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Finite Element Analysis for Multi-stage Forging Process Design of Bolt with
Nonaxisymmetric Washer Cam

Kwan-Woo Kim#* - Yi-Tae Kim#* + Wan-Jong Kim** - Hae-Yong Cho?t

Abstract © Process design of multi-stage forging for a bolt with nonaxisymmetric washer
cam has been studied by using finite element method. For shape complexity of the bolt,
1t 1s impossible to manufacture in a single stage forging. To design multi-stage forging
for the bolt the forging load and fiber flow of each step have been analyzed by using
commercial finite element code DEFORM-3D. Simulated results have been compared
with experimental ones.

Multi-stage forging process has been designed with four stages. The workpiece should
be eccentric shape until third forging stage. And then bolt head and washer of
eccentrical shape is created in last stage. As a results, It was predicted that shape of
product would be good and effective strain would be uniformly distributed in the

product. Also, it was predicted whether defects would exist or not by reviewing the fiber
flow.
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Forging process analysis
— 18 step —
Input ¢ Boundary condition
DEFORM-3D . . .
Warkpiece material properties
Solve Environment : punch speed,
Results stroke, etc,
] - DEFORM-3D result file {date base file)
— 27step — M Workpiece strain, stress, work hardening.
Solve T -
Results R
| Die strength analvsis g
Ll
DEFORM-3D Mesh generatingﬁx
Solve : *
AMSYS-Import . L7
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Results - FE madel
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_ Atgep e
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Solve Solve
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Results _ Results

Fig. 1 Analysis procedure for designing forging
process and die
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(a) Billet (¢) Second stage

(b) First stage

(d) Third stage (e) Fourth stage

Fig. 3 Schematic description of a multi-stage forging
process
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Table 1 Process conditions of FE analysis

Young's  Yield Possio Flow
Material modulus strength n's stress
(MPa) (MPa) ration (MPa)
AISI4140 211,000 415 0.29 8602439
WC(GT7) 480,000 3,100 0.23 -
H-13 210,000 1520 0.3 -
Simulation mode [sothermal
, Shear friction factor 0.08
Forging ,
condition Velocity of punch 600
down(mm/s)
Number of element 45,000
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Fig. 5 Boundary conditions of structural analysis for
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Fig. 11 Metal flow of finisher
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Simulation
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