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Deep Drawing with rubber components is one of the conventional methods to reduce the cost of
manufacturing, also this method is core cause for increase of LDR and has positive effect on
improving the thinning defect. Moreover, the punch or matrix is made of rubber. Deep drawing of
two-layer sheets is one of the new ways to achieve the desired properties in the produced parts in
which two layer metal sheets are connected to each other by glue and are transformed together to
the desired shape. Thinning control is different in the single layer when there are different
materials or thicknesses. In this paper used the technique of initial gap distance between blank
holder and fixed ring. In this study square sample using die along with rubber matrix by
experimental and three-dimensional simulation has been formed. In this paper, using the finite
element method and hyper-elastic model and the numerical model simulation for this process is
three-dimensional. Then, to validate the obtained result from simulations, die with rubber
components is made for square cups by considering permutation of layers for aluminum and steel
and then, experimental and numerical results were compared. Finally, for evaluation effect of
process parameters on thinning defect, force of punch and blank holder force used from Taguchi
methodology.
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Fig. 1 Tensile test sample
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Fig. 2 True stress strain AL 1100 
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Fig. 3 True stress strain ST 14 
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Table 1 Mechanical properties of materials

  
)GPa(

  
(MPa)

  
kg/mm3)(

    
(MPa)

  

AL110070796 -10×6.233.07.1601490.

ST 14200.31806 -10×8.7290.8.385230.

2 -2-   
60 A    .

  
  

 .ASTM 575   
2   

4   
 5
6   

2 -3-   
6  .
 .

 .  
4   

2   
Table 2 results of the stress test parameters rubber

  
  

)MPa(
  

(mm)

  
mm)((mm/min)

3.9212064.512
  

Fig. 4 Rubber engineering stress-strain curve
4   

  
Fig. 5 Terms and pressure testing equipment rubber

5   

  
Fig. 6 Assembly of the tooling for rubber-pad forming process
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Fig. 7 The experimental apparatus 
7 

Fig. 8 Die components used in the experiment
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Table 3 Elements of the die components in the finite element Model

    R3D4  318  
     C3D8RH770  

     S4R140  
    R3D4420  

    R3D4247  
    R3D4320  

  
Fig. 9 Simulation model boundary conditions

9   

  
Fig. 10 Measurement paths

10    

  
Fig. 11 The sample manufactured with two layers sheet in experimental
work arrangement a) ST-AL sheet b) AL-ST sheet
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Fig. 12 Thickness distribution two layers AL-ST sheet in simulation
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Fig. 13 Thickness distribution layer AL in path Based on experimental and
simulation
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Table 4 Input parameters in experimental design 
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Fig. 14 Thickness distribution layer ST in path Based on experimental and
simulation
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Fig. 15 Thickness distribution layer ST in path Based on experimental and
simulation
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Fig. 16 Thickness distribution layer AL in path Based on experimental and
simulation 
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Fig. 17 Thickness distribution layer AL Based on permutations in two layers
sheet in experiment
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Fig. 22 The Effect Punch Radiuse on Maximum Load Punch
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Fig. 23 The Effect Material and Initial Distance on Maximum Load Punch
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Fig. 24 Effects of initial gap on the force of the punch
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Fig. 25 The Effect Punch Radiuse and Initial gap on Maximum Load Punch
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Fig. 28 Effects of initial gap on the force of the holder
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