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Distribution of residual thermal stress
in 316L stainless steel/Cu graded composite material

HU Rui, LIU Tao, XUE Xiang-yi, CHANG Hui, KOU Hong-chao, LI Jin-shan

(State Key Laboratory of Solidification Processing, Northwestern Polytechnical University, Xi’an 710072, China)

Abstract: In order to get a reasonable 316L stainless steel /Cu graded composite structure, the cell and composite finite
element models based on the actual microstructure and macrostructure of 316L stainless steel/Cu composite material were
established to analyse the residual thermal stress. This analysis was based on the commercial finite element software
ANSYS. The distributions of von Mises effective stress and principal stress in composite were presented. The results
show that, in the cell model, the distribution of residual thermal stress in composite material is not only concerned with
the dissolution degree, but also with the morphology of stainless steel balls, and the distribution of average von Mises
effective stress shifts and the reinforcement sustains the larger stress than the matrix with the dissolution of stainless steel
balls. In the composite model, the von Mises effective stress is gradually reduced in graded areas of composite material,
showing a relatively smooth transition of stress, so the thermal stress between composite material and copper can be
released by the gradient of dissolved stainless steel balls.
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Fig.1 Structure and location of graded composite material
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Fig.2 Microstructures of 316L,/Cu composite material with different stainless steel dissolved: (a) 4—5 mm from interface of

composite zone and copper; (b) 3—4 mm from interface of composite zone and copper; (c) 2—3 mm from interface of composite zone

and copper; (d) 1-2 mm from interface of composite zone and copper
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Table 1 Material parameters
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Fig.5 von Mises effective stresses of matrix: (a) Zone 1; (b) Zone 2 ; (c) Zone 3
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Fig.6 von Mises effective stresses of reinforcement: (a) Zone 1; (b) Zone 2; (c) Zone 3

= Matrix
B Reinforcement
— Composite

Average von Mises effetive stress/MPa

Zone 2
Cell model

B 7 AR, MR SRR S N

Fig.7  Average von Mises effective stress of matrix,

Zone 3

Zone 1

reinforcement and composite

3.2 BIRGHINZENN I RAND SR

HI TN IO AN 2L L et 316L/Cu K544
BHABRRIN oAt o0, Btk g AN EE
PRI RI AR LR AR R M o MR IG T 15 21 1)
FSLROMEIEH, AT RO, b By R

WAL, Nk e v, TR AR JE X
TEREA TR, O T TR o SR A A v R I AN AR BR A
[ 7345 FH Reuss 2 MZ5 2000 — /N EAR . S52805 701
MBS oL R ] 4 T B oA A 43 DA A
e, A 3161 ANEBEN -5 H A 4 LA 45 G B T PR A
PRIt FORUTAA 2 o« P 8 FTos g JLAE AR I
PR

19 TRk 316L/Cu 524 XM 1080 ‘CR&Z 25 C
I PSRN A o A . I O mT UL, X 1 AR Bk
PR RPN AR A N T PIRAS, T AT X 14N
BRI, SO ) BB A, SN ) IR X
TR AR DX PRIBEAA P Y g [ RE AR N, T A A X 1)
BEAA P AR IR 2 R B] R R A B A AN, TGRS
INR Y AR AR A R A Akt I KV ). 5
AN FEAN BRI A AT B, 76 DAL DX 1) i P ok
PETBAL,  HER P N ) FIARIER 2 1) 2 A 3 ) 45
BRI XMMICRY ) 73 A BEAE A 45 55 45 X 40 s 52 2
SO RN )k, AR UE T4 B A X R
SRR



%21 55 9 W WY B, 5 3161 AMBEN/Cu B L SRR N ) 20 A1 2187

B 8 AP BRI

Fig.8 Composite model (a) and mesh model for simulation (b)
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Fig.9 von Mises effective stresses of copper and stainless steel in composite: (a) Copper with stainless steel dissolved, (b) Stainless
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Fig.10 Principal stress in composite: (a) o2, of stainless steel; (b) o, of copper; (c) oy,0f stainless steel; (d) a1, of copper
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Table 2 Distribution of average von Mises effective stresses

in matrix of composite zone

Stress value/MPa Volume fraction/%

0.5-12.6 1.47
12.6-24.7 14.03
24.7-36.8 28.26
48.9-61.0 37.72
61-73.1 2.28
73-85.3 4.95
85-97.4 11.29
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