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 Equal channel angular pressing (ECAP) is one of the most efficient techniques among severe plastic 
deformation (SPD) methods that enhance the mechanical properties of polycrystalline metals by 
refining subjected grains. In this article, equal channel multi angular pressing (ECMAP) process as one 
of the effective ECAP methods on production of ultra-fine grained (UFG) Al5754 strips is studied. 
Route C is considered as a multi pressing route and grey relational analysis is used as the optimization 
method. Geometrical parameters were taken as input variables and strain inhomogeneity index, 
equivalent plastic strain and required process load were taken as the objectives. The suggested tests by 
full  factorial  method  were  simulated  by  FEM.  Finite  element  simulations  were  done  by  ABAQUS  
commercial software and obtained results were validated by analytical methods and experimental tests. 
Then considering all input and output parameters, optimization was done and optimum values of input 
parameters were elicited. Also, the effectiveness of each parameter on the objective parameters was 
obtained. It is concluded that, among geometrical parameters of route C, die channel angle ( _2) and die 
corner angle ( _1) have the maximum and minimum effectiveness respectively.. 
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Fig 1 schematic of Die 
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Fig 2 Die geometrical parameters  
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Fig 3 Manufactured die components 
3  
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Table 1 Mechanical and physical properties of Al5754 strip 

 (E) ( ) ( ) 
 69 GPa 0.33 2690 kg/m3 

  

2 AL5754  
Table 2 Chemical composition of Al5754 strip  

Si Fe Cu Mn Mg Zn 
0.085 0.247 0.011 0.138 2.828 0.004 

Cr Ni Pb Sn Ti Al 
0.014 0.006 0.003 0.000 0.007 Bal 
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Fig 4 Deformed strips and equivalent plastic strain contour  
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Fig 5 Equivalent plastic strain values via FEM and theory 
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Fig 6 Hardness values for ECMAPed and annealed strips 

6 ECMAP  

 
Fig 7 Force-displacement curve obtained by FEM and experimental 
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Table 3 Input parameters, levels and output parameters 

 
  

 145 155 165   

 
 

 0 17.5 35 0 12.5 25 0 7.5 15 

 0 35 70 0 25 50 0 15 30 
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Table 4 Factorial experiments and FE simulation results for output 
parameters 

    
) 

 
 

1 

145 

0 0 25036.000 0.200 2.052 
2 0 35 22593.300 0.149 1.685 
3 0 70 23365.600 0.066 1.548 
4 17.5 0 24941.402 0.226 2.012 

5 17.5 35 22736.281 0.170 1.736 
6 17.5 70 10979.800 0.069 1.656 
7 35 0 25469.660 0.174 2.018 

8 35 35 22966.170 0.115 1.546 
9 35 70 22830.123 0.023 1.438 

10 

155 

0 0 19314.957 0.113 1.159 
11 0 25 17214.830 0.067 1.032 

12 0 50 18527.752 0.093 1.012 
13 12.5 0 17101.936 0.112 1.153 
14 12.5 25 17323.801 0.091 1.028 

15 12.5 50 18468.836 0.099 1.018 
16 25 0 17036.201 0.141 1.217 
17 25 25 17778.707 0.076 1.027 
18 25 50 18252.994 0.150 1.010 

19 

165 

0 0 8599.680 0.280 0.637 

20 0 15 8715.956 0.345 0.639 
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23 7.5 15 8411.938 0.358 0.634 
24 7.5 30 8660.020 0.363 0.647 

25 15 0 8383.226 0.292 0.633 
26 15 15 8586.690 0.327 0.636 
27 15 30 9154.454 0.398 0.637 
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Table 5 Grey relational coefficient for objective parameters, grey 
relational grade and simulation order 

 
 

 
 

   
1 0.340 0.365 1.000 0.568 13 
2 0.384 0.447 0.456 0.429 23 
3 0.369 0.704 0.378 0.484 19 
4 0.342 0.333 0.885 0.520 17 
5 0.381 0.409 0.493 0.428 24 
6 1.000 0.686 0.437 0.708 4 
7 0.333 0.403 0.899 0.545 14 
8 0.377 0.524 0.378 0.426 25 
9 0.379 1.000 0.333 0.571 12 
10 0.333 0.476 0.641 0.484 20 
11 0.864 1.000 0.359 0.741 2 
12 0.433 0.613 0.336 0.461 21 
13 0.945 0.481 0.616 0.681 6 
14 0.798 0.639 0.354 0.597 9 
15 0.443 0.562 0.342 0.449 22 
16 1.000 0.359 1.000 0.786 1 
17 0.605 0.824 0.353 0.594 10 
18 0.484 0.333 0.333 0.383 26 
19 0.640 1.000 0.429 0.690 5 
20 0.537 0.473 0.461 0.490 18 
21 0.481 0.342 0.798 0.540 15 
22 0.525 0.960 0.333 0.606 8 
23 0.931 0.431 0.356 0.572 11 
24 0.582 0.414 1.000 0.665 7 
25 1.000 0.829 0.336 0.722 3 
26 0.655 0.553 0.387 0.532 16 
27 0.333 0.333 0.424 0.364 27 

 
Fig 8 Graph of grey relational grade 
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Table 6 Grey relational grade for each level 

  

  
 

-  
1 2 3 

145  0.494 0.552 0.514 0.058 
 0.544 0.428 0.588 0.160 

155  0.562 0.576 0.588 0.026 
 0.650 0.644 0.431 0.219 

165  0.573 0.615 0.539 0.076 
 0.673 0.531 0.523 0.150 

1- Grey Relational Graph 
2- Parameter effectiveness in optimum condition 
3- Parameter effectiveness on each objectives 
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Table 7 Effectiveness of each parameter in optimum condition 
   

26.656  145 73.344  
10.694  155 89.306  
33.583  165 66.417  

8    
Table 8 Parameter effectiveness on each objective 
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