ZX A199 AH5% (1999, 10) b T 228 3] — 393 —

X

An Optimization of Inductive Coil Design for Thixoforging
and Its Experimental Study

Hong-Kyu Jung. Nam-Seok Kim and Chung-Gil Kang

Abstract

The reheating of the billet in the semi-solid state as quickly and homogeneously as possible is one of the most important
aspects. From this point of view, an optimal design of the induction coil is necessary. The objective of inductive coil designsa
uniform induction heating over the length of the billet. The etfect of coil length, diameter, the gap between coil surface and Hlet
and axial position of the billet on temperature distribution of billet has been investigated. These design parameters have an irpor-
tant effectiveness on the electro-magnetic field. Therefore. in this study an optimal coil design to minimize electromagnetic ed
effect will be proposed by defining the relationship between billet length and coil length. In particular, key point in inductia heat-
ing process is focussed on optimizing the coil design with rcgard to the size of the heating billet and the frequency of inductn
heating system. After demonstrating the suitability of an optimal coil design through the FEM simulation of the induction heatig
process, the results of the coil design are also applied to the reheating process to obtain a fine globular microstructure. Itd consid-
ered that the reheating conditions of aluminum alloys for thixoforging and a new CAE model of the induction heating process are
very useful for thixoforging practitioners including induction heating ones. (Received July 26, 1999)
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Fig. 1. Schematic illustration for induction heating of
cylindrical billet
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P, P.xgq Table 1. Recommended air gaps [1/2 (D;-d)] for through-
A= ~P—r= jD (3) heating coils [16]
“ ¢ Billet Billet Diameter (d ; mm)
A Frequency
lw - 3 (4) Temperature (°C)  0-60 60-125 125-250
md 550 12 12 12
50/60 Hz
850 12 20 40

2ol YA Do A Y Aol H ¢ T3

Table 2. Property values to calculate the optimal coil length (A356 with d X /=76 X 90 mm?, f = 60 Hz, 6= 10.7 mm [18)], k= 0.62)

Parameter Symbol Unit Value Ref.
Maximum Surface-Center
: 6.6, K 5
Temperature Difference
Thermal Conductivity K W/mK 159 [19]
Idealized Power Density P, kW/m’ 41.85
Resistivity of A356 0, 7 2m 0.0421 [19]
Magnetic Constant 1} H/m 41 X107 [16]
Angular Frequency W rad/s 120 =
Finite }()J;:}r;‘::rl;il(_‘));:pth of 5 - 13X 102
Actual Power Density P, kW/m* 67.5
Thermal Power P, kW 1.5
Production Rate P Dimensionless 0.01 t/h [17]
Thermal Capacity q kW 150 h/t
Minimum ;l;;;ed Surface A, . 79 X107
Billet Diameter d mm 76
Minimum Heated Length I, mm 93

Table 3. Property values to calculate the optimal coil length (ALTHIX 86S d X /=76 X 70 mm*, f = 60 Hz, §=10.7 mm [18],

k=0.58)
Parameter Symbol Unit Values Ref.
Maximum
Surface-Center 6.—6, K 4
Temperature Difference
Thermal Conductivity K W/mK 109 [19]
ldealized Power Density P, kW/m® 22.91
Resistivity of ALTHIX
esistvity © P 12m 0.0639 [19]
R6S a
Magnetic Constant U H/m 4 X107 [16]
Angular Frequency 0] rad/s 1207
Finite Current Depth of 5
. X
Penetration O M 1.64 10
Actual Power Density P, kW/m* 39.5
Thermal Power P, kW 1.33
Production Rate P Dlrieelszlon 0.01 th [17]
Thermal Capacity q kW 133.08 h/t
Minimum Heated 5 3
Surface Area A m 30.67x10
Billet Diameter d mm 76
Minimum Heated Length l, mm 141
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Table 4. Designed dimensions of induction heating device (f= 60 Hz, 6 = 10.7 mm [18)])

Billet Diameter

Coil Inner Diameter Min. Heating Length  OptimalCoil Length

Coil Wall Thickness

All
0ys (d ; mm) (D, ; mm) (I : mm) (H ; mm) d. (mm)
A356 76 100 93 118~168 10118
ALTHIX 86S 76 100 141 166~216 [18]

Table 5. Property values to simulate induction heating process with optimal coil design (A356 with d X /=76 X 90 mm?, f = 60 Hz,

fs =55 %, 8= 10.7 mm [18])

Parameter Symbol Unit Values Ref.
Convection C.oeﬂ'lcient of h, W/m2K 30
Arr ©

Density of A356 p Kg/m’ 2685 [19]

Specific Heat of A356 C J/KgK 963 [19]
Heating Time t SEC 830

Coil Wall Thickness d, mm 10 [18]
Coil Inner Diameter D, mm 100
Coil Outer Diameter D, mm 120
Coil Length H mm 120
Billet Diameter d mm 76
Billet Height / mm 90

Thermal Conductivity K W/mK 159 (19]
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Fig. 2. Boundary conditions to simulate induction heating
process with inductive coil design
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Fig. 3. In the case of fs = 55 %, temperature distribution of reheated A356 billet with d X /=76 X 90 mm"
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Table 6. Property values to simulate induction heating process with optimal coil design (ALTHIX 86S with d X /=76 X 70 mm?,

f= 60 Hz, fs =55 %, 6= 10.7 mm [18])

Parameter Symbol Unit Values Ref.

Convection Qoefﬁcient of h, W/mK 30
Alr ©

Density of ALTHIX 86S p Kg/m’ 2790 [19]

Siﬁf;’_{clﬁzag;’f C J/KgK 963 [19]
Heating Time t SCC 895

Coil Wall Thickness d, mm 10 [18]
Coil Inner Diameter D, mm 100
Coil Outer Diameter D, mm 120
Coil Length H mm 180
Billet Diameter d mm 76
Billet Height / mm 70

Thermal Conductivity W/mK 109 [19]
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Fig. 4. In the case of fs = 55 %, temperature distribution of reheated ALTHIX 86S billet with d X /=76 X 70 mm*
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Fig. 5. Microstructures of raw materials (A356 and ALTHIX
86S)



Vol. 19, No. 5, 1999 Journal of the Korean Foundrymen’s Society — 399 —~
Table 7. Chemical compositions of A356 and ALTHIX 86S
Si Fe Cu Mn Mg Cr Zn Ti Pb
Min (%) 6.5 - - - 0.30 - - - -
A356
Max (%) 7.5 0.15 0.03 0.03 0.40 - 0.05 0.20 0.03
Min (%) 55 - 2.5 - 0.30 - - - -
ALTHIX 86S
Max (%) 6.5 0.15 3.5 0.03 0.40 - 0.05 0.20 0.03

Table 8. Optimal reheating conditions for semi-solid aluminum alloys (A356 with d X /=76 X 90 mm” and ALTHIX 86S with

d X {=76 X 70 mm?)

Heating Time Holding Time Heating Temperature Total T c _
Alloys t, (min) t, (min) T, (°C) o ime Sapacily
(min) Q (kW)
L L2 L3 Ly b2 b3 Ty Ty, Ths
A356 4 3 ] 1 3 2 350 570 576 14 12.04
ALTHIX 86S 4 4 " y " 3 " 567 578 15 5.544
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Fig. 6. Input data diagram of induction heater
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Fig. 7. Microstructure in three step reheating process of semi-solid aluminum alloy (A356, f =55 %, t,,=4 min, t,=3 min,
t,;=1min, T,,=350°C, T,,=570°C, T,;=576°C, t,,= I min, t,,= 3 min, t,;=3 min, Q = 5.544 kW)
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Fig. 8. Microstructure in three step reheating process of semi-solid aluminum alloy (ALTHIX 86S, f =55%, t,,=4 min,

t,=3min, t;= 1 min, T, =350°C, T,,=567°C, T,;=578°C, t,,= 1 min, t,,=3 min, t,;=

Fig. 9. Eutectic microstructures of semi-solid alloys (A356 and
ALTHIX 86S) (a) A356, f,.= 55%, ta, = 4 min, ta,= 3 min
ta;= 1 min, Th,=350°C, Th,=570°C, Th;=576°C,
th,= 1 min, th,=3 min, th;=2min, Q=12.04 KW
(b) ALTHIX 86S, f.=55%, ta,=4 min, ta,=3 min,
ta,= 1 min, Th,=350°C, Th,=567°C, Th,=578°C,
th, = 1 min, th,=3 min, th,=3 min, Q =5.544 KW
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