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Table 1 Comparison of deep-drawing properties

for three layer and five-layer composites( annealing)

Composite Y AY n 8/ % 9.2/ 9,
SS/ 3003/ SS 0.927 - 0.700 0. 196 28.3 0.77
SS/ 1050/ 3003/

1050/ SS 1.163 - 0.622 0.203 36.4 0.75

SS —Stainless steel
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Fig. 1 Deep-drawing process for SS/3003/SS three-layer composite

(a) —Preliminary mesh; (b) —s= 5 mm; (¢) —s= 11.2 mm; (d) —Diagram of force change in deep-drawing process
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Fig. 2 Deep-drawing process for SS/ 1050/ 3003/ 1050/ SS five-layer composite
(a) —Preliminary mesh; (b) —s= 20 mm; (c¢) —s= 46. 1 mm;

(d) —Diagram of force change in deep-drawing process



513 B4 4 1

RIBEE, 55 DNEW/R(E ) ABEML 2 S0k E s B R * 917 -«

K, B4R B AW INZ A2 2 0 Sl 437 . 77 1
TR, T HAE 32 20255 dhhr N e H . AE 52 1 BOR )
LT, SNEZRENE R TARNER . ALER
AR P SRR ) e R R f S, TR AE R R A A
MIEA R RAMNE AR R R T oK, HIRE
BANZIAEME . LR RS SNE A B
FIR LR AK, AT A5 o Hs B I e o 4
A, AR R S, HAEY OB KR
REWEAS B E BB IEIKE, PrAtBASAErh LA
LR AR

3.4 AHESIRAE 4R LR

St LA P Pl A AT v s R 2R ot A (AR L
iR, TUEHLEE SRR EELT =2
HAW, X8t PIE TR a (&R .
TES AP R RE S Ie T, 12 5 A A - R AR
MR BE I S EE I T RIR R = 2 H AR )
MERE, AN/ BBA S B BN L E SR
AR B R SRR TR AR, X S A AR R B A R
e—EH .

4 g

1) AN/ B/ e </ fal AT TR B SR

P IRE AR L L BRI N AR A AR R R

SEAR AR SR EE T AN 55 B AN =R
HEW .

2) SR FH 28 St PR 458 s A R 1 s a0 A8 8 4 1 5 R
Tt SRR 1) o s i REEAT I BB ABARLIE 52 AEAR
RN, NGB G/ MEN =R E AW
o sl R A 22, AR ERBE ) DO IR B AR =
2, HONZRIANEE AL I 28 7 AR T g
YERI N8 5 it s 1 = J= B A5 B e Y
PERE .

3) BE I R — PR S TR A R, A%
A/ A0 B e B AN LR B A B B P fE
AP

REFERENCES

BRRAE, BOURE. WA R R R T AL K
REAIM]. st JERtH TR AL, 1998.
ZHONG Zhrhua, LI Guang-yao. Numerical Simulation and
Application of Deep Forming of Thin Sheet[ M]. Beijing:
Beijing University of Technology Press, 1998.
Mori T, Kurimoto S. Pressforming of stainless steel and alu-
minum clad sheet[ J]. J Mater Proc Tech, 1996, 56: 242 —
254.
Jeswiet J, Cao Xiaokong. The effect of aspect ratio upon fric-
tion and normal forces in strip rulling[ J]. J Mater Proc Tech,
1994, 45: 99 ~ 104.
Takuda H, Mori K, Fujimoto H, et al. Prediction of forming
limit in deep forming of Fe/ Al laminated composite sheets us-
ing ductile fracture criterion| J]. J Mater Proc Tech, 1996,
60: 291 ~296.
Ramaekers J, Kals J. Mathematical representation of friction
in metal forming analysis[ J]. Annals of CIRP, 1986, 35:
137 ~ 140.
Kapinski S. Analytical and experimental analysis of deep
drawing process for bimetal elements[ J]. J Mater Proc Tech,
1996, 60: 197 ~200.
Segawa A, Kawanami T. Rolling-deforming characteristic of
clad materials determined by model experiments and numeri
cal simulation of numerical simulation of clad rolling by the
rigid-plastic FEM[ J]. ] Mater Proc Tech, 1995, 53: 544 ~
551.
Rees D W A, Power R K. Forming limits in a clad metal
[J]. JMater Proc Tech, 1994, 45: 571 ~575.
Szule W, Pietrzyk M, Kyja H, et al. Theoretical and experi-
mental analysis of drawing of sheet rods covered with copper
[J]. JMater Proc Tech, 1994, 45: 401 ~406.
Richelsen A B. Numerical analysis of asymmetric rolling ac-
counting for differences in friction[ J]. J Mater Proc Tech,
1994, 45: 149 ~ 154.
Petty D M. Friction models for finite element modeling[ J] .
J Mater Proc Tech, 1994, 45: 7~ 12.
Kobayashi S. Deformation Analysis of Axisymmetric Sheet
Metal Forming Process by Rigid-Plasticity Finite Element
Method, Mechanics of Sheet Metal Forming [ M]. New
York: Plenum Press, 1978.



- 918 - o EAT 4R A 2003 4F 8 A

Numerical simulation of deep drawing procedure of
stainless steel/ aluminum alloy/ stainless steel composite

ZHU Xurxia', PENG Dashu®, LI Zuo jian®
(1. Department of Mechanical Engineering, Ningbo College, Ningbo 315016, China;
2. School of Materials Science & Engineering, Central South University, Changsha 410083, China;

3. Department of Materials Science & Engineering, Guangdong University of Technology,
Guangzhon 510090, China)

Abstract: The forming properties of the stainless steel/ aluminum/ stainless sandwich sheets and the stainless steel/ aluminum/ aluminum al-
loy/ aluminum / stainless steel five-layer sheets were measured, and the deep drawing procedures of them were also analyzed by FEM. The dis-
tributions of effective strain and stress of the component metals were achieved. The simulation results show that the formability of five-layer

composite is higher than that of three-layer composite. This conclusion is coincident with the experimental data.
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