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Optimization of Process Variables of Shape Drawing for Steering
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Abstract

In the multi-pass shape drawing process, the appropriate process design is very important to produce sound products.
The reduction ratio, die angle, and the intermediate die shape are very important process variable of the multi-pass shape
drawing. The aim of this study is the determination of the reduction ratio, die angle, and the intermediate die shape of the
2 pass shape drawing process for producing steering spline shaft. In this study, FE analysis, Taguchi method, and
ANN(artificial neural network) were applied to determine the appropriate reduction ratio, die angle, and intermediate die
shape. After the determination of the process variables, FE analysis and drawing experiment were performed to evaluate
the effectiveness of the determined process variables. The dimensional accuracy of the final drawn spline shaft was
evaluated by using 3D surface profiler and 3D laser digitizing system.
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Fig. 1 Steering spline shaft
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Fig. 2 Shape and dimension of steering spline shaft
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Fig. 3 Determination of the 1% pass die shape
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Fig. 4 Result of electric field analysis
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Table 1 Design variables and range

Variables Range
R, : Reduction ratio (%) 20.0~24.0
a; : 1st die angle (°) 14.0~22.0
S': No. of 1st pass shape 1,2,3
a; : 2nd die angle (°) 14.0~22.0

Table 2 Orthogonal array table

Trial No. R; o S a;
1 20 14 1 14
2 20 18 3 18
3 20 22 6 22
4 22 14 3 22
5 22 18 6 14
6 22 22 1 18
7 24 14 6 18
8 24 18 1 22
9 24 22 3 14
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Fig. 6 FE analysis of shape drawing process

Table 3 Unfilled area(mm?) after FE analysis

Trial No. UA Trial No. UA
1 2.464 6 3.268
2 2.086 7 4.800
3 1.949 8 3.253
4 2.896 9 5.331
5 3.264
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Fig. 9 Initial model for strength analysis of die

Table 4 Maximum Mises stress(MPa) on the 2nd die
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Fig.10 Impact of design variables on the maximum
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Table 5 Drawing load of FE analysis and experiment

Case 1st pass 2nd pass
FE analysis 20.7ton 12.9ton
Experiment 21.3ton 13.4ton
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