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Effect of Induction Heating Conditions on Globular
Microstructure of Al-7%S5i-0.3%Mg Alloy for Thixoforming
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Abstract

The optimal reheating conditions to apply the thixoforging and semi-solid die casting process were investigated by changing
the reheating time, the holding time, the reheating temperatures, the capacity of the induction heating system, and the adiabatic
material size. In the case of solid fraction fs=50% (for semi-solid die casting), the microstructure of SSM (specimen size:d76 X
190) at the condition of the first elevating time of 4 min, holding time of 1 min and holding temperature of 350°C, the second
elevating time of 3 min, holding time of 3 min and holding temperature of 575°C, the third elevating time of 1 min, holding
time of 2 min and holding temperature of 584°C, capacity of Q=8.398KW is obtained with globular microstructure and finest.
In addition, in the case of solid fraction fs=55% (for thixoforging), the SSM (specimen size:d76 X [90) at the condition of the
first elevating time of 4 min, holding time of 1 min and holding temperature of 350°C, the second elevating time of 3 min,
holding time of 3 min and holding temperature of 570°C, the third elevating time of 1 min, holding time of 2 min and holding
temperature of 576°C, capacity of Q=12.04KW 1is obtained with the finest globular microstructure. We saw that the most
important factor in a three-step reheating process is the final holding time. (Received May 22, 1998)
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Fig. 2. Schematic diagram of induction heating of

cylindrical specimen.
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Table 1. Recommended air gaps [1/2 (D;-d)] for through-
heating coils [10]

Frequency Billet Billet Diameter (d; mm)

Temperature (C) .60  60-125 125-250

50/60 Hz 550 12 12 12
850 12 20 40
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Table 3. Designed dimensions of induction heating device
(f = 60Hz, § = 10.7 mm, [/ = 90 mm, k = 0.62)

Billet Coil Inner Min. Heating Optimal
Diameter Diameter Length Coil Length
(d; mm) (D;; mm) (l,; mm) (H; mm)

76 100 93 118~168

Table 2. Property values to calculate the optimal coil length (f = 60Hz, & = 10.7 mm, /= 90 mm, k = 0.62)

Parameter Symbol Unit Value Ref.
Maximum Surface-center 0.-6. K 5
Temperature Difference :
Thermal Conductivity K W/mK 159 [12]
Idealized Power Density P, KW/m’ 41.85
Resistivity of A356 Pa pnQm 0.0421 [12]
Magnetic Constant 1 H/m 4nx 1077 [10]
Angular frequency ® rad/s 120m
Finite Current Depth of Penetration Sp m 1.3%x107?
Actual Power Density P, KW/m’ 67.5
Thermal Power P, KW 1.5
Production Rate P, Dimensionless 0.01 t/h [11]
Thermal Capacity Q KW 150 h/t
Minimum Heated Surface Area A, m’ 22.2x107°
Billet Diameter d mm 76
Minimum Heated Length L, mm 93
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Table 4. Chemical compostion of A356

Si Fe Cu Mn Mg Cr Zn Ti Pb
Min(%) 65 - - - 030 - - - -
Max(%) 7.5 0.15 0.03 0.03 040 - 0.05 020 0.03
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the semi-solid material.
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Table 5. Experimental conditions for reheating of semi-solid aluminum alloy (A356), Test specimen size: d X [76 X 90 (mm)

No Elevating Time Holding Temperature Holding Time Total Capacity Adiabatic Material
t, (min) T. (C) t, (min) Time Q(Kw) Size (mm)
tay ta ta3 Th T2 T thy 1% ths (min) DX WXL

1 4 4 2 350 575 584 1 3 2 16 3.00 Without

2 4 4 2 7z 7 ’ ’" t 7 16 3.30 "

3 4 4 2 ” 7z 7z " Z ’” 16 494 "

4 ' ” 1 1 " 1 " 7 1 7 6.30 ’

5 4 4 2 350 575 584 1 3 2 16 7.00 7"

6 7 " 17 17 17 ’"” " " " 7 7.50 ’”

7 4 4 2 350 575 584 1 3 2 16 7.796 7

8 4 4 2 350 575 584 1 3 2 Z 8.398 "

9 " ’” % %G ’" 7" 7 7 1 7 8.398 75 X70X19
10 10 584 2 12 7.796 75 X70X 19
11 10 ” ’" 12 8.398 53X53%19
12 8 1 575 584 3 2 14 8.398 7"

13 4 3 1 350 575 584 1 3 2 14 " /”
14 4 3 1 350 575 584 1 3 1 13 Z 53%x53x19
15 » " 2 " " 1 ” 2 z 13 " 53X 53% 19
16 " " . 1 560 ,, " 3 ” 14 8.398 53X 53X 19
17 " ” ’ 7 " ’ 7 2 2 14 17 ’r
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Fig. 10. Microstructure in three step reheating process of semi-solid aluminum alloy (A356, fs=50%, t,,=4 min, t,=3 min,
t,=1 min, T;;=350°C, T,,=575°C, T,s=584°C, t,,=1 min, t,,=3 min, Q=8.398 KW).
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t33=2 mill, Th1=3500C, Th3=584oc, th]=1 min, th2=3 min, th3=2 min, 028398 KW).
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(a) Exp. No. 26, ty3=2 min

(b) Exp. No. 27, tj3=1 min

Fig. 14. Microstructure in three-step reheating process of semi-solid aluminum alloy (A356, fs=55%, t,,=4 min, t,=3 min, t;=
1 min, T},;=350°C, T;=570°C, T;5=576°C, t,;=1 min, t,,=3 min, Q=12.4 KW).
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Fig. 15. Eutectic microstructure of semi-solid alloy (a) Exp. No. 13, fs=50%, t,;=4 min, t,=3 min, ts=1 min, T,;=350°C, T,,=
575°C, T;3=584"C, t,;=1 min, t,,=2 min, t,;=2 min, Q=8.398 KW (b) Exp. No. 26, fs=55%, t,;,=4 min, t,=3 min, t;=
1 min, T,;=350°C, T,,=570°C, T,;=576°C, t,,=1 min, t,,=3 min, t;=2 min, Q=8.398 KW
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Fig. 16. Surface roughness of specimen after water-quenching
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