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Reheating of Semi-Solid Material Using Multi-Capacity Induction

Heating System
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Abstract

Many processing times for fabricating complex shaped parts by near net shape process such
as thixoforming or semi-solid forming, are required due to the time for die design, induction
heating and forming process. Therefore, for the thixoforming process, multi-capacity induction
heating process Is very important due to the reduction of the processing time and cost. It is
indispensable to adopt a power-time heating pattern which manages to conciliate complete
eutectic melting at the core with limited overheating at the periphery. The total reheating time
is thus dependent on billet diameter; in inches (£20%). Typically, high frequency is used for
the rapid reheating of the billet to the eutectic temperature range and low frequency for the
remelting of the desired fraction of liquid and for the radial homogeneization of the liquid
fraction. So in this study, the multi-capacity induction heating conditions of ALTHIX 86S alloy
to reduce the processing time and cost would be proposed. The suitability of multi-capacity
induction heating conditions would be verified through the comparison to Garat’'s data.
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Table 1 Chemical composition of ALTHIX 86S

Si Fe Cu Mn Mg Cr Zn Ti Pb
ALTHIX Min(%) 55 - 25 - 0.30 - - - -
86S Max(%) 65 0.15 35 003 040 - 005 020 003
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Table 2 Experimental conditions for multi-capacity reheating of semi-solid aluminum
alloy (ALTHIX 86S), Test specimen size: dX [=76X70 (mm)

o

Rehgatmg Holding Holding Time Tgtal Capacity
No Time Temperature o (mmin) Time QKw)
t.{min) T:(T) (min)
tar ta2 tas Thi Thp Thz by the w3 Up to Thy  From Th2 to T3

1 3 2 1 30 57 578 1 2 1 10 8.398 4.096
2 7 " " " ” v 10 7.480 "
37 " " 7 " " 10 8.398 5.544
4 7 77 " " " " ” ” 7.480 "

5 3 2 1 350 567 578 1 2 1 10 8.398 3912
6 ~ 7 7 7 ” " ” " 7 " 7.480 7

7 3 2 1 35 567 578 1 2 1 10 12.255 8.398
8 3 2 1 350 567 578 1 2 1 " 7 7.480
9 7 7 7 7 ” " 7 7 " " 7 5.945
w 7 " " ” " " " 3912
i " " 1 2 1 10 " 4.096
27 7 "7 " " " " " " " 4941
37 7 " " " ” " " 10 " 5.292
v "7 7 " ” 7 7 10 " 5.482
57 77 " " " ” 7 10 ” 5544
w6 " "7 " 567 7 " " 2 11 " "

17 777 " " " 7 3 12 "
18 3 2 1 350 540 578 1 2 1 10 12.255 5.544
9 7 7 7 7 867 7 " " " " " 7
2 7 7 7 " 50 7 " " 7 " " "
20 7 7" " B0 " i ” i " i i
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Table 3¢ Thixoforming®l #&3sr 743 228 Ay 9% HHY &Y Fx 714 W&
Garat7} A¢rst Az wlwdk Rolch. dx [=76x110(mm)S) A356 - A357 2AE o]&3td
Garat Vo] 483 e #% 719 A3 vias 29, AHY A277F dx /=76 x110(mm) Y
A356 @ A357 AA e ALl 555 7R & Q=25KW, 555TC ~570C7HA & Q=45KW, 570C ~
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vl e s 22 A8 5 UE FE 7S 249 D/B FE 88 slog Atsdth
Table 3 Comparison to multi—capacity induction heating conditions proposed
by Garat'" in Pechiney
Specimen Size: Total Heating Mult1—(?gpac1ty
Proposer Alloys dx / (mm) Time (min) Conditions
Q (KW)
25KW Up To 555C
Garat A356 and A357 76<110 10 45KW From 555C To 570C
3.0KW From 570C To 580TC
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Fig.l Schematic diagram of induction coil and billet
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(a) Multi-capacity conditions (b) Input data diagram
Fig.3 Relationship between heating time and capacity of induction heater
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(a) Globular microstructure (b) Eutectic microstructure of semi-solid alloy

Fig.4 Globular microstructure and eutectic microstructure in multi-capacity reheating process
of semi-solid alloy (Exp. No. 21, ALTHIX 86S, {s=55%, ta=3min, tx=2min, t,3=1min,
Th=350C, The=560T, Th3=578C, tni=1min, tn2=2min, tps=1min, Q=12.255KW up to 5607C,
Q=5.544KW from 560C to 578TC)
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