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A Study on the Optimum Reheating Process of A356 Alloy
in Semi-Solid Forming
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ABSTRACT

As semi-solid forging (SSF) is compared with conventional casting such as gravity die-casting and squeeze
casting, the product without inner defects can be obtained from semi-solid forming and globular microstructure as
well. Generally speaking, SSF consists of reheating, forging, ejecting processes. In the reheating process, the
materials are heated up to the temperature between the solidus and liquidus line at which the materials exists in
the form of liquid-solid mixture. The process variables such as reheating time, reheating temperature, rebeating
holding time, and induction heating power have much effect on the quality of the reheated billets. It is difficult
to consider all the variables at the same time when predicting the quality. In this paper, Taguchi method,
regression analysis and neural network were applied to analyze the relationship between processing conditions and
solid fraction. A356 alloy was used for the present study, and the learning data were extracted by the reheating
experiments. Results by neural network were on good agreement with those by experiment. Polynominal regression
analysis was formulated by using the test data from neural network. Optimum processing condition was calculated
to minimize the grain size, solid fraction standard deviation, otherwise, to maximize the specimen temperature
average. In this time, discussion is given about reheating process of row material and results are presented with

regard to accurate process variables for proper solid fraction, specimen temperature and grain size.

Key Words : Semi-solid forging(WF-88 TH3), Reheating process(Z] 714 T}74), Solid fraction(IL4-E), Neural
network (A1 74 ), Taguchx method(TH7% H-4), Regression analysis(Z 7] ¥4
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Fig. 2 Schematic drawing and measuring points of the
cylindrical specimen
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Table 2 Range of the process variables

) Processing value
Input variables -
Min. | Med. | Max.
Reheating time(RTy A, min)
Reheating time(RT, ,B, min)
Reheating time(RTs ,C, min) 4 5
Reheating temperature
410 | 420 | 430
(RTemp1, D, r)C)
Reheating temperature
530 | 540 | 550
(RTemps, ¥, T)
Reheating hold.ing lime ) 7 12
(RHT, G, min)
Induction heating power 3 4 5
(Q, H, KW)
] ] P76|4 60|¢ 76
Specimen size(SS, I, mm)
X 70(x 70 [x 100
|
40 o
500:
[ 490+
2
g Fa0
g 200+
Ll v Gptimal 1 stap refeating
160 —w— Optiiriad 2 step rehesting
. s Cptimal 3step fﬁ'lkeaung
6320 964D 1008 1370
Time
Fig. 3(a) The gencral reheating method with 1, 2, 3
steps
. RT, ™ RT:,.] RHT .
904 s
500 RTemp, .*"N
S ey
]|
E 2004 ;’f —o—Propusatcontraty |
2 —# Propussl control 2
100 ¥ —— Propozal control 3 |
id .
0
w0 1320 200 Z6we
Time

Fig. 3(b) The proposed profile of temperature and
application of the variables
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Fig. 9 Graph of temperature average and solid network
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Fperimen Network Network
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