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The Design of the intermediate die of multi-pass drawing for Spline shaft
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Fig. 1 Die geometry for shaped drawing

Table 1 Process conditions for shaped drawing

Pass No. 1 2

Die angle (°) 7,10,13 8

Initial workpiece diameter (mm) 15 -

Reduction Area (%) 22,26, 30 -

Length of die land (mm) 5 8
Spline drawing speed (mm/s) 200 200
Friction factor (m) 0.1 0.1
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Table 2 Design variables and levels
Variable Level 1 Level 2 Level 3
a(®) 7 10 13
R.A(%) 22 26 30
Shape 1 3 6
Table 3 Lg(3%) orthogonal array
Simulation No. a(®) R.A(%) Shape
1 22 7 1
2 22 10 3
3 22 13 6
4 26 7 3
5 26 10 6
6 26 13 1
7 30 7 6
8 30 10 1
9 30 13 3
Shape 3 Shape 6 )

. Shape 1 )

Fig. 2 Shape of intermediate dies using electric analysis
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Fig. 3 Unfilling Area with different process variables and optimal design
with Artificial Neural Network
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Fig. 4 Results of strength analysis using ANN
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Fig. 5 Strength analysis with optimal design

Unfilling Area R.A (%) 23
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Fig. 6 Unfilling area with optimal design
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