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Abstract: The formability of AA5052/polyethylene/AA5052 sandwich sheets was experimentally studied. Three kinds of 
AA5052/polyethylene/AA5052 sandwich specimens with different thicknesses of core materials were prepared by the hot pressing 
adhesive method. Then, the uniaxial tensile tests were conducted to investigate the mechanical properties of AA5052/polyethylene/ 
AA5052 sandwich sheets, and the stretching tests were carried out to investigate the influences of polymer core thickness on the limit 
dome height of the sandwich sheet. The forming limit curves for three kinds of sandwich sheets were obtained. The experimental 
results show that the forming limit of the AA5052/polyethylene/AA5052 sandwich sheet is higher than that of the monolithic 
AA5052 sheet, and it increases with increasing the thickness of polyethylene core. 
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1 Introduction 
 

With the gradual requirement of fuel savings and 
structural weight reduction in industries, lightweight 
materials and lightweight structures have gotten more 
and more applications. Over the past decades, metal− 
plastic sandwich sheets have generated a considerable 
interest as potential lightweight materials for structural 
parts [1]. Typically, a metalplastic sandwich sheet 
consists of two layers of metallic sheet as skin and a 
polymeric material as core. Three layers are glued 
together. The skin metallic materials are steel or 
aluminum alloy and the core polymeric material is 
polypropylene or polyethylene generally. Compared with 
monolithic metallic sheet, metal−plastic sandwich sheet 
offers lower density, higher specific flexural stiffness, 
better dent resistance and better sound and vibration 
damping characteristics [2−4]. Among various sandwich 
sheets, aluminum/plastic/aluminum sandwich sheets 
have generated a considerable interest as potential light 
weight and sound-deadening sheets for the body panels 
of high performance vehicles [5,6]. 

Although the aluminum/plastic/aluminum sandwich 
sheets have many advantages, however, the forming of 

these materials is very complicated due to the extremely 
large difference in mechanical properties between the 
polymer core and the skin sheet. The behaviors of the 
sandwich sheets are quite different from those of 
homogenous metallic sheets during the forming 
processes. The interface stress between skin sheet and 
core layer has a large influence on the deformation 
behavior of sandwich sheet [7]. Furthermore, the sliding 
and shearing occur between skin layers and hence affect 
the formability of the sandwich sheet [8−11]. In order to 
apply aluminum/plastic/aluminum sandwich sheets for 
automotive body panels, the formability of sandwich 
sheet must be investigated firstly. Over the past decades, 
many aluminum/plastic/aluminum sandwich sheets have 
been developed, such as AA5005/polypropylene/ 
AA5005 sandwich sheet, AA5182/polypropylene/ 
AA5182 sandwich sheet and AA3105/polypropylene/ 
AA3105. The formability of these sandwich sheets was 
investigated through experiments and numerical 
simulations, and some factors affecting the formability 
were also analyzed [12−16]. 

In the present study, a new AA5052/polyethylene/ 
AA5052 sandwich sheet was prepared, and the 
formability of AA5052/polyethylene/AA5052 sandwich 
sheets was investigated through experiments. Three  
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kinds of AA5052/polyethylene/AA5052 sandwich 
specimens with different thicknesses of core materials 
were prepared by the hot pressing adhesive method. The 
uniaxial tensile tests were firstly conducted to have a 
better understanding of the mechanical properties of 
AA5052/polyethylene/AA5052 sandwich sheet. Then, 
the stretching tests were conducted for these sandwich 
sheets to investigate the influences of friction and 
polymer core thickness on the limit dome height of the 
sandwich sheet. Finally, the forming limit curves for 
these three kinds of sandwich sheets were obtained. 
 
2 Preparation of sandwich sheets 
 

A non-heat-treatable 5052-O aluminum alloy sheet 
with a thickness of 0.5 mm was used as skin materials of 
sandwich sheets. Table 1 shows the chemical 
composition of the AA5052-O skin sheet. A high density 
polyethylene was used as core materials of sandwich 
sheets. The strain—stress curves of AA5052-O skin 
sheet and polyethylene core materials are shown in   
Fig. 1.  
 
Table 1 Chemical composition of AA5052-O aluminum alloy 
(mass fraction, %) 

Si Fe Cu Mg Mn Cr Zn Al 
0.06 0.27 0.01 2.46 0.06 0.19 0.01 Bal.

 

 
Fig. 1 Stress—strain curves of AA5052-O skin sheet and 
polyethylene core 
 

The AA5052/polyethylene/AA5052 sandwich 
sheets were fabricated by the hot-pressing method. A 
hot-melt polyethylene adhesive film with a thickness of 
0.05 mm was inserted between the AA5052 skin sheet 
and the polyethylene core to bond the core material and 
skin layers. The mould was placed into a pre-heated hot 
press with a thermocouple used to monitor the 
temperature of sandwich sheet. At 180 °C, the sandwich 
sheet was consolidated at a hydraulic plane hot pressure 
of 2 MPa for 7−10 min. Three kinds of sandwich sheets 

with core thicknesses of 0.5, 1.0 and 2.0 mm were 
prepared to investigate the influence of the thickness 
ratio on the formability of the sandwich sheet. 
 
3 Tests for formability of sandwich sheets 
 
3.1 Uniaxial tensile tests 

The mechanical properties of sandwich sheets were 
determined through the tensile tests. The skin and core 
materials were cut in the required shapes directly and 
then bonded to the sandwich samples. A standard 
extensometer with a length of 25 mm was used to 
measure the strain accurately. An Instron 5569 material 
testing machine was used to perform the tensile tests on 
the sandwich specimens, and all the tests were conducted 
at a constant cross-head speed of 3 mm/min until fracture 
occurred. 

According to Ref. [17], the stress—strain curves of 
the sandwich sheets can be predicted from those of the 
aluminum skin and the plastic core according to the rule 
of the mixture: 
 

csffs ϕσϕσσ +=                              (1) 
 
where σs is the flow stress of sandwich sheet, σf and σc 
are the flow stresses of skin sheet and plastic core, 
respectively, φf and φc are the volume fractions of skin 
sheet and plastic core, respectively. 

Figure 2 shows the comparison of nominal stress—
engineering strain curves of sandwich sheets determined 
by tensile tests and those calculated from the rule of the 
mixture. The results show that there are reasonably good 
agreements between the experimental and the calculated 
values, which indicates that the rule of the mixture can 
appropriately predict the tensile properties of the 
AA5052/ polyethylene/AA5052 sandwich sheet. 

Table 2 lists the mechanical properties of 
AA5052-O skin sheet and sandwich sheets. The yield 
stress (YS), the ultimate tensile strength (UTS) and the 
 

 
Fig. 2 Nominal stress—engineering strain curves of sandwich 
sheets 
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Table 2 Mechanical properties of AA5052-O skin sheet and 
sandwich sheets 

Specimen E/ 
GPa

Elf/ 
% 

YS/ 
MPa

UTS/
MPa

0.5 mm AA5052-O 69 27.5 108 275 

1.5 mm sandwich sheet 39.52 28.2 74.7 192.5

2.0 mm sandwich sheet 37.63 29.4 57.5 150.2

3.0 mm sandwich sheet 26.57 30.6 42.5 107.3

 
elongation at fracture (Elf) are obtained from the stress—
strain curves shown in Figs. 1 and 2. The elastic modulus 
of sandwich sheets is lower than that of the AA5052 skin 
sheet. The elongation of the sandwich sheet is higher 
than that of the monolithic AA5052-O sheet and 
increases with increasing the thickness of polyethylene 
core. 
 
3.2 Formability tests 

Hemispherical punch tests were conducted to 
investigate the formability of sandwich sheets. The 
diameters of the hemispherical punch and the die cavity 
are 90 and 95 mm, respectively. These tests were carried 
out on a universal testing machine. The punch stroke and 
load were obtained through the computer connected with 
the material testing machine. The cross-head speed was 3 
mm/min for all tests. The main dimensions of the test 
samples are shown in Fig. 3. By changing the specimen 
geometry and lubrication conditions, various strain ratios 
of a deformed specimen formed. The specimens were 
prepared along the rolling direction. The arc-shaped 
specimens have widths of 20, 40, 60 and 80 mm, and the 
circle specimens have a diameter of 130 mm. The strain 
paths of the arc-shaped specimens were located in the 
negative minor strain region, which covered the region 

from the simple tension region to the plane strain region; 
and the strain paths of the circle specimens covered the 
plane strain region to the balanced biaxial stretch region. 
Two lubrication conditions were applied to the 
punch-stretch tests. The friction coefficient decreased in 
the order of dry and polytetrafluoroethene film. Each 
arc-shaped specimen had one specific strain path on the 
forming limit diagram (FLD) with the same lubricant 
(polytetrafluoroethene), and the circle specimens 
deformed with different lubricants (dry and 
polytetrafluoroethene) to obtain the biaxial stretch. The 
circle grids (each with a diameter of 2.0 mm) were 
printed on the surface of test samples to measure the 
strain of specimens after testing. The blanks were 
securely clamped in the holding die without excessive 
pull-in. 

Figures 4 and 5 show the deformed specimens for 
AA5052-O skin sheet and three kinds of sandwich  
sheets. The localized fracture of the specimens took 
place in the center of the specimen for the arc-shaped 
specimens and deviated the dome center for the circle 
specimens. The deformed grids near the fracture were 
measured by using the strain analysis system ASAME so 
that the major strain and the minor strain can be 
determined. 

 
4 Results and discussion 
 
4.1 Punch load profile and limit dome height 

Firstly, the forming load and limit dome heights 
were analyzed for the monolithic AA5052 sheet and 
three kinds of sandwich sheets. Table 3 lists the 
measured limit dome height (LDH) and limit punch load 
(LPL) in the hemispherical dome stretching test. It can  

 

 
Fig. 3 Main dimensions (a) (Unit: mm) and experimental specimens (b) of test samples 
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Fig. 4 Bulged specimens: (a) Monolithic AA5052 sheet; (b) 1.5 mm sandwich sheet; (c) 2.0 mm sandwich sheet; (d) 3.0 mm 
sandwich sheet 
 

 
Fig. 5 Deformed shapes of arc-shaped test specimens: (a) Monolithic AA5052 sheet; (b) 1.5 mm sandwich sheet; (c) 2.0 mm 
sandwich sheet; (d) 3.0 mm sandwich sheet 
 
Table 3 Measured limit dome height (LDH) and limit punch load (LPL) in hemispherical dome stretching test 

Arc-shaped specimen Circle specimen 
Material Parameter 

20 mm 40 mm 60 mm 80 mm Dry Polytetrafluoroethen

LDH/mm 16.6 20.3 20.8 21.2 19.2 23.6 
Monolithic AA5052 sheet 

LPL/kN 2.08 5.10 7.45 7.78 9.26 11.85 

LDH/mm 17.9 20.9 24.6 25.1 21.1 28 
1.5 mm sandwich sheet 

Load/kN 4.52 9.21 16.37 18.45 22.47 34.81 

LDH/mm 18.1 21.8 26.1 27.8 23.5 29.2 
2.0 mm sandwich sheet 

Load/kN 4.61 11.33 17.34 22.22 27.91 36.32 

LDH/mm 18.7 23.5 27.2 28.2 23.7 31.7 
3.0 mm sandwich sheet 

Load/kN 4.95 13.54 18.65 23.45 28.12 42.59 

 
be seen that the LDH and the LPL of the sandwich sheets 
and the monolithic AA5052-O sheet increase with 
improving the lubricant condition. At the same forming 
height, the punch load under polytetrafluoroethene 
lubricant condition is obviously lower than that under 
dry condition for the monolithic AA5052-O sheet. But 
for the sandwich sheets, the lubricant condition has not a 

significant effect on the punch load at the same forming 
height. 
 
4.2 Strain distributions 

The strain distributions of bulge specimens were 
measured by strain analysis system ASAME. Figure 6 
compares the major strain distributions and the minor 
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strain distributions of sandwich sheets and monolithic 
sheet under polytetrafluoroethene film lubricant. The 
maximum major strain points of all specimens deviate 
the center of specimen and the maximum minor strain 
points locate at the dome center for all bulged specimens. 
The maximum major strain and the maximum minor 
strain of sandwich sheets are higher than those of the 
monolithic sheet. With the increase of the thickness of 
core polymer, the limit strain of the sandwich sheet 
increases. Furthermore, the local necking point moves 
towards the dome center with increasing the thickness of 
core polymer. 
 

 

Fig. 6 Strain distributions of bulged specimens: (a) Major strain 
of specimens; (b) Minor strain of specimens 
 

Figure 7 shows the thickness strain distributions of 
bulged specimens under polytetrafluoroethene film 
lubricant. Overall, the strain of the sandwich sheets is 
larger than that of monolithic sheet and increases with 
increasing the thickness of core polymer. Furthermore, 
with increasing the thickness of core polymer, the 
maximum thinning point moves towards the dome 
center. 
 
4.3 Forming limit diagram of sandwich sheets 

Figure 8 shows the measured FLCs of AA5052-O 
skin sheet and three kinds of sandwich sheets. It can be 

seen that the FLCs of sandwich sheets are higher than 
that of the skin sheet. This result confirms that the 
formability of aluminum alloy−polymer sandwich sheet 
is higher than that of monolayer aluminum alloy sheet. 
Furthermore, the FLCs of the 2.0 mm sandwich sheet 
and the 3.0 mm sandwich sheet are far higher than that of 
the 1.5 mm sandwich sheet. The FLC of the 3.0 mm 
sandwich sheet is little higher than that of the 2.0 mm 
sandwich sheet. It can be concluded that the FLC of 
sandwich sheet increases with increasing the core 
thickness when the thickness of skin sheet is constant. 
 

 

Fig. 7 Thickness strain distributions of bulged specimens under 
polytetrafluoroethene film lubricant 
 

 
Fig. 8 Measured FLCs of AA5052-O monolithic sheet and 
sandwich sheets 
 
5 Conclusions 
 

1) The stress — strain curves of AA5052/ 
polyethylene/AA5052 sandwich sheets agree with the 
rule of the mixture and can be predicted by the 
combination of stress—strain curves of AA5052 and 
polyethylene. 

2) The elongation at fracture of AA5052/ 
polyethylene/AA5052 sandwich sheet is higher than that 
of monolithic AA5052 sheet and increases with 
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increasing the thickness of polyethylene core. 
3) The limit dome height of AA5052/polyethylene/ 

AA5052 sandwich sheet is larger than that of monolithic 
AA5052 sheet. Increasing the thickness of the 
polyethylene core and improving the lubrication 
condition benefit the enhancement of the limiting dome 
height of the sandwich sheet. 

4) Forming limits of AA5052/polyethylene/AA5052 
are higher than those of monolithic AA5052 sheet. The 
formability of AA5052/polyethylene /AA5052 increases 
with increasing the thickness of the polyethylene core. 
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摘  要：对 AA5052/聚乙烯/AA5052 复合层板成形性进行实验研究。采用热压粘结法制备 3 种中心层聚合物厚度

不同的 AA5052/聚乙烯/AA5052 复合层板。对制备的复合层板进行拉伸实验，研究其力学性能。对 3 种聚合物复

合层板进行刚性半球凸模胀形实验，研究中心层厚度对复合层板极限胀形高度的影响，得到 3 种复合层板成形极

限曲线。研究结果表明：AA5052/聚乙烯/AA5052 复合层板的成形极限高于单层 AA5052 铝合金板材的成形极限，

并且随着聚乙烯层厚度的增加，复合层板成形极限提高。 

关键词：AA5052 铝合金；复合层板；聚乙烯；成形性；成形极限图 
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