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Finite element analysis on deformation behavior of Cu/Al/Cu clad sheet
during asynchronous rolling
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Abstract: An elastic-plastic finite element model of asynchronous rolling for Cu/Al/Cu clad sheet was established by software ANSYS/
LS-DYNA, and the accuracy of the finite element model was proved by comparing the simulation results of finite element model with the ac-
tual rolling experiment results. Then, through the analysis and study of asynchronous rolling deformation zone, it is found that under the
same conditions, compared with synchronous rolling, the asynchronous rolling effectively reduces the rolling normal stress and increases the
friction stress in the backward slip zone, and the cross-shear zone of asynchronous rolling promotes the metal flow at the bonding interface of
clad sheet. Under the same conditions of other rolling, the larger the reduction rate is, the smaller the cross-shear zone is, the larger the a-
synchronous speed ratio is, and the larger the cross-shear zone is. The equivalent strain of the bonding interface copper sheet near the fast
roll side is greater than that near the slow roll side, and the equivalent strain of the intermediate aluminum sheet is greater than that of cop-
per sheets on both sides. With the increasing of asynchronous speed ratio, the equivalent strain difference between the two metals on the bond-
ing interface of the clad sheet is gradually reduced, and the deformation becomes more coordinated, which is conducive to enhancing the bonding
strength of the clad sheet. The research provides theoretical basis for the preparation process optimization of copper-aluminum clad sheet.

Key words: Cu/Al/Cu clad sheet; asynchronous rolling; cross-shear zone; friction stress; equivalent strain

G R ZIRE A PR E W SN TR A PR SRR L L AR S AR R AR R AT
FH TR AL PR RE, B T R — G m AR

AR 202112703, BEATEM: 202270319 A b, DT AERSS . A, LT, B i
EemBE.: EERELAMAITBIHE (2018YFA0707300) ; [H 5 T AT AR TRl B T B S
HARRRFEIE GBI (51904206, 51974196) ”/‘\ . ;j ) S S

E-mail: wangzhenhua@ tyut. edu. cn ﬁ%%%%g %’Hﬁ o ;H\: LJF' ’ %qé %E' /E %4&)‘%%5\‘%%



176 B

kO OR

A7 4

ST R A A e R B PUE bR Y K
WE AN FE 28 A T BB S5 4 it ik e AN A4
Ry 2atEfe . 22488 AW 0] SEBlsR 1)
PG —M TR =T H . AR

ASCAGE ) i/ 55/ 4 525 WU oy — b S 280 7 4
JERZAREARIRE, o7 i o 5L A vk BT 52
AR R T AN R, — S, #L
82 E I R R AR TR BB R ELE A
PELE A USSR R AT, ol Skt 5
I E TR & FEL I AR K Ad 3R S B 47 5
T 5] 4 J LT RO AILBROG 5 AR e 25 &7 L Hil/ R
HELHIE AR EE 2 A B Z Mg m R, L
A0 o S L ) S 56 LA 3 — 2o AR Y T 24 B S A
HEATHERR A, A BRIT 7 R R 70 M 2 A1 Rk R Ze it
FULAT AE 26 M F — 1R 19 52 2% #2 fol [n) 2 19 4 30 F
BEH0 ) Randari M 25 SR S 86 A0 BR OGO H Y
JrERESE T8/ 2 RE S MR & T2,
WEoE & B, 4P (B J2 08 5T 4 ) B A e R, #L
HRPEY RS, Wi, HEESET RAA
PR 0 3 X 4R L ) 2 5 ARG L ad AR R AT T BO(E B
L, At 7T 0 S L AR A 4 Al LA R HL
RS T S 5 i AR 2 25 AR S T R A
ABRICHER, XM e EE AR S L
BN 7. AR B o A LR SE AT T ORF SR, B
AU U P st A BR T X P R 4 TR AL 2 A
FEIEAT TR, I A TR T A R R g AT
RS R, R ETTESRMIRZENT 15%,
SAEHE G A ELE E 5Ok,
BB B ELARAS W) 26 15 2 2 4 )@ 7r 5L A8
TEIKIE e 5L IX, 7682 5L XA [7] 4 J@ 51 57 1 7
BERT, AmEREnE—AaELstns, Min
Ru&mEFZ R EMHEE, #i6, RAEZEH
1454 50 B B4R T+, A SR F ANSYS/LS-DY-
NA A 48R/ 5 20 L 2 G i s PR A R T
IR SR X S A L B AL X A N ) . AR R AT
RGN, WABIIET R, REE L E AR
THT A5 AT 0 52 o B

1 AR JCAR A oy 2 51

L1 #HRERENEX

FORER AT B0 AR A4 D9 500, dabt o Tl gligh, i
DAL WIVESE ;4505 3 R AR B O R
BEALRIRE ;e fih 53¢ TR0 >R FH 2R A BE SR AT 5 AL 3t

R AS ;SR ANSYS 1 SOLID164 52 {A B
TUHEAT RS R 0, M Rk B EL AR ) PP RE S B 4N
# 1R,

®1 HEHEEEESH

Table 1 Physical property parameters of rolled piece materials

PR BRI/ MPa BAPEBUR/GPa  JHAE B/ (kg - m™)

i 90 108 0.33 8920
s 40 69 0.35 2702

1.2 JURBIME L

TEBUE DT B R rh Ry S B o L o) T 25 s
RITHRASR X W A L SR AR S B B O 1) gk A7
g, TR R FLHIRS R M 0 S T X EL AR B AT
0 YRR, RS AR 2 TR TR B EL A LA

&2 LRI EHILARS

Table 2 Geometric dimensions of roll and rolled piece

i HLIF
i T/ ( mm o +/( mm

HA/mm  HBEKE/mm il B R/ ( xR R ST/ ( X
mmXmm ) mmXmm )

D450 60 80x30x1 80%30x2

1.3 FiExI5

P4 ] S 55 UG PR oA AL 1 TSR B R
AEEFZW, L ZWTR, A SCHRA WS 50 5%
WEA . FEIARAS B 7 ) Y43 180 B, FEEE T
) EF50 o 60 By, JEEE T o5 6 By 4R
M AE A BE A TE B 1) L 0 R A IR i b — 3%, JREE
W _EAEE 5 12 Br, B2, AR AT WA K] 2
64800 MHRITHN 77287 A5 A, SR AR Y [ A% Y] 43
F1 129600 BT FI 143533 AN 4, %143 5 9 JL A
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Fig. 1  Mesh model diagram
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Table 3 Setting of parameters related with asynchronous

rolling model

J T BRI AR R I TREAL AR AN T, AR
A FL AT AR R AR AR AT T R R ok, Bk
SINAAZE 300 CHRR 1 h, X HRAh BRI A A RN A5 AR
AT R ERBLAAT S, RS 80h 5% 1
H,SO, IR UES MR . 5% ) NaOH ¥ V& B 18 454,
K12 10 min DLEBRR I, R)5 A BT
VB4 AR BRI A R, LR R R A E
SEEEHH T EZMSEEENE 6 Pin, LK
R A AE 2 PR

*6 RUIHAESIRHIZSH
Table 6 Process parameters of asynchronous rolling

compound experiment

S8 B
i/ R R ) Sl EE A DR B 0.40
i/ BB R i EE A DR 0.50

WpRR SRS EE N By 0.25
WAREE SR EEN S 0.35

FRAEE o,/ (rad - s7") 4.0, 4.2, 4.4, 4.6, 4.8
THAHE 0,/ (rad - sh 4.0

1.00, 1.05, 1.10, 1.15,
LRSS ELL i (r=50%)

1.20
ETFEr/% (i=1.15) 40, 45, 50, 55

V. ARSI EFALAEIEZ I, B ize,/0,

2 HIRJUAHEA S I iE

2.1 XIHE

PEFE Tl 4li4h L1060 Fatis T2 4755 2% 5L
BA SR, SIS A R RLAR O . KECH
100 mm ., FEHEN 30 mm, FAHJEE N 2 mm, 4k
JEEEH 1 mm, PARNBREAG 322 4b 22 1A an 3k 4
5 R,

x4 T2HHULERS (%, RESHHE)
Table 4 Chemical compositions of T2 copper

( %, mass fraction)

Fe S Pb Cu
0. 005 0. 005 0. 005 P

£S5 L1060 SRELFER S (%, RESE)
Table S Chemical compositions of 1.1060 aluminum

( %, mass fraction)

Fe Si Cu Cu Mn Mg Al

0.15 0.10 0. 05 0. 05 0.03 0.03 R

b JETH /% LRSI
1 40 1.00
2 45 1.00
3 50 1.00
4 55 1.00
5 65 1.00
6 70 1.00
7 40 1.15
8 45 1.15
9 50 1.15
10 55 1.15
11 65 1.15
12 70 1.15
13 50 1.05
14 50 1.10
15 50 1.15
16 50 1.20
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Fig. 2 Clad sheet specimens after rolling
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FEUGEZIREE, by AEUGIZIEE, h RELS
SRR GNUSIRERE, R T MR 8 FTLIAEE, 5T
B4 SR FRIC 0 L2528 AR T, S AR X
2Z/NT 4.2%,

x7 FEAETETEGRILEEEE (i=1.15)
Table 7 Thickness values of clad sheet after rolling under

different reduction rates (i=1.15)

JET /%
45 50 55
JEIE HHXT Hx i)
Ty FEM/ S/ FEM/ S/ FEM/
R R/ R/
mm mm mm mm mm mm
% % %

he, 0.616 0.635 3.1
hy  0.972 1.002 3.1
ho 2,204 2.272 3.1

0.560 0.570 1.8
0.866 0.902 4.2
1.986 2.042 2.8

0.487 0.506 3.9
0.792 0.818 3.3
1.766 1.830 3.7

x8 ATRHBRIELTEAWILBEEEE (r=50%)

Table 8 Thickness values of clad sheet after rolling under different roll asynchronous speed ratios (r=50%)

AL AL L
1.05 1. 10 1.15 1.20
JERE
S8/ FEM/ S8/ FEM/ S8/ FEM/ S8/ FEM/
. e e e s R HIRiE2/%
mm mm mm mm mm mm mm mm
he,  0.576 0.585 1.6 0.574 0.582 1.4 0.574 0.580 1.0 0.572  0.578 1.0
hy 0.876  0.890 0.5 0.876  0.902 3.0 0.834 0.894 1.1 0.876  0.914 4.0
h 2.038 2.060 1.8 2.024 2.066 2.1 2.030 2.054 1.2 2.020 2.101 4.0
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Fig. 3 Relationship curves of component metal thicknesses and

reduction rates (i=1.15)
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Fig. 5 Normal stress comparison of synchronous rolling and

asynchronous rolling (r=50% )
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Fig. 6 Change curves of normal stress under different roll asynchronous

speed ratios
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Fig. 7 Comparison on friction stress distributions of synchronous

rolling and asynchronous rolling along contact arc (r=50%)
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Fig. 8 Schematic diagram of cross-shear zone and its width
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Fig. 9  Effects of reduction rate on size of cross-shear zone
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