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 In this paper, the constrained groove pressing (CGP) process of Al 5052 sheets are experimentally and 
numerically studied. The CGP process produces the micro-grained-size sheets to enriched strength 
nano-grained-size ones. The goal of this investigation is the development of an algorithm for the 
mechanical behavior (Strength and Hardness) prediction of the sheets fabricated by the process. The 
algorithm enables one to evaluate the die geometry and pressing pass definition effects on mechanical 
behavior of the fabricated sheet. The proposed algorithm is based on the available relation in literature 
between the macroscopic behavior and the grain size in metal sheets and between the hardness and the 
strength properties of metal sheets. The Al 5052 samples are fabricated by two passes of the CGP 
process. The yield strength and the Vickers hardness of the annealed, the one and two pass CGPed 
samples are experimentally obtained. The predicted results by the developed algorithm are in good 
agreement with the experimental data. The comparison of the predicted results by the algorithm with 
available experimental data for the mechanical behavior of the CGPed pure aluminum sheets with 
different dies reveals the good accuracy of the proposed algorithm. The algorithm enables one to 
economically save from the time-consuming experimental evaluation of groove geometry effects on the 
fabricated sheets and optimum die selection. The effects of the die groove angle on the yield strength 
and the hardness of the CGPed Al 5052 sheets are estimated using the developed algorithm. 
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Fig. 1 The geometry of the grooved and flattened die sections 
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Table 1 Assumptions on the CGP process simulation 
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Fig. 2 The grooved die  
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Fig. 3 The flattened die  
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Fig. 4 The Annealed Al 5052 sheet 
4 Al 5052   
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Fig. 5 The Al 5052 sheet fabricated by one pass of CGP 
5 Al 5052   

 

Fig. 6 The Al 5052 sheet fabricated by two passes of CGP 
6 Al 5052   
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Fig. 7 The algorithm for prediction of die geometry effects on strength 
behavior of  the sheets fabricated by groove pressing process 
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5- Stress-Strain Curve for CGPed Specimen 
(Fabricated by the Known Die Geometry) 

subjected to Tension test 

6- Yield stress and Ultimate Stress 
Determination of CGPed Specimen 

(Fabricated by the Arbitrary Die Geometry) 
Using Equations (8) and (9) 

3- Stress-Strain Curve for  Annealed 
Specimen Subjected to Upsetting Test 

4- Hardness Determination of the CGPed 
Specimen (Fabricated by the Arbitrary Die 

Geometry) Using Equation (5)  

1- Stress-Strain Curve for  Annealed 
Specimen Subjected to Tension Test 

2- Simulation of the CGP Process with 
Arbitrary Die Geometry and Process 

Definition 
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Table 2 The specimen and die parameters for studies of the CGP 
process 
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Fig. 8 Effective strain distribution in Al 5052 sheet subjected to one 
pass of CGP process 

8 Al 5052   

 

Fig. 9 Effective strain distribution in Al 5052 sheet subjected to two 
passes of CGP process 

9 Al 5052   

 

Fig. 10 The ultimate strength of Al 5052 sheets annealed and fabricated 
by CGP process 

10  Al 5052  
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Fig. 11 The elongation of Al 5052 sheets annealed and  fabricated by 
CGP process 

11 Al 5052   
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Fig. 12 The Vickers hardness distribution in Al 5052 sheets annealed 
and fabricated by CGP process 

12 Al 5052 
  

 

Fig. 13 The inhomogeneity factor of Al 5052 sheets annealed and 
fabricated by CGP process 
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Table 3 The comparison of the CGPed pure aluminum Vickers 
hardness obtained by [16] and predicted by proposed algorithm  

3  2  1   / 
40.5 40 37 (kg/mm2)[16] 
43.3 40.6 36.5 (kg/mm2) 
6.9 1.5 -1.35 ) %( 

4     
]16 [   

Table 4 The comparison of the CGPed pure aluminum Yield stress 
obtained by [16] and predicted by proposed algorithm 

3  2  1   / 
105 97 85  (MPa)[16] 
100 94 84 (MPa) 
-4.8 -3.1 -1.18 ) %( 

5 Al 5052   
   

Table 5 The comparison of the CGPed Al 5052 sheet Vickers hardness 
obtained by experiment and predicted by proposed algorithm  

2  1   / 
72.5 68.7 (kg/mm2) 
71.5 70.2 (kg/mm2) 
-1.4 2.2 ) %( 

6 Al5052  
 

Table 6 The comparison of the Al 5052 Yield stress hardness of 
obtained by experiment and proposed algorithm 

2  1   /  
167 160   (MPa) 

164.4 161.65 (MPa) 
-1.5 1.03 ) %( 

7   [2]   
Table 7 The comparison of the Vickers hardness obtained by [2] and 
proposed algorithm  

2  1   /  
100.5 85   (kg/mm2)[2] 
94.9 83.2 (kg/mm2) 
5.1 -1.35 ) %( 

8  [2]  
Table 8 The comparison of the Yield stress hardness obtained by [2] 
and proposed algorithm  

2  1   / 
97 85 (MPa)[2] 
94 84 (MPa) 

-3.1 -1.18 ) %( 

 

Fig. 14 The effect of groove angle on yield stress of Al 5052 sheet 
fabricated by one pass of CGP process 
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Fig. 15 The effect of groove angle on Vickers hardness distribution in 
Al 5052 sheet fabricated by one pass of CGP process 

15 Al 5052 
  

 

Fig. 16 The effect of groove angle on Vickers hardness of Al 5052 
sheet fabricated by one pass of CGP process 

16 Al 5052  
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