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A Study on Cross Sectional Shape Design of Intermediate Pass in
the Multi-Stage Shape Drawing
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(Received January 19, 2009)

Abstract

The multi-stage shape drawing is used to obtain long shaped products with high levels of dimensional accuracy and
quality. It is important to design the cross sectional shapes of the intermediate passes to meet the required dimensional
accuracy of the final product in the multi-stage shape drawing. Until now, the cross sectional shapes of the intermediate
passes have been designed by the experiences. It is still remained unsolved problem to design the cross sectional shapes of
intermediate pass drawing dies in the multi-pass shape drawing. In this study, a new technique is proposed to design the
cross sectional shapes of intermediate passes. The proposed method is applied to a multi-stage shape drawing for a LM-
guide which is one of the representative shape drawing products. In order to verify the effectiveness of the proposed
method, FE-simulation and experiments have been carried out. The dimensional accuracy of the proposed method is
compared with that of the conventional shape drawing process designed by the industrial engineers.
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(a) Linear motion guide
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(b) Dimension of final product
Fig. 1 Photo of linear motion guide
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Dia. of minimum circle : 34.5mm
Dia. of Initial material : 38.5mm

Final shape

Fig. 2 Initial and final shape of linear motion guide
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<Section A-A>  <Section B-B>

(b) Cutting virtual drawing
Fig. 3 Virtual drawing die of linear motion guide

Table 1 Reduction of area at each pass by virtual

drawing die
Pass number 1 2 3 Total
R.A(%) 14.81 17.70 23.36 46.27
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Fig. 4 Transformed final shape using scale factor
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Cutting cross section
by virtual drawing die

Intermediate cross section by Transformed cross section
combination of two section by scale factor

(a) 1% pass

LK K

Cutting cross section
by virtual drawing die

Intermediate cross section by Transformed cross section
combination of two section by scale factor

(b) 2™ pass
Fig. 5 Intermediate die shapes for each pass
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Design using virtual drawing
die method

— — — Industrial design

Initial material

Final product

Fig. 6 Comparison of the die shapes between virtual
drawing die method and industrial design
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(a) Virtual drawing die (b) Industrial design
Fig. 7 Comparison of die shape between two methods
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Fig. 8 FE-simulation for linear motion guide (a) Virtual drawing die (b) Industrial design

Fig.10 Distribution of velocity(mm/s) for two method

Table 2 Comparison the result of FE-simulation for
design method

Case RA.(%) U.R.(%
lpass | 2pass | 3pass | (%)
L pass 2" pass 3 pass Virtual drawing
(a) Virtual drawing die die 1481 | 17.70 | 23.36 0.356
Industrial
design 20.60 | 15.98 | 19.46 | 0.426
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