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 Tube spinning or flow forming process is used for manufacturing of seamless tubes widely put into 
service in advanced industries. The ideal flow for materials entering the deformation zone in this 
process is extrusion-type flow in axial direction. Very localized deformation zone which is confined by 
outer materials and forming tools is a very important aspect of this process. Therefore, developments of 
defects during the deformation process with undesirable flow of materials can easily occur. The main 
reason of undesirable flow of materials is choosing inappropriate process parameters which results in 
the occurrence of various geometrical and dimensional defects. In this paper, the effects of process 
parameters on formation and growth of different defects and their correlations with material flow and 
forming forces in tube spinning of AA6061 were investigated by using design of experiment (DOE) 
method. The results of experiments show that by applying the optimized values of reduction and feed 
rate per revolution, these defects can be controlled. Also, by comparing the experimentally measured 
and theoretically calculated forming forces it can be shown that the larger the deviation of measured 
forces from calculated ones the more severe the formation of defects and undesirable materials flow 
becomes. 
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Fig. 1 Experimental tube spinning equipment 
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Table 1 Variant parameters and their levels in the experiments 

1 Skin fish 
2 Full factorial 
3 Build up  
4 Bulge 
5 Diameter growth  

 
    

1 2 3 
16.7 25 33 (%)  

  0.11 0.2 0.32 (mm/rev)  
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1 Plastic flow instability 

  
Fig. 2 Schematic presentation of defects: Build-up, Bulge and Diameter 
growth 
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Table 2 Build-up, deviation of final diameter and diameter growth in 
experiments 

    

  
(mm) 

  
(mm) 

  
(mm) 

F 
(mm/rev) 

R 
(%) 

0-0.05  0-0.1  ) ( ) 3(  0.11  16.7 
0-0.05 0-0.1   2(  0.2   
0-0.05 0-0.1  ) 1(  0.32   

0.05-0.1 0-0.1  )  )3(  0.11  25 
0.05-0.1 0-0.1    )2(  0.2   
0.05-0.1 0.1-0.15     )1(  0.32   

>0.1 0.1-0.15   ) )3(  0.11  33 
>0.1 0.1-0.15  )  )3(  0.2   
> 0.1 > 0.15  )  )3(  0.32   

 .

  
"4" 16.67% 

 . 0.11 
  .

0.32 
0.2  

 .

 .
  

  

 

Fig. 4 The effects of feed rate on materials escape and surface quality.  
Experiments conditions: roller angle 30 deg, roller diameter 80 mm,  
reduction 16.6%, and feed rate 0.11, 0.2, 0.32 mm/rev 

4  
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0.2 0.32   

 
 

Fig. 3 Build-up of materials in front of rollers results in plastic 
instability and materials removing. Experiments conditions: feed rate 
0.11 mm/rev, reduction (a) 33%, (b) 16.6% and (c) 33% to 16.6% 
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Fig.5 Interaction of process parameters on buildup   
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Fig.6 Typical measured forces and stable region: Experiment condition: 
feed rate 0.2 mm/rev, reduction 25% 
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Table 3 Process parameters in calculating the forces by Hayama’s 
equation 

F (m
m

/rev) 

t (m
m

) 

t/t0  

R=
1-t/t0  

R' 

t'0  

t/t'0  

A 

K
F  

0.11 2.5 0.83 0.17 0.14 2.91 0.86 -1.02 0.63 
 2.25 0.75 0.25 0.21 2.86 0.79 -1.02 0.99 
 2 0.67 0.33 0.28 2.79 0.72 -1.02 1.38 

0.2 2.5 0.83 0.17 0.14 2.91 0.86 -1.02 0.63 
 2.25 0.75 0.25 0.21 2.86 0.79 -1.02 0.99 
 2 0.67 0.33 0.28 2.79 0.72 -1.02 1.38 

0.32 2.5 0.83 0.17 0.14 2.91 0.86 -1.02 0.63 
 2.25 0.75 0.25 0.21 2.86 0.79 -1.02 0.99 
 2 0.67 0.33 0.28 2.79 0.72 -1.02 1.38 

4  
Table 4 Measured and calculated forces in different experiments 

 
  (N)  (N)  

 

FtC FaC FrC FtE FaE FrE R 
(%) 

F 
(mm/rev) 

17 1763 417 40 959 554 27 0.11 
25 2525 803 39 1498 865 42  
33 3146 1175 60 2090 1206 59  
17 2148 434 43 1293 747 49 0.2 
25 2975 802 48 2020 1166 77  
33 3881 1242 100 2818 1627 107  
17 2430 419 59 1636 945 79 0.32 
25 3417 823 80 2556 1475 123  
33 4677 1430 153 3564 2058 171  
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Fig. 7 Ratio of radial forces vs. thickness reduction in different feed 
rate 
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Fig. 8 Ratio of axial forces vs. thickness reduction in different feed rate 
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