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A Study on Optimum Reheating Process of Automotive Aluminum Piston using Neural
Network and the Taguchi Method in Semi-Solid forming

J. M. Yoon, Y. H. Kim, J. H. Park, J. C. Choi(School of Mech. Eng. PNU)

ABSTRACT

As the manufacturing processes of automotive engine piston, gravity die-casting, squeeze casting, hot forging and
powder forging process are generally used for the various specifications. As the semi-solid forming(SSF) is compared
with conventional casting such as gravity die-casting and squeeze casting for the characteristics of its process, the
product without inner defects such as gas porosity and segregation can be obtained and its microstructure is globular
grain. In SSF process, the materials are heated up to the temperature between the solvus and liquidus line at which
the materials exists in the form of liquid-solid mixture. In this time, Discussion is given about reheating process of
row material and results are presented regarding accurate temperature and process variables controling for right solid
fractions.
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Table 1 Chemical composition of A356

Al] Si [CulMn] Mg [Zn]Fe]others|

356 frem(025 102]01 %17 0.1 |02 0.15J

Table 2 Range of reheating process variables

Processing value
Nin. |Med. | Max.
Reheating Time(RTi,X1,min) | 5 6 7
Reheating Time(RTz,X2,min) | 4 5 6
Reheat ing Time(RT3,X3,min) | 4 5 6

Reheat ing Temperature

(RTemp; X4, C) 417 | 427 | 437
Reheating Temperature

(RTempz, X5, C) 537 | 547 | 557
Reheat ing Holding Time

(RHT, X6, min) 27|12
Induct ion Heating Power

(Q,X7,KW)
) ) w 76 |y 60| ¢ 76
Material Size(X8,mm) x 70 {x 70|x 100
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Table 3 Orthogonal array of various reheating
process variables

variables avg.

No | Order |- =3 xa x5 %6 x7 xB| vi

1] 1610/0 0 0]0 0 0 0176.57
2121 |0lo 0 o|]1 1 1 1!76.03
312 |ojlo o 0j2 2 2 27313
411 |o/1 1 1|0 0 0 1(8.13
5 |24 !0o/1 1 1|1 1 1 2|73.43
6 7 (0/1 1 1{2 2 2 016627
7112 {0/2 2 2|0 0 0 2|(74.53
81 19 |0/2 2 2/1 1 1 0/79.87
9| 8 |o|l2 2 2/2 2 2 11!69.93
0] 1 |1/0 1 2,0 1 2 0])8.37
1|27 {1lo 1 2|1 2 0 1|7.00
12118 ]1/0 1 2/2 0 1 2|79.57
13 14 [1/1 2 00 1 2 1(65.10
4,2 |11 2 0/1 2 0 2]|78.50
15| 2 [1/1 2 02 0 1 0/65.53
6| 4 |1/2 0 1|0 1 2 21!61.37
17! 6 |1/2 0 1|1 2 0 0]/8.30
8] 17 l1l2 o 1|2 0 1 1|70
190 22 |2/0 2 1]0 2 1 0]67.00
201 10 {20 2 1]1 0 2 1/81.2
21 3 |2/0 2 112 1 0 2]78.80
21 9 |2/1 0 2|0 2 1 1/8.13
23123 {21 0 2{1 0 2 27860
24 5 12/1 0 2|2 1 0 0(7.30
25125 |2/2 1 010 2 1 264.3
261 13 (202 1 01 0 2 0|7.37
271 15 [2]2 1 0l2 1 0 1(8.5
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Table 4 statistic of factor level of solid fraction
average(y1)

level average

0 1 2
35.0139.2135.5
40.4133.8(35.5
32.2139.1{38.3
33.3135.5(40.8
34.4139.5{35.7
32.1]36.6141.0
38.0|37.334.4
37.8135.6]36.2

level sum

1
352.7
303.7
352.0
319.8
355.9
329.0
335.3
320.7

factor

0
317.2
363.7
290.1
299.6
309.6
288.7
341.7
340.2

2
318.1
319.5
344.9
367.6
321.5
369.3
309.9
326.0

X1
X2
X3
X4
X5
X6
X7
X8

Table 5 analysis of variance of solid fraction

average(yl)
factor S ® v Fo

X1 3.56 2 1.78 0.03
X2 48.51 2 24.26 0.43
X3 39.38 2 19.69 0.35
X4 119.15 2 59.58 1.06
X5 108.99 2 54.50 1.00
X6 41.99 2] - 21.00 0.37
X7 222.39 21 111.20 2.00
X8 43.09 2 21.55 0.38
e 561.85 10 56.19

T 1188.91 26

E dydAe AEAYY 9E5A(nomianlis

best ;NB)& o] &35l Algd AR =T UH
%, 243 2 2939 9% HAEEMultilayer
Perceptron) O 2 TAS™ Rumelhart McCelland®
o] o9& A<td oA} (Backpropagation) 8t& &l
&S ol83ld BEX 283 AAFIAzgd o9
29 o zolE HAHINEF 7 T30 dAAE

-904-

% YARE
o,

NFREge FHE

2.2 #A

Table 4= A& FHA(yD digh Az yEd
SAE Jed Holxu, Table 5& IS HTF(y1)
9] BAEMNEE YEPAT. ol EAHEA Ko
A Fogto] 10149 Aol ozt HoAo] Aok
I B7Z A X4, X5, X7 fedittn B
AT}, Table 48 #18H yigto] 65%0 7H7le A
o] HHolmz UAE HHZHL X4X5X720]T}.
Q714 AEHQ HeAS udTIH 7 FAHHT
E9 2L X1i1X21X3X40X5X62X70X8) 22 H A2
o] x&o] sIFditt. oA AawjdEE d83
grAgyE  ofdq #EL Y¥Hgy  Fol
X4X50X727F FEIAIS A& Ao nz o]E QAR
S| disf A7 Y(neural network)E o|&3to] A
drbse BE UxREY aFE gAFGT. AA
oW oW A3ydm AEgRIE  FdAME
X4oX5X727} Y& g JHE Jhhg e

Fig. 1(b) Optimal 1, 2, 3 step reheating
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Fig. 2(a) Microstructure of inspection No 13, in
reheating process of semi-solid aluminum alloy

Fig. 2(b) Microstructure of inspection No 17, in
reheating process of semi-solid aluminum alloy
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