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 In this paper, the effect of extrusion die profile on the dimensional tolerance of a cross section of a part 
in a forward extrusion process was studied. In these experimental and numerical investigations, some 
parameters such as extrusion speed, metal flow, extrusion temperature and extrusion force were 
considered as process variables. The specimen was aluminium alloy 2014 with a variable wall 
thickness. The variable wall thickness causes the metal flow rate to be changed along the die orifice. As 
a result, the die which is used to produce this part must be suitable to control the flow rate of metal. In 
this study, two different dies were used to produce this part. In the first die, to control the metal flow, 
variable bearing length method is used. In the second die, in addition to the bearing length method, a 
feeder is used in the narrow channels. From the experimental and numerical results, it was found that 
the first die is not good enough for manufacturing of this part. Because, the first die was not able to 
control uniform metal flow rate through the die orifice during the extrusion process. This drawback 
causes the die cavity to remain empty at the sharp corners which results in a low quality and low 
dimensional accuracy in the product, especially in narrow channels. The numerical analysis results have 
shown that, the second die performance was much better than the first one. It was able to control 
uniform metal flow rate which causes high quality products. 
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Fig.1 Cross section and dimensions of the die cavity 
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Fig. 2 Front view of the die with variable bearing length 

2  

  
Fig. 3 Bearing length in different sections of the first die 
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Fig. 4 Top view of the die with feeder in thinner sections and variable 
bearing length 
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Fig. 5 Bearing length in different sections of the second die 
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Fig.  6 A schematic illustration of the entire extrusion process system 
with mesh 
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Table 1 The process parameters used in the experimental and 
numerical analysis 
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 2 (mm sec) 
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 600 (mm) 
 178 (mm) 

 0.4 - 
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Table 2 The physical properties of the workpiece and tools 

 AA2014 
H13 
Tool 
steel  

[N/(mm )] 2.43  5.6 

[N/(sec )] 180.2 28.4 
 

 [N/(sec mm )] 11  11 

 
 /[N/(sec mm )] 0.02 0.02 

1 Geometry 
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Fig. 7 The section in the product using first die 
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Fig. 8 The section in the product  using second die 
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Fig. 9 Dimensions of the product obtained by first die 
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Table 3 Comparison of the results obtained from two parts profile 
along the crown length 

 

  

  
)D1( 
)mm( 

  
  

)D2(  
)mm( 

 )D1(  
)mm( 

 )D2(  
)mm( 

  
)mm( 

1 39.31 41.95 4.04 1.14 43.35 
2 39.19 42.23 4.16 1.12 43.35 
3  38.28 42 5.07 1.35 43.35 
4 38.68 41.75 4.67 1.60 43.35 
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Fig. 10 Dimensions of the product obtained by second die 
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Fig. 11 A view of the section created in part by using first die 
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Table 4 Comparison of the range of dimensional changes in the product obtained by using two dies with experimental results and the engineering 
drawing of product 

  
   
  

 
)mm( 

   
   

   
)  

)mm( 

   
   

   
 )  

)mm( 

   
   
   

)  
)mm( 

  
 

40 (39.6 , 41) (41.49 , 42.71) (38.24 , 40.13) 1-  
2-  9.5 (9.4 , 9.5) (9.97, 10.81) (9.74 , 10.82) 

15.5 (15.1 , 15.4) (16.19 , 16.94) (15.88 , 16.86) 3-   

41 
74 

(41.1 , 41.15) 
(75.1 , 75.15) 

(41.10 , 42.02) 
(75.89 , 76.63) 

(40.97 , 41.92) 
(75.24 , 76.05) 

4-   
5-  

 
Fig. 12 The cracks created in crown part produced by using first die 
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Fig. 13 A view of the contact surface of the billet with first die 
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Fig. 14 A view of the contact surface of the billet with second die 
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Fig. 15 Chart speed changes in three points of the produced part by 
using first die 
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Fig. 16 Chart speed changes in three points of the produced part by 
using second die 
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Fig. 17 Chart metal flow at different points in the first die 
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Fig. 18 Funnel formed at the end of the billet due to the lack of uniform 
metal flow rate 
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Fig. 19 Chart metal flow at different points in the second die 

19  

   

4-4 -  

 .

) 1 .  (

1 Solidus Point 



    

      

13951610  291  

 .
1  ]14,13[ .

 .

]1[ .
480 490  .20 21 

 .
 .

 .
 .

 .

  .  
 

 
Fig. 20 Temperature changes at three points on the produced part by 
using first die 
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Fig. 21 Temperature changes at three points on the produced part by 
using second die 
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Fig. 22 Force-displacement curve for direct extrusion process (using 
first die)  
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Fig. 23 Force-displacement curve for direct extrusion process (using 
second die)  
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