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The aim of this study was to investigate the influence of stand-off distance and the explosive ratio 
parameters on metallurgical and mechanical properties of three-layers explosively bonded copper-
aluminum-copper interface. To illustrate the effects of these two parameters, samples were welded with 
different stand-off distances and explosive ratios. Optical microscopy, scanning electron microscopy, 
microhardness and tensile-shear strength tests were carried out on the samples. The results indicate a 
suitable joint with proper metallurgical and mechanical properties in copper-aluminum-copper plates. 
Microscopic images showed the semi unsymmetrical wavy interface with cracks and voids, also by 
increasing the explosive ratio, locally melted zones were increased at the interfaces. Elemental analysis 
confirmed the brittle intermetallic compounds at the interface that produce cracks in these areas.  Also, 
the wavelength increased with increasing explosive ratio. Hardness increased near the interfaces due to 
the severe plastic deformation and increased with increasing the explosive ratio. Tensile-shear test 
results showed the decrease in bond strength caused by increasing the explosive ratio.      
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Fig.1 Geometrical configuration of a three-layer explosion welding.  
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Fig. 2 Setup of explosive welding tests  
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Table 1 Physical and mechanical properties of used metals [1] 

  Cu-10200  Al-1050  

  gcm  8.96 2.705  

  °K 1358  933  

  MPa 163  90  

  HV 74  30  

  GPa 115  69  

  Jg k  386  900  

  Wm k  400  237  

  ms  6400  4700  

 
 2 .  

Table 2 Welding Parameters. 
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Fig. 3 Tensile-shear strength test method and sample according to DIN 
50162 standard a) The test sample b) Fixture and test method.  
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Fig .4 Metallographic test picture of sample No.3: a) The interface of 
flyer copper - aluminum b) The interface of aluminum - base copper  
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Fig .5 Metallographic test picture of sample No.4: a) The interface of 
flyer copper - aluminum b) The interface of aluminum - base copper  
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Table 3 wave amplitude variations at the interface of samples No.3 and 
No.4 

  ) mm( 
3 –  )( 0.012 

3 –   )( 0.010 

4 –  )( 0.044 
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Fig. 6 SEM picture of sample No.3: a) The interface of flyer copper - 
aluminum b) The interface of aluminum - base copper 
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Fig. 7 SEM picture of sample No.4: a) The interface of flyer copper - 
aluminum b) The interface of aluminum- base copper 
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Table  4 The results of EDS analysis of the samples No.3 and No.4. 
Interfaces  

  
    

EDS 

  -
  Al (at %) Cu (at %)  

  
  

  

–
 )  

P1  
 70.93  29.07  CuAl2 

– 
 )  

P2  
 81.39  18.61  Al/CuAl2  

  
  

  

–
 )  

P3  
  67.73  32.27  CuAl2 

– 
 )  

P4 84.47  15.53  Al/CuAl2  

  
"9 10"  
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 74HV 30HV 

101HV  58HV  
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Fig. 8 Result of EDS analysis of locally melted zone of sample No.3: a) 
P1 point b) P2 point 
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Fig. 9 Hardness profile of interfaces Joint No.3 (R =2.8):  a)  The  
interface of flyer copper - aluminum b) The interface of aluminum - 
base copper. 

9 3 )2.8=R ( ( 

- (-  

   

] 20,19 .[
  .

 
] 7.[ 

4 -   
 -1-

- 

 
 -2

  

CuAl2  
 -3 -  

 -  .
 

 
)(   )a( 

 
)(   )b( 

  

Fig. 10 Hardness  profile  of  interfaces  Joint  No.4  (R  =3.8):  a)  The  
interface of flyer copper - aluminum b) The interface of aluminum - 
base copper 
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