0nE8 A¥E 60Hz) o A Y AAE AdstHh

(2) SSM9] %= A7) wibr LA Ao AAAM A3 2% ¥ F vlHEd A3 F
AL = RE 7MY 219 D/BE FE3Ad.
3) H3 =Y 4AY +E 71E9 CAEE T3l A28 FEM &Y 22L& Atsdoh

pagetn LAY 2 39718 AF2(ERC/NSDM)E} A\ el ofske} o] #ox

e
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) (c) Fig.1 Schematic
) T Illustration of (a) A356 (b) Al2024 (c) ALTHIX 86S
+ Thermocouple Induction coil and Fig.2 Microstructures of raw materials
positions billet (A356, Al2024 and ALTHIX 86S)
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(a) fs=50%, Th3=584TC (b) £s=55%, Th3=576T
Fig.4 Microstructures of semi-solid alloy obtained by three-step reheating (A356)

(a) tns = lmin (b) ths = 3min (c) ths = Smin (d) tnz = 8min
Fig.5 Evolution of the microstructures of semi-solid alloy for variations of holding

time (fs=55%, 616°C, Al2024)
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Fig.6 Microstructure of semi-solid alloy (ALTHIX 86S, : Torer 1
fs=55%, tai=4min, ta2=3min, ta=1min, Tn=350T,

T42=567°C, Trg=578C, tm=1min, tw=3min, trs=3min, T8 Input data diagram of

Q=5.544KW) heat controller
TIME=300 TIME=6088 TIME=838

TEMP TEMP TEMP
SMN =229 SMN =426 SMN =574
SMX =224 SMX =2gg SMX =g;z

220
y Convection L 22e % 426 L 574
Radiation Loss . o, — - 575
—EE — mm 273
[T 428 575
- [ e - S
[T [ e S
i - 50 .. 5
Joule Heat Generation mm 422 mm 376
Conduction EEE 459

Axisymmetric x

Fig.7 Boundary conditions to induction
heating process with inductive
coil design

(a) after 300 seconds (b) after 600 seconds {(c) after 830 seconds
Fig.8 In the case of fs=55%, temperature distribution of reheated

A356 billet with dx/=76X90 (mm)
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