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Strain detection of copper/aluminum clad material based on digital image
correlation method

LI Yanqin', GUO Zhaocan’, ZHANG Dehai'
(1. College of Mechanical and Electrical Engineering, Zhengzhou University of Light Industry, Zhengzhou 450002,
China; 2. Yutong Bus Co.,Ltd., Zhengzhou 450016, China)

Abstract: In view of the problems existing in the traditional strain detection methods, such as complex
operation process, inability to realize real-time measurement and great influence by the environment, the
digital image correlation (DIC) method was used to measure the strain values of copper/aluminum clad plate
and its components during the tensile process, and the measured results were compared with those obtained by
the stretching machine and the finite element simulation measurement. The results show that the strain curves
of Cu plate, Al plate and Cu/Al clad plate obtained by DIC method and tensile test are very similar. The
principal strain measured by DIC method has a high consistency with that simulated by finite element method,
and the surface strain distribution is basically the same as the maximum principal strain, with a maximum
difference of 0.442 % and a minimum of 0.008 %. The strain differences obtained by finite element simulation
has a large variation with the maximum variation of 4.950 %, while that obtained by DIC method has a small
variation with the maximum variation of 0.693 %. On this basis, the precision of DIC method and finite
element method was studied by introducing strain differences, which verified the feasibility and superiority of
the DIC method for the tensile strain detection of Cu/Al clad plate.

Key words: copper/aluminum clad material; digital image correlation method; finite element method; strain

detection

s B #3:2022-06-20; & [51 HHA: 2023-04-17

EeWH:BRAAKMFLEL (51975324) ; Tl HAH L AR A (202102210087 ) ;T FHERTAHAEAL TR (HE
[2020] 40 %)

EZEBN:FHA (1974—), %, R A, SR IR, TZAFLSEMHRBTRZEHHE KRR, E-mail: yqli@zzuli.edu.cn

BIEMEE: K% (1973—), F, 3%, ¥4, TR F LA R Y R4 L F i AL L FHITL

E-mail: zhangdehai0318@163.com


https://doi.org/10.5768/JAO202344.0303003
mailto:yqli@zzuli.edu.cn
mailto:zhangdehai0318@163.com

NG 2023,44(3)  ZEMAT, 6 BT BMGOAH C J5  A0n I0 e /4R 52 23 M4 Rk 2 AR T 5% ¢ 587

515

VAR, Bl AR GEUR AN A Rk Lk, X Aall
il 38 A A 4R T A TR RS e, [ A % R A
BACHBHR h 2552 0 TR PR AR, /AR S E A
B A AN AR, B4 T R
Pl A a5, ELA L 3 | I PR 4F L PR p b
SRR R T E N AR E BT O SR
BIRA /BB S JE AR G 9T 8 22, (HOC Ti%M
RSP T 22 R RE A IE S oS3 A, FE R AR
J15 VBRI 5 v, AR 48 1 AR A Iy ik (Bt L B
N, =8 TS KINAAER R B E 24
T S B SIZ B I 5 32 A5 5 i) A R A ) A, SR ol
TR SRR 2k 5 .

% 5 1% A5 2% ( digital image correlation, DIC)
D7 ¥ 02— PR i =R mT H T4 3 28 8 i i
25, BETE AN 208 4 A g 27 M BB A 4% 0 T Xk
FE 0 A8 T 2547 0 o, H A 56 15 4 B I 2o R 1
HhrTYiae Jyne . S I RS )T R AL

Luo %5 N B ¥ DIC J5 i FH T 3041 N5 4K A4 17
B N ARSI, TF I T %7 ARG AN RN
A 0 2 7 1T A R L HL AT I SUZ 4 T ROk
AR o B AB 45 Gl 5 DIC J7 3 A BROT 7 v
W52 T Q235B ‘9. 45 A AN T8 X v At 1o 2 v 251 4
Qb 1) 07 AR g AR 43 A U, AR Z X 4 SR R 11 = 4
AF LKL . Caballero 55 AR FH DIC J7 15 X Wi AL5iE
A Ak )R R v RS 4 A e R v B SR A 1 AR
BEAT T WRGES, (E X0 A8 5 T ) AT WAL IR AR 8G #
S F IS R DIC £ AR 28 O L T
TR B - 2% 1hT B A A 22 1T 1 AR, O i T L g 2
T T BRAT 5 M 7 T AR AR, (A AR S T i
= FERE P S . Merezhko % A3 i DIC J7 %
o e BN B AN A 2 U0 A2 64T 1 AR, (EAEfOW
U 5T D5 T A PR . AR LR % R DIC
BT TERE 4 -5 B a7 4 B A MRl g e e sk hr
s T 9 R AR 5 R ROB U, R XTSRS T
(VAR AT B9 . R A5 DIC J5 ik 4 vp
I FH 7E B — bk 1 07 AR R I, 7 FH 7E 522 A R
LA /55 52 )2 MRk B 07 A8 4G D B 9 7E [ P 38 A DL
il . PRICR A DIC 73U X4 /45 52 2 Al S 4
Sy RERHRL A A AR i 4 3 AR R AT o, LA R
B E AR R o

AR SCR FH DIC 5 31 X6 il /40 42 J2 b e He 4l
WAL A 2 i v 1 e b R AR R AT I, IR I
SEEL | PRI A SRR BR T A 2 SR L, i
51 AR AE 22 (E A5 DIC J5 ¥k FiLA BROG )5 1k 445 B
MR S5 R 3K . 3T DIC Jy vk M il 48 i
AR . B H R R O ) AT I AR i R AR
DIC il &5t Jir 15 32 1 48 5 47 BR AR 48 32 1 A48 B AT 3%
fe— Bk, L2 N AR A3 A R R K 3 AR AR A
I], H R A A 22 i K 0.442%, B2 /N K 0.008%:; A
B ST 455 400 Jr 45 07 A% 25 fH B LB R, e RAE b
4.950%, DIC J7 i T 45 1w A8 22 (B A8 AL /N, fie K AR
4 0.693%, kB DIC 773k H T4 /45 2 )2 i p
Jof AR AGHI (8 AT AT

1 =1
11 R

TR /40 2 )2 Ml B VO B FR 4 B B A Mk
AR F A 7, B M AR 5 LT B8, o2 o0 b1kt
430k T2 Sl A1 1060 2l4R, fbmlisrange 1, 32 2
Fis

#£1 T28EKERD

Table 1 Chemical composition of T2 pure copper

Fe Zn S P Si Ag Cu

0.012  0.008 0.007 0.009 0006 0009 At

=2 1060 ZiB L FER S

Table 2 Chemical composition of 1060 pure aluminum

Si Fe Mn Zn Cu Mg Al

0.25 0.35 0.03 0.05 0.05 0.03 R

SR AR ] /6 S T2 A T RS T oz A 3 A v Y
AR AE A, 208 GB/T 228.1, % FHZE V) &1 10 7 78
] /R A 2 A AR 2 AP AR, SRR R RO
ARANE 1 FER o R4 P B A T T B, JF
FEH R BR B A WEE, REBE R R BR
FROBEJ A hr A R an 1] 2 i o

15

|

Al Cu

AMMHHMIHIHIHHIIHHE I H I iE EEHTTIIIIIihman

105
(a) IFERGE

|
<l
I




. 588 - A

ot 5544 4 5 3

(b) IFHIEAR
B 1 ffd RS R

Fig. 1 Size and shape of tensile sample

s

2 BURBIBIAYR IR AE
Fig. 2 Tensile sample sprayed with speckles

1.2 REEKE

DIC {56028 & K 3 Frs .
CCDAIHL
%
W%
Pofikpe

LR

717
PR LA //

(a) IR E

%N

/“

q

Frfifitg L

(b) K

3 DICRIERE
Fig.3 Test device of DIC

WK XTDIC F £ fih 4 37 b A2 I i R4 5
WAW-300 $7 I8 HUAH 25 A, X4 A . 0 H 2 Hiil/
B 2 AR A e R R ) AR R AT A i R AR
ARG EERE N 20 PEE N 1600x1 200 14
KMok CCD AL, 2 MEREA 50 mm 1Y VS-5018M
Bi3k. 21 AFT-BL100 ¥ {5 LED SGIi . frEte . —
24

2 BIRTEM

A PR TS AL G AT AL BE | 43 B iz RN S A B
3B B o FE A R T e bR L RN B R AR
JEMR AR A BR TR, I S 3 FlobA ki 5
IR 2 8, H b SR SR A R R Y 5 AR
E FUAMS EE w0, Y894 2505 A M 8L Johnson-Cook
TSR0 e E . 7E 3 iz S5 B B, 3 e
IR RAL AR /A0 2 M ST (8] 09 83405 | Ak
TR, R R R — iy [ A, 55— it it A7 B8 2K
far, AT y I B S Rl AR A
A7 W& K 43 sk, SR i C3DSR BA TSR, AL K )
A5 005 > HLITHT 6 942 A5 A5, AR ALY AN 4] 4
FioR o FEJE A3 R S Bris B a5 AL, g 7 .
I AR 7 [ Je R 77 - A 2 T 4%

B4 Rt ER
Fig. 4 Mesh model of tensile sample

3 XWHERSHH
3.1 DIC MEMBNBIKLIET

#£ XTDIC [ A% ) 8 72 5 v A IR s i B 17
KA TE BB UL, E SCHUBE RS 0 22 F fA R A b
JE A5, 8 B T 1) SRy o O 1), R T 1) (R s
) Sk y Bl E 1), S 2R B o v AR T o P
B A R W 5, 8 R 3 LR A O TR X, A S
Jii7N o At DIC J7 3 % A8 I8 6 I A9 BsE S 1 7
R BERFAIE D e FAR DG 3143045 Hh U A # o
] 5 1] PR AN B RN RS o A L A0 i S 4 /R A 2 AR
ANEVTT RS . AR R ZE WL 6 TR .

5 HMBEEGLARR N =

Fig. 5 Speckle image coordinate and observation points



NG 2023, 44(3)

BT, A B PR OGO A A /R S22 AR B AL T 5 .+ 589

k8%

R/ %

k8%

)

—a— X7 [0 5L FS
—— YT
——ZJy [V 5%

—— SFE

P

100 150 200 250 300 350
HiF[a)/s
(a) FBRNOLFE

0 50

400

0 50 100 150 200 250 300 350

400
M )/s
(b) Hil B AE
e XTI
—e— YIRS
I —— TR
—— B
s ===l
(.] 5‘0 1(.)0 lé() 2(‘)0 250 3(.)0 350
i ) /s
() FRHRNI#%
6 5.0 1(.)0 15.0 260 2;0 3(.)0 350
I 8)/s
(d) bR N A

—a XTI
—a VTR

—— 7R
—— LS

0 50 100 150 200 250 300

A lil/s
(e) AR E IZ A

350

—a XJT TR
60 + —_— ybmﬁﬁ’}?
—— N

AR /%
(9%}
(=]

20 b
10 b
0+
0 50 100 150 200 250 300 350
[ a)/s
(O MR SRS

6 REFHEALTE . NI

Fig. 6 Displacement and strain curves in different directions
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plate obtained by tensile test and DIC method
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Fig. 9 Strain distribution diagram of Cu plate, Al plate and Cu/Al clad plate samples
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Fig. 10 Strain of Cu plate, Al plate and Cu/Al clad plate at

yield, strengthening and fracture time
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