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Process Design of Multi-Stage Shape Drawing Process for Cross Roller Guide
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In the multi-stage shape drawing process, the most important aspect for the economy is the
correct design of the various drawing stage. For most of the products commonly available round
or square materials can be used as initial material. However, special products should be pre-
rolled. This study proposes a process design method of multi-stage shape drawing process for
producing cross roller guide. Firstly, a standard classification of shape drawing process is
suggested based on the requirement of pre-rolling process. And a design method is proposed fo
design the intermediate die shape. The process design method is applied to design the multi-
stage shape drawing process for producing cross roller guide. Finally, the effectiveness of the
proposed design method is verified by FE-analysis and shape drawing experiment.
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A = Cross sectional area of the product

P = Perimeter of the final product

r = reduction in area

RR = radius ratio

Rpnax = radius of circumcircle of the final product
Ry = radius of inscribed circle of the final product
SF = shape factor

SM = scale modulus

UR = unfilling rate
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Fig. 1 A geometrical example of the calculation for
radius ratio
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(a) Products from square or round material
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(b) Products requiring a pre-rolled material
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Fig. 2 Samples of shape drawn products
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Fig. 3 Flowchart for classification of shape drawing
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Fig. 4 Initial material size considering the final shape
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Fig. 5 Virtual die constructed by initial and final shape
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Fig. 6 Shape and dimension of cross roller guide
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Fig. 8 Magnification of the final shape by SF
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(a) First virtual die (b) Second virtual die
Fig. 9 Divided sections of virtual dies
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Fig. 10 Comparison of the designed section
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Fig. 11 FE-analysis of shape drawing process
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Fig. 12 Distribution of effective strain
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Table 1 Unfilling rate of FE-analysis

Design Virtual die design | Industrial design

method 1 pass 2pass | 1 pass | 2 pass
Reduction(%) | 23.17 | 25.13 | 22.68 | 24.26

UR(%) 1.455 1.765
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Fig. 13 Shape drawing experiment
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(a) Virtual die design
Fig. 14 Final products

(b) Industrial design

(a) Virtual die design

(b) Industrial design
Fig. 15 Cross section of the final products

Table 2 Comparison of drawing load and unfilling rate

Design Virtual die design Industrial design

method FEM Exp. FEM Exp.
Load | Ipass| 31.51 32.71 31.93 32.95
(ton) | 2pass| 26.76 28.04 26.65 27.79

UR(%) 1.455 0.421 1.765 0.483
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