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Abstract 
Multilayer(clad) sheets, composed of two or more materials with different properties, are fabricated using the roll-bonding 

process.  A good formability is an essential property for a multilayered sheet in order to manufacture parts by plastic 
deformation.  In this study, the influences of temperature and strain rate on the plastic properties of stainless steel-aluminum-
magnesium multilayered(STS-Al-Mg) sheets were investigated.  Tensile tests were performed at various temperatures and 
strain rates on the multilayered sheet and on each separate layer.  Fracture of the multilayered sheet was observed to be 
temperature-dependent.  At the base temperature of 200°C, all materials fractured simultaneously.  At lower temperatures, 
the Mg alloy sheet fractured earlier than the other materials.  Conversely, the other materials fractured earlier than the Mg 
alloy sheet at higher temperatures. The uniform and total elongations of the multilayered sheet were observed to be higher 
than that of each material at a temperature of 250°C.  Larger uniform elongations were obtained for higher strain rates at 
constant temperature.  The same trend was observed for the Mg alloy sheet, which exhibited the lowest elongation among 
the three materials.  The tensile strengths and elongations of the single layer sheets were compared to those of the multilayer 
material.  The strength of the multilayered sheet was successfully calculated by the rule of mixture from the values of each 
single layer.  However, no simple correlation between the elongation of each layer and that of the multilayer was obtained. 
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Table 1 Material chemical compositions 

C Cr Mn Si Fe SUS 
(STS430) �0.12 16~18 �1.0 �1.0 Bal. 

Mn Mg Fe Si Al Al 
(Al3004) 1~1.5 0.8~1.3 �0.7 �0.3 Bal. 

Al Zn Mn Si Mg Mg 
(AZ31) 2.5~3.5 0.6~1.4 0.2~1.0 �0.1 Bal. 

         (a)                   (b) 
Fig. 1 Schematic diagram of roll bonding process and 

cross section of the multilayered sheet: (a) roll 
bonding process, (b) cross section 

(a)                   (b) 
Fig. 2 Tensile specimens of multilayered sheet and 

separated sheet: (a) multilayered sheet, (b) 
separated sheet 
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(a)                   (b) 
Fig. 3 Tensile test equipment and specimen : (a) tensile 

test equipment, (b) specimen 

Table 2 Tensile test conditions 
Variables Values 

Gage length(mm) 20 
Multilayer sheet : 3.85  

Thickness(mm) STS430 : 0.98, Al3004 : 1.24 
AZ31 : 1.63 

Temperature( ) 
Room Temp., 100, 150, 200,  
250, 300, 400  

Strain rate(/sec.) 10-1 , 10-2  
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    (a)                   (b) 

  (c)                     (d) 

   (e)                    (f) 

(g)
Fig. 4 True stress-strain curves of multilayered sheet 

under various strain rates at temperatures of : 
(a) room temp., (b) 100 , (c) 150 , (d) 200 , 
(e) 250 , (f) 300  and (g) 400
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Fig. 5 Fractured section of multilayered sheet under 

various strain rates at temperatures of : (a) 
room temp., (b) 100 , (c) 150 , (d) 200 , (e) 
250 , (f) 300  and (g) 400
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(a)                      (b)  

(c)                       (d)  
Fig. 6 Yield, tensile strength and elongation at each 

temperature and strain rate : (a) yield strength, 
(b) tensile strength, (c) total elongation, (d) 
uniform elongation 

 
 
 
 
 
 
 
 

(a)                   (b) 
Fig. 7 Uniform elongation and limit dome height of 

AZ31 at each temperature and strain rate : (a) 
uniform elongation, (b) limit dome height 

 
AZ31     Fig. 7(a), (b)  
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 (a)                     (b) 

  (c) 
Fig. 8 True stress-strain curve of results at each 

material at room temperature : (a) STS430, 
(b) Al3004, (c) AZ31 
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(c)                     (d)  

(e)                    (f)  
Fig. 9 True stress-strain curve of each material at 

high temperature : (a) STS430 250 , (b) 
STS430 300 , (c)Al3004 250 , (d) Al3004 
300 , (e) AZ31 250 , (f) AZ31 300
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(c) 
Fig.10 Comparison graph of yield, tensile strength 

and elongation at temperature at each material 
and multilayered sheet : (a) yield stress, (b) 
tensile stress, (c) total elongation 
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Fig.11 The flow stress curves and considering the 

thickness by each material : (a) room 
temperature strain rate 0.1/sec, (b) room 
temperature strain rate 0.01/sec, (c) 250
strain rate 0.1/sec, (d) 250  strain rate 0.01/sec, 
(e) 300  strain rate 0.1/sec, (f) 300  strain 
rate 0.01/sec 
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