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Fig. 1 Micrographs of steel/Al composite sheet: (a) SEM
image; (b) SEM image; (c) Optical micrograph with

crystallized characteristics
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Fig. 2 SEM images and EDS analysis results of interface
zone of steel/Al composite sheet: (a) Left interface;
(b) Right interface

o o
Al surface o
s L Lo

Steel surface
[e] = v
ool s Mo o) oo

20 40 60 80
20/(°)

B3 WEAFmFEEN, BEREZM XRD i

Fig. 3 XRD patterns of steel and aluminum surface after
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22 RTRFENE SRR Z MR

/BB EARAE AN (] AR T 2 N 404 1R T 1
SR SHMEL TR 1, B R - RAR 2k
K4 FITR o 4 RS 1.0X 107" s 1628 1.0X 1072
s, AR JERGEE B 233.2 MPa H1 % 246.3
MPa, HihisiE i1 254.3 MPa #2255 274.6 MPa, 1
AW R KRR TR &EARE RIS 2
T7AE NIRRT P, 55 I A e 49
BRER AR, AR E SRR EE T, B
T

B 1 &R 1 ERAMaI AL, AR R
[ 0 5% RS R R 2 AR A 2 (D FTR
(98 i e,

O-total =

O,

steelxsteel + O-AleI ( 1 )

X x RRPERERARGHRPERZ . B
AR PR S AR R i R 5 S (1) T SRLELAR B s
AWK, RINGELES T AN TN, 520>
PR R, S T E AR SEETERE. i, R
AR T e R R < R 2 ) AN i A2 A SR
o, HARIAGHER IR R
FERLAINEAIY, EaBO BRI, b
BRANAN AL AR ) SRR B R LU R R, )R %
SEAENR T T3 1) AR AR DR, 3 AN /A0 2 1) 45 5 XTI
B B 7 A ANt A a2, akndes, R E ST
G R I AR AN K S IS By, AR S T TR B



31 B 8 W

PN, S BUAREIRE A BB et S S R s 1

2129

F 1 RIS O R RS A

Table 1 Tensile properties of composite sheet and individual layer at different strain rates

Material Strain rate/s”! Yield strength/ Ultimate tensile Elongation ratio at
MPa strength/MPa fracture/%
1.0x10* 2332 2543 9.0
Composite sheet 1.0X107° 239.0 263.2 7.7
1.0X 1072 246.3 274.6 5.6
Steel layer 1.0X107° 407.3 421.6 7.1
Al layer 1.0X107 33.6 56.8 13.6
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Fig. 4
composite sheets and individual layer at different tensile

Engineering stress—strain curves of steel/Al

rates
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Fig. 5 SEM images of tensile fracture of steel/Al composite sheets at different strain rates: (a) 1.0X 10*s™', fracture surface;
(b) 1.0X 107 s™", fracture side; (c) 1.0X10° s', fracture surface; (d) 1.0X 107 s™', fracture side; (¢) 1.0X 107> s', fracture

surface; (f) 1.0 X 102 s, fracture side
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Fig. 8 SEM images of steel/Al composite sheet stretched
to necking stage: (a) Composite sheet; (b) Left interface;
(c) Right interface
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Fig. 9 Schematic diagram showing tensile deformation
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layer; (e) Fracture of composite sheet
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Mechanical properties and interface failure behavior of
steel/Al laminated composite sheets during tensile test

LI Xiao-bing"?, JIANG Guo-min', WANG Qiang', ZHANG Xiao-li', YI Jun-ying', QU Jin-bo®, YANG Cai-fu’

(1. School of Metallurgy and Materials Engineering,
Jiangsu University of Science and Technology (Zhangjiagang), Suzhou 215600, China;
2. Department of Plate and Strip, Jiangsu (Shagang) Institute of Research of Iron and Steel, Suzhou 215625, China;
3. Department of Structural Steels, Central Iron and Steel Research Institute, Beijing 100081, China)

Abstract: The tensile tests of steel/aluminum composite sheet were conducted at strain rate ranging from 1X107*
s ' to 1X107% s . It was aimed to study the deformation behavior and failure mechanism. The results show that a
transition layer with thickness of about 8§ um and a few of intermetallic compounds Fe,Als and FesAl;; phases
forms at the steel/aluminum roll-bonded interface. The strength of the composite sheet satisfies the mixing rule
with the individual layers. The interface plays an important role in the strengthening of composite sheet. However,
the bonding interface is prone to fracture due to microstructural defects. The failure of the interface and the strain
hardening of the individual layer cause the stress-strain curve to fluctuate. High strain rate loading leads to the
sharp break of interface layer and the obvious fluctuation of tensile curve. During the quasi-static tensile process,
the cracks firstly initiate in the steel/aluminum interface, and the additional stress between the layers causes the
cracks to grow and expands into aluminum layer. The steel layer subsequently necks and causes the composite
sheet to fracture. By increasing the bonding strength of steel/aluminum interface, the deformation coordination and
mechanical properties of the composite sheets can be improved.

Key words: steel/aluminum composite sheet; tensile test; bonding interface; fracture; mechanical properties
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