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Influences of thickness ratio and annealing temperature on stamping properties
and interfacial bonding strength for copper/aluminum cold rolled plate
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Abstract: In order to meet the needs of intelligent manufacturing and lightweight ammunition, Cu/Al composite plate with the thickness
ratios of 1 : 1, 1:5 and 1 : 9 were prepared by cold rolling method, and the influences of thickness ratio on stamping properties and in-
terfacial bonding strength of composite plates were studied. Then, the basic mechanical properties and anisotropy parameters of materials
were obtained by uniaxial tensile tests, and the stamping properties of Cu/Al composite plate were quantitatively characterized by the deep
drawing cups testing and Erichsen cupping test. Furthermore, the influences of annealing temperature on the mechanical anisotropy behav-
ior and interfacial bonding strength of composite plates were studied to regulate the stamping properties of composite plate. The results
show that the quality of stamping parts for three kinds of Cu/Al composite plates is good, and the higher the thickness ratio of copper layer
is, the better the stamping properties of composite plate are. After annealing at 500 °C /120 min, the mechanical anisotropy parameter of
plate reaches the lowest value of 0. 027, and the stamping properties is significantly improved. As the annealing temperature increases,
the thickness of diffusion layer gradually increases, and the interfacial bonding strength first increases and then decreases. Thus, the re-
search results con provide the theoretical guidance for the preparation of Cu/Al composite plates with excellent stamping properties.
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Fig. 1 Metallographic microstructure at interface of Cu/Al composite plate
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Table 1 Thickness ratio and specific thickness composition of
Cu/Al composite plate

A5 HFHBEREL BEE/mm CuZEE/mm  AlZEE/mm
1 1:9 3.0 0.3 2.7
2 1:5 3.0 0.5 2.5
3 1:1 3.0 1.5 1.5
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Fig. 3 Schematic diagrams of deep drawing cups testing (a) and Erichsen cupping test (b)

220 - vvvv, - BEHALIKCWAIR A7
- vrv7 —o- B L 15K Cw/AIR £1]
2000 ¥ -a- JE B BN T:9BICWALE K]
180f Y "’i%ﬁj‘
160 - f
s U0
E 140
<120 _-[
% 100 v
H 80" j-t*vt**m\'\
60 5\
40 * \\
20

" L " L L 1 "
100 20 30 40 50 60 70
TRERE/%

(=}

B4 RIEREE HOR) Cus AL S A Aok i AR 7 ) — AR 1A% i 2k
Fig. 4 Engineering stress-engineering strain curves of Cu/Al

composite plate with different thickness ratios
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Fig.5 Necking phenomenons at tensile fracture of Cu/Al composite plates with different thickness ratios
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Fig. 6 Tensile fracture morphologies of Cu/Al composite plate with thickness ratio of 1 : 1
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Fig. 7 Macroscopic morphologies of Cu/Al composite plate stamping parts with different thickness ratios
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Fig. 9 Parts by Erichsen cupping test of Cu/Al composite plates with different thickness ratios

IR AT B A2 AR T ] Lankford {62404 7]
STk RBORFKAE,

FRPEINAR . r D i 58 5 1) 5 V5 7 1) L AR
A ELAE, B

In(b/b,)

&, - In(t/t,) (2)

Kb e, AT MR EI AL & NUTIRETT )

RIS 5 by b 2333 R BROBE 400 B 0 i 25 1) 5 2
to ¢ IIAARI IR MR AR

FEIRIR R, TR Y 5 AR A AR R T 5 A

AR/ GEE ZDMEE—DEER), LA T
N AR IR 2R K, A T/ MR
MEAE R, 20 (2) AR — & 90K E I ) BN
AT GE BE T ) EL N A Sk R, AR 4l YR AR TE 4 kA
SURNRJRBE, AT (3) 116 r .

e, In(b/by)  In(b/by)

T e In(i/ty)  In(byly/bl) 3)
BN S A s 1| DR 8 = X U G IR &2 S0 R N

AR HP BRI 25% 1) TR N AR i A 5] AR T By

By = 0 AR ) e AR A, 0 A BV S FL R O




88 B E A o548 %
13.6 07
134
£ 132
5 04 < —=— 3B KR BE 250 C
P g —— SR KIRE A300 C
%130 0.3 - —— 3B KR E 400 C
—v— B kIR EEH500 C
12.8 027
0.1 -M'
12.6 L : .
1:9 1:5 1:1
CwWAIE AR INERE 0.0 225 450 67.5 90.0
5177 e Sa1°)

10 RIREEE A Cu/ Al ZAHAIAR
Fig. 10 Cupping values of Cu/Al composite plates with

different thickness ratios

[ 0, 45° ., 90° f4 77 [l P 2 AR AA 1Y r fEL, ARHETH
A EAF R EBAYE NS L - A T A% (0] S PERE B Ar
(HHZ%0) .

rep t 2rpp +1pp

yoo= 0 T T 4

r j (4)
Top + Top — 21

Ay = R 75 ) (5)

K reps rops rp 280 U 5 EL 5 ) 00
45° . 90°J7 [ i) r {H.,

JEEELL R 1 1 WSR2 A P 250 ~ 500 C iR
KR T U AE 7w B r WL 11, AR 11 T
W, iR JGREE TR, R EEN, FEfr,,/
rep FCTEIE K 283 250 F1300 CiB KI5 45° 5 1) r
{HZE 5 T 0° 1 90°, TMiiZead 400 A1 500 C iR K J5
45° 5 1) ) r A BEAR T 00 F0 90°J7 1], hnEE 3 Fas,
Ar<0, HlH-AE 45°/135° 7 Ml 7= A Ar>0, il B
0°/90° 7 1l 7= Az, X IR G A JEL IR Sy . AP IR R KR
A A ) S B Brass BUFI Copper H 21K 2 3 Fll
SEREAM (110) [112]+(112) [111]+(123)
[634] ALK TETHBE, ik F1EH, (et
T8 45°/135° )5 1) b7 Al H- e iR ok R, 2l
AR K A 2H 3 — N Cube BUF Goss B, 4li48iE
KGRI, X RS L UELE RD . TD J7 0]
BRI ERY D gk 3 fR, Bl IR KO E AT
B, SR B R AR L 250 °C By 0. 536 BN E
500 °C B4 0. 123, -1 A9 45 ) 5 1 A2 B 7E 500 °C
AR Afi, M 0.027, iXJ& M T F45 & R4 2
BEALEL ) S kL, 29 T S0 B2 ma g e, (i o B
FEARBE,

P11 250~500 CIR AT Cu/Al BAARAIR 7 ] r {8
Fig. 11 r values for Cu/Al composite plate at annealing

temperature of 250-500 °C along different directions

®3 AEBMBET CwAl E§IRFHEEMELLFFER
FE Rk
Table 3 Average plastic strain ratios and planar
anisotropy of Cu/Al composite plate at

different annealing temperatures

BKIRBE/C rp Tpp T'rp r Ar

250 0.552 0.583 0. 426 0. 536 -0.09%4
300 0.384 0.616 0. 497 0.528 -0. 176
400 0. 487 0.438 0. 565 0. 482 0. 088
500 0. 164 0. 109 0. 108 0.123 0.027

K12 S ) JEE BE L B 40 R B ARFE 250 ~
500 CiRKRE T 0 r (H RS, mE 12 7]
A, OANFEREE SR Atk r (AR LA — 3
B AR K BE %) R, XA S N AR T A )
Tl ESH 0z Wiir 0, X RWHIRARET &, AF
T A4S T 10 S AR T DT R ARG o s A ) 1
HoR ) WoME AR, BERAMERIHE,

2.4 BNEREXNFEALMZ I

& 13 Al B R K S IR LE R 12 1 /40
EAWMHET SEM-EDX £R 4518, d1& 13 thaf
DIFEH, Zat 250, 300, 400 1500 CiE k)5, ¥°
HUZEE R 2.1, 4.0, 8.4, 24 pm, JHUZE
JE Bt AR IR BE (T i e 4, XA oY
g, BARE R T 350 C, A2 h I, &
JE LA PR IR 22 B AT O, &R )
AW AR ISR .

% 4 i, 454 EDX A HM M, 250 C
iR KCET HAR AR AR LR /D CuAl, A5 300 °C
W, ARFER B CugAl, A, BR3EIK |4 CuAl,



#
~
&
5
oL
48

o JELRE O 1B IR BE XS B/ 40 v LA b TR RE 5 AL T 45 3 R JEE Y 5 89

TRD
0.5520
0.5116
0.4712
0.4308
0.3904
0.3500
0.3096
0.2692
0.2253
0.1834
0.1480

rpD

0.6520
0.5976
0.5432
0.4588
0.4344
0.3800
0.3256
0.2712
0.2165
0.1624
0.1000

0.6010
0.4594

0.2907
0.1220

2 (.09000
0.01520
0.05140
0.17800

P12 3B i BERREBE LEXS r (A R

(a) rgp (b) rpp

(e) rpp

(d)r #l Ar

Fig. 12 Effects of annealing temperature and thickness ratio on r values

H, CuAl, HE CuyAl, AHHE G4 G B AR E R
400 CH, & & MAE 250 5 R CugAl, #H, CuAl
0. CuAl, A, 43 s R R R BE & T 300 °C
A, CuyAl, #H A1 CuAl, AH KW A= B T 87 AH CuAl;
B KR FETEZE 500 C B, PELDE R R B,
A A 3 55 AR B B 4 K IR A CugAl, . CuAl,
CuAl, ,
2.5 RAMREXNFAELESEENTID

Bl 14a 4 250 CiR K5 A [RIEBE e B 40 5 &
WsE A, mE 14 b LIEH, BiE Cu 2
JEORE LR B, AR R A R 4 AR E H
48N -mm"' BEFEE19.3 N - mm™', JEEL
HF1 1 MEAR A A RO RIE, B 14b Ny
HER A A M ) 2 o R R TR B Y AR A

It AR Ol B A T, R 6 A R A SR T e
EIHR TR, 2Rl TRE, BAHRES 300 C
I, TR A 2 0 R A X R, X Rl TR R R
KIF, R R AR S AR, R YR,
PSR B R E HE, B0 T AL G AR R AR A AT
fE, nTRE AR Y ACR S B, ROR SR kT
ARATA X B Ur 1 45 5 PR RE. Had 400 CJR, FHi
Ak A TR T G ) <R (AR S, 2R T B I Y
i ERE. LA by Mral 2 ARy A TE A A
SRR P R L L OB KRR R AL 5 4 L R
AN

3 i

(1) WELSR R 2 & Bbt i PT i am i 4 T IR



90 i N S SN N 5 48 &

2000

1600

1200

MR

800
\

400 Cu

0 20 40 60 80 100 120 140 160 180 200 200 240 260
BEES/um
()

\

Cu

20 40 60 8 100 120 140 160 180 200 220
BEES/um

@

2000
1600
= 1200
800 L
400

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34

BEES/um
®
2000 [
1600 [
Ny 1200
so0 P\ PG
VU |\] kf.‘)'“'i"“ '“I ll I
400} / [\
nh L dmdaty insprondn st i dg |

0
121416 1820 22 2426 2830 32 34 3638 4042 44 46 48 50 5254 56 58 60

BEES/um
(® (h)
B 13 ARERJOREEFERE N 1 : 16 Cu/Al E -SRI SEM-EDX 28 144> #7145 51

(a) 250 TLJ(F?EI?*EE%‘“% (b) 250 CIBHKJ5 Cu M ALJTHE (¢) 300 CIRAJFFMHR B G
(d) 300 CIBAJS Cu AT ALJTTHEMM (o) 400 CIBAJSEMABELR (1) 400 CBAKJG Cu Fl Al TCE S
(g) 500 CIBAFAMBBEEE  (h) 500 CIEIJF Cu Fl Al TR
Fig. 13 SEM-EDX line scan analysis results of longitudinal sections for Cu/Al composite plates with thickness ratio of 1 : 1 at
different annealing temperatures
(a) SEM images after annealing at 250 C (b) Distribution of Cu and Al elements after annealing at 250 C
(c¢) SEM images after annealing at 300 °C (d) Distribution of Cu and Al elements after annealing at 300 C
(e) SEM images after annealing at 400 °C (f) Distribution of Cu and Al elements after annealing at 400 °C
(g) SEM images after annealing at 500 °C (h) Distribution of Cu and Al elements after annealing at 500 C



97 Bi A% R H SR R B/ 68V LA o il 5 T 4 5 SR 1 S 91
R4 ARBNRET Co/Al SR EDX SEM%R Cu, ALZI], BEEREECHISEIN, s B A 20 4

(%, FREZH)
Table 4 EDX point scan results of Cu/Al composite

plates at different annealing temperatures ( %, mass fraction)

B AGREE/C I 25 Al Cu
250 1 67.67 32.33
2 61.10 38.90
300
3 37.17 62.83
4 68. 06 31.94
400 5 45.23 54.77
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Fig. 14  Effects of thickness ratio (a) and annealing temperature (b) on bonding strength for composite plates
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