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Reheating of Semi-Solid Aluminum Alloys and Mechanical
Properties of Thixoforged Product

H. K. Jung and C. G. Kang

Abstract

The reheating of the billet in the semi-solid state as quickly and homogeneously as possible is one of
the most important parts. To obtain a fine globular microstructure in cross section of billet, the opti-
mal design of the induction coil for variation of alloys and specimen sizes is necessary. For the thixo-
forging process the construction of the reheating data base is very important, because the reheating
conditions are different for variation of SSM and billet sizes. So in this study, the optimal coil design of
A356 (ALTHIX) and A ! 2024 with dX ! =60x90 (mm) to obtain the giobular microstructure is theo-
retically proposed. The suitability of an optimal coil design will be demonstrated by reheating experi-
ments. Finally, the thixoformability of an arbitrarily shaped product is evaluated by its forming vari-
ables. The defects and mechanical properties are also investigated.

Key Words : Thixoforging, Reheating Condition, Induction Coil, Globular Microstructure, Arbitrarily

Shaped Product
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Fig. 2 Microstructure of raw aluminum alloy (A/2024)
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Fig. 3 Schematic diagram of induction coil and positions
of temperature measurement
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Tablel Recommended air gaps [1/2 (D;- d)] for
through-heating coils"”

Frequency Billet Billet Diameter (d: mm)
Temperature (C) | 0-60 | 60-125 | 125-250
12 12 12
50/60 Hz 550
850 12 20 40
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Table2  Property values to calculate the optimal coil length
(Specimen size: d X 1 =60 X 90 mm, f=60 Hz,
6 =10.7 mm", ;=90 mm, k=0.57 for A356 and
k=0.56 for A 12024)

Parameter Symbol  Unit _ Values Ref.
A6 A12024
Maximum Surface-Center _0 K 4 A

Temperature Difference —° ¢
Thermal Conductivity K W/mK 159 151 (20)

Idealized Power Density Py kW' 42.35 40.24

.Resistivity P HQm  0.0421 0.045 (20
Magnetic Constant I H/m 4ex107  4rx107 (17)
Angular Frequency o rad/s 1207 120

Finite Current Depth of 5,

, <102
Penetration m 1.3%10% 1.38%10

Actual Power Density Pa kW' 4.3 71.87

Thermal Power b kW 1.02 1.06

Production Rate P+ Dimensionless 0.01t/h  0.01t/h (18)

Thermal Capacity Q kW 1028/t 106.5h/t

Minimum Heated Surface 4 m? 137%10° 14.75%10°
Area ¢ ' '

Billet Diameter d mm 60 60

Minimum Heated Length £, — m 78

Table3 Designed dimensions of induction heating
device (f=60 Hz, §=10.7 mm", [ =90 mm,
k=0.57 for A356 and k=0.56 for A 12024)

Alloys Billet  Coil Inner Min. Heating Optimal
Diameter Diameter Length  Coil Length
(dmm) (Dimm)  ( l,mm)  (H:mm)

A356 60 84 72 97~147
A 12024 60 84 78 103~153
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Table4 Chemical compositions of A356 and A /2024

Alloys Si Fe Cu Mn Mg Cr Zn Ti Pb

n{% - - - - - - -
A356 Min(%} 6.5 0.30

)

)

Max(%) 7.5 0.15 0.03 0.03 040 - 0.05 0.20 0.03
412024 )
)

{
(
Min(% - 08 03 12 - - - -
Max(%) 0.05 0.70 4.9 09 18 010025 015 -

Table 5 Experimental conditions for reheating of semi-
solid aluminum alloy (A356), with d X 7 =60 X
90 (mm)

Heating Total Capacity

No Heatinngime Holding Time Temperature Time
t, (min) t, (min) 7, (¢) (min)  Q (kW)
b oto bt byt by Ty Ty Ty
1 10 584 10 8.8
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Table 6 Experimental conditions for reheating of semi-
solid aluminum
alloy (A356), with d X [ =60 X 90 (mm)

. . . . 1 it
Heating Time Holding Time Heating Total - Capacity

No ) ; Temperature Time
t, (min) t,(min) 7, () (min)  Q (kW)
t‘al taZ taﬁ thl ch t113 Thl ThZ Th3
1 16 1 11 622 635 18 8.6
217 0.5 635 175 86
3 4 4 1 1 2 1 350 610 620 13 8.6
4 ” ” " " " ” ” ” " ” ”
5 ” ” ” " ” " " ” ” ” "
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Fig. 4 Input data diagram of heat controller to obtain
the globular microstructure
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Fig. 6 Schematic diagram of thixoforged product
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Table7 Melting temperature, liquidus temperature and
distribution coefficient for A 12024 ®-»

Melting Temperature Liquidus Temperature Distribution Coefficient

T, (v T, (t) k

502 638 1.22

Fraction of solid (%)
o
<)
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Temperature, T (°C)

Fig. 7 Relationships between temperature and solid
fraction for A356 and A 2024
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(a) () (©)

Fig. 8 The billet deformation shape according to the solid
fraction throughout reheating process with A356 alloy
(@) 50% (584 ) (1)35% (576 T) (c) 60% (567 C)

Fig. 9 Evolution of the microstructures of semi-solid alloy
for variations of t,, (fs=55 %, 576 ), A356
(a)t,,=1min (b) t,,=3 min
(¢) t,,=5min (d) t =8 min

Fig. 10 Evolution of the microstructures of semi-solid
alloy for variations of t,, (fs=55 %, 616 C), AI2024
(@) t,,=Imin (b) t =3 min
(¢) t,;=5min (d) t,,=8 min
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Fig. 11 Input data diagram of optimal reheating condi-
tions to obtain the globular microstructure for
variations of alloys and specimen sizes
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