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Finite element analysis of crystal plasticity in cold rolled deformation for
austenitic stainless steel foil

Pang Rufa, Qiu Chunlin
(State Key Laboratory of Rolling and Automation, Northeastern University, Shenyang 110819, China)

Abstract ; Ulira-thin precision stainless steel foil, namely, ultra-thin strip, is widely used in high-end engineering fields such as electron-
ics, aerospace, automotive and chemical industries. Therefore, based on the size effect and anisotropy of micrometer precision austenitic
stainless steel foil in cold rolling, the rolling process was studied by using the crystal plastic finite element method, and the influences of
different thicknesses and initial grain orientations on the plastic deformation of foil were analyzed. The results indicate that the stress con-
centration during the rolling process is mainly distributed at grain boundaries between the grains. With the increasing of foil thickness, the
rolling force increases significantly, the stress and strain distributions gradually tend to be uniform, and the stress distribution of the sin-
gle-layer crystal is also relatively uniform; the smaller the foil thickness, the more significant the strain gradient within the grain, and the
strain band after rolling tends to the rolling direction. The influence of random initial orientation on the rolling force and rolling stability is rel-
atively small. Single grains with different random initial orientations show great differences in stress and strain distribution, and their final grain
morphologies are also different, although the differences are minor, and the grains are all elongated along the rolling direction.

Key words: stainless steel foil; crystal plasticity; finite element; thickness; grain orientation; cold rolling
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Fig. 1 Experimental and simulated tensile curves of 304 stainless

steel foil
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Table 1 Plastic parameters of crystals for 304 stainless steel foil
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Table 2 Chemical compositions of 304 stainless steel
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Fig. 2 3D rolling model of 304 stainless steel foil
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Fig. 3 Models of foils with three thicknesses
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Fig. 5 Strain distributions in rolling deformation zone of foils with

different thicknesses

SR, R 10,20 kN, X R 8 B 8 15 A 45
WM A Ty K VB ARIE o BEMLEC R 1 DB HLE
2 1Y e KELH 1 FEA AT, 43 %18 10.01 A
9. 87 kN, IXWFPE ] & A ¥ 1 AR IV 19 AR 1 KAKAH
Al FESLARALHIBYBE, 3 FhBEALE A A0 sl ik 40 22
R/, SR — W LT, R T Y A
HPMELERAE B, SRR L B 4 R A D
X L il e e AN L S M A s B N

Pl 8 Sy AN [ it KL Gy B 1) I 1 A4 L AR 0 DX Y
PARGM AR, FEAAR Y X A L AR 43 A AN AT, I K
AR S5 0.32, 0.32 F10. 34, BEHLEAE 3 A N5
N AE Sy AT R R 3850, LA B H Al v R B AL H e
HCELHI ARSI XN AR 22 R A= AEJE M i b, i BE AL E
] 1 ANBEHLE R 2 AR 7= A T 3 AN A R
5 10 B AR A

9 Sy 3 FRBEATLER ] 4L AR T DX 09 55300 )
Gy, T REAS SR 46 B LA B AL X
Fh 2 5 HAE S ECT ARIE X N IR g ) 46 HR R A AR 345
PE, ME9 HalE ARSI IX iR R ) W

Q.
N

ADNNNBI= 000N
Qom0 SO —

oW AN I000
Q100 A ORI ooN—
GAJ0OOS—

(b)

00— 5 00 LN 00|

AUNWOININO

©
Kl 6 A [a) 5 BE Y b1 AL AZHE DX B0 T o3 Afi

(a) 0.02mm  (b) 0.03 mm

Fig. 6 Stress distributions in rolling deformation zone of foils with

(¢) 0.04 mm

different thicknesses

12
—— BEHLE A
104 —— BEHLEE2
—— BHLIF3
84
g
R 6
E
= 111) @11) (111)
4 p g
2- @ @
BEHLECFI T BEALIC2  BEALEX A3

T
0 1 2 3 4 5 6 7 8 9 10
i ) /s

7 AR iR B L FL R T B R
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