815 55 T HEA SRR 2005 £ 7 A
Vol. 15 No. 7 The Chinese Journal of Nonferrous Metals Jul. 2005

SCE SRS 1004~ 0609(2005) 07 ~ 1006 ~ 07

Wi [ B P 2 AP ) 2R 5 AR 1 20 X 4% st

FORAE, LBRE, RE, A
(1. PEHETNLREE HLH2EBE, PE42 710072;
2. FEAE T K% B3R, T2 710072;
3. FdE DMK MERNE 5 TR B, P4 710072)

B AR R E A MBI M BB TS MO TR . R K T B R ), 7R IE A0 1R 5 10 3 Al
L, g WS, M 200 AAEARLE, B 150 A1E M INGREAR TR Mg, L0504
E IR A T 30 A0 Y 4% RS T 1k o 30 O R R R AR o 2 N 4% 2 o) R S I DG B R R i ) A EE, dn
A i AR RO SR I R 2 RO R SR BN L S SR E I R S, B TR RS 4% L T W [ B R S A MR
TZASGHE, B3 TREH NS LERESH MBS R BN, R ZEE, X8 T 2558087
TP, FE SR A B . X % T2 0SB N FE FE i i B8 5 T At .

RHHETH]: B LM% EAMEL W FEH R, B

hIE 4255 TB18; TB331 SCERAR RS A

Fuzzy neural network modeling of liquid- solid
extrusion process for composite products

QI Lehua', SHI Zhong-ke’, HE Jun-chao', LI He jun’
(1. School of Mechatronic, Northwestern Polytechnical University, Xi an 710072, China;
2. School of Automation, Northwestern Polytechnical University, Xi an 710072, China;
3. School of Materials Science and Engineering, Northwestern Polytechnical University,

Xian 710072, China)

Abstract: Liquidsolid extrusion process, as a method of forming tubes, bars from liquid metal in a single process,
is a kind of new metal forming technology, which was developed in recent years. But there exist some problems for
forming the composite tubes or bars by this process, such as the difficulty of selecting process parameters and large
quantity of the experiments required. In order to deal with these existing problems, on the base of the orthogonal
experiments and FEA simulation, 200 groups of samples are constructed ( 150 groups are used to train the network,
and 50 groups are used to verify the network), and the system model for liquid-solid extrusion is established by the
compensatory neurofuzzy network (CNFN). Many key techniques in the realization of CNFN learning algorithms,
such as the distribution of fuzzy sets for input and output variables, the determination of fuzzy rules and learning
rate, are solved. By the established model, the relation among the infiltration time and other parameters can be
mapped, and the key process parameters for extruding composite bars are forecasted. The forecasted and experimen-
tal results are well matched. So the present work builds a foundation for the reasonable choosing of the process pa-

rameters and practical application of the liquid-solid extrusion.
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Table 1 Determination of factors and

levels for orthogonal experiment Lo( 3*)

Experimental factor

Level Mold Pouring Infiltration  Infiltration
temperature/ temperature/ time/ pressure/
C C s MPa
1 400 740 20 50
2 360 760 25 75
3 320 780 30 100
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Table 2

Division of fuzzy set for input parameters of FNNT network

Membership function center

Membership

Input parameter

function width

Negative big( NB) M oderation( ZO) Positive big( PB)
Pouring temperature/ ‘C 0i< 720 720 <6, <800 01> 800 40
Mold temperature/ ‘C f2< 320 320 <6, <380 6> 380 50
Deformation pressure/ MPa pi< 350 350 <p1 <500 p1> 500 120
Infiltration pressure/ M Pa p2< 45 45 <p2 <95 p2> 95 30

#R 3 FNNT M5 S 5B EER] 4
Table 3 Division of fuzzy set for output parameters of FNNT network

Membership function center

Membership

Input parameter
Negative big( NB)

M oderation( ZO)

Fanition width
Positive big(PB) unction widt

Infiltration time/ s 1< 22

22< i< 42 > 42 40
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Table 4 Initial parameters of FNNT network

Input Parameters

Output Parameters

Rules Pouring Mold Infiltration Deformation Infiltration Compensation
No. temperature/ ‘C temperature/ ‘C pressure/ M Pa pressure/ M Pa time/ s degree
Center Width Center Width Center Width Center Width Center Width

1 720 40 320 50 45 30 420 120 45 30 0.5
2 720 40 320 50 45 30 375 120 25 30 0.5
3 720 40 320 50 45 30 500 120 60 30 0.5
4 720 40 350 50 70 30 375 120 28 30 0.5
78 760 40 350 50 70 30 400 120 50 30 0.5
79 760 40 380 50 95 30 375 120 45 30 0.5
80 800 40 350 50 95 30 395 120 45 30 0.5
81 800 40 380 50 95 30 450 120 60 30 0.5
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Table 5 Parameters after training of FNNT network
Input Parameter Output Parameter
Rules Pouring Mold Infiltration Deformation Infiltration Compensation
No. temperature/ C temperature/ C pressure/ MPa pressure/ M Pa time/ s degree
Center Width Center Width Center Width Center Width Center Width
1 713 35.3 312.0 42.8 41.4 37.9 407.0 122.7 47.7 12. 4 1
2 720 43.4 317.0 49.1 43.2 37.2 395.0 125.1 27.7 19.3 0.25
3 722 46.9 312.8 43.0 41.8 37.1 502.7 121. 8 55.5 23.4 1
4 712 34.4 342.7 43.5 72.1 38.3 384.4 122.3 28.6 19.4 1
78 774 32.1 369.0 48.8 68.6 35.8 386.0 124.5 45.3 31.7 0.25
79 775 31. 1 385.0 51.6 85.6 35.5 393.0 122.9 42.6 38.1 0.25
26 796 45.8 349.0 47.8 96. 6 34.2 372.0 124. 4 49.1 21.4 0
81 798 42.4 381.0 48.3 94.9 37.5 430.0 124. 4 54.9 24.7 0.25
H6 R UPSOH 65
Table 6 Influence of learn speed on 60 - s o — Target value
training epochs s ot * — Qutput value
r *
Learn Sample Training Expected o °
No. > *
speed amount epochs error g 50
B 0
1 0.80 150 94 0.01 -§ 45 59' " 00
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B, 8 @ w
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e PR o
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