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Die Design in Mandrel Drawing by using Backward Tracing Scheme:
A Case for Hollow Linear Motion Guide Rail
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Abstract
In this paper, a design method for an intermediate die was developed to manufacture a hollow linear motion guide rail in
mandrel drawing process based on virtual die method and backward tracing scheme. FE simulations and mandrel drawing
experiments using Mn55Cr carbon steel were performed to prove the effectiveness of the proposed design method. Results
of FE simulations and experiments showed that the proposed design method could lead to drawn products with sound shape

and the highest dimensional precision.
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Fig. 4 FE analysis of pre-drawing process (Step. 1 & 2)

1. Pre-intermediate die shape

Final shape 1

Fig. 5 lllustration of velocity discontinuity in 2" pass
mandrel drawing (Step. 3)

Boundary conditions for Determination of
backward tracing intermediate die shape

Forward FE analysis

Fig. 6 Illustration of backward tracing scheme (Step. 4)
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(b) Comparison of deformed section
Fig. 8 FE analysis results of 2" pass mandrel drawing

Pre-intermediate die shape

T (£=1.20)
Backward location = (tioia = 0.223s)
n
Y Fr N
O Enhanced

backward location (tenhanced. = 0.134s)

Final shape

Fig. 9 Enhanced backward tracing scheme for 2™ pass
mandrel drawing
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(b) Comparison of deformed section
Fig.10 FE analysis results of redesigned 2" pass
mandrel drawing
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(c) 2" pass mandrel
Fig.11 Photograph of shape drawing dies and mandrel

LTI LR

Machine capacity : 100ton
Drawing speed : 4m/min

Fig.12 Mandrel drawing experiment

i
1* pass tube sinking

2" pass mandrel drawing

Fig.13 Cross section of drawn product

Table 1 Comparison of measured thickness

FEA (mm) Experiment (mm) Error (%)

t1:3.93 tl’ =3.85 2.04

t2:4.86 tz’ =4.35 10.49

t3:3.87 tg’ =3.65 5.68

t4:4.38 td’ =4.06 7.31

t5:3.90 ts’ =3.63 6.92

t6:2.59 te’ =2.56 1.16

t7:4.24 t7’ =4.20 0.94

t8:2.73 ta’ =2.80 -2.56

t9:3.84 tg’ =3.61 5.99

t10:2.58 tlo’ =2.54 1.55
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