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Process Design in Multi-stage Forming of
an Automobile Component
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Abstract

This study aims detecting defects for the forming processes of X2 spline, which is
designed by an industry expert. The exist process consists of 3 runs and 7
operations with 3 heat treatments. The rigid-plastic FEM analysis was carried out to
design a new process and some defecs were found. Thus the design was modified to
get better results. It is confirmed that the industry expert agree the possibility of
defects derived from the FEM results
Key Words : X2 Spline, forward extrusion, backward extrusion, upsetting , piercing,

sizing, remesh,
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g = 30.28(1+6-065—03— y0-3772 (kgf/mmz)
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o714, L : length of work—piece
r . radius of work-piece
E. : tangent modulus of material
0. tensile strength of material

olm L=4236 mm, r=11.1 mmol™ &=0.2 Y9u E=836 kgf/mm?, 6.,=555 kgf/mm’Z
Uelgonz 14 7+ g9 ge ofdfe} #oh
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- E.
T = 3.816 <

Og

= 3.857
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Fig. 1 Schematic description of the existing forming sequence processes for forming of X2

spline
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Fig. 2 Complete component from
the existing forming processes
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(a) FWD extrusion (b) upsetting
Fig. 3 Sectional configurations and dimensions of dies for X2 spline
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(a) initial (b) 60% stroke (c) complete

Fig. 4 Loading simulation for the forward extrusion operation according to the 1st new

process design
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Fig. 5 Distribution of effective strain after .

the forward extrusion operation (a) initial

(b) 70% stroke (c) complete

Fig. 6 Loading simulation for the upsetting operation
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Fig. 7 Distribution of ftffective s.train // 7 gy

after the upsetting operation o // 7 /—R3
7,
Fig. 8 New shape of dies for the forward extrusion

operation according to the Znd process design 1 19
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(c) complete

(b) 50% stroke

Fig. 9 Loading simulation for the forward extrusion operation according to the 2nd new

(a) initial

process design

(b) 30% stroke

(a) initial

Fig. 10 Loading simulation for the upsetting operation

according to the 2nd new process design
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