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FE Analysis for the Prediction of Void Closure on the Free
Forging Process of a Large Rotor
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(Received November 14, 2006)

Abstract

Voids in a large rotor are formed in solidification process of a cast ingot. The voids have to be eliminated from the
rotor by a forming process, because they would becé)me stress-intensity factors which suddenly fracture the rotor in the
operation. Previous studies on void-elimination of a large rotor have mainly focused on finding the process variables
affecting the void-closure. But the study on the amount of void closure in a large rotor has been very rare. This study was
performed to obtain an equation which predicts the amount of void-closure in a forging process of a large rotor and to
evaluate the availability of the void-closure equation through finite element analyses. Firstly, 2D FE analysis was carried
out to find effects of time integral of hydrostatic stress and effective strain on void volume rate of a large rotor in the

upsetting process for various diameters and shapes of void, and material temperature. From the 2D FE analysis, we found
that effective strain was suitable for predicting the void-closure of a large rotor, because there was a constant relationship
between void volume rate and effective strain. And a void-closure equation was proposed for predicting void-closure of a
large rotor in the upsetting process. Finally, from the 3D FE analysis, the proposed void-closure equation was verified to

be useful for upsetting and cogging processes.
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Table 1 Process conditions used in simple upsetting

Material Pure lead

Initial temperature(C) 20

Ingot shape(mm) 3 119.5xL 179.2
Die shape Ring die
Upsetting velocity(mm/s) | 5.0

Friction coefficient 0.4

Upsetting stroke(mm) 92.1
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(a) Experiment (b) FE analysis

Fig. 1 The deformed shapes of ingot in the experiment

and FE analysis
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Fig. 2 Comparison of the vertical heights of voids

void number

between experiments and FE analyses
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Fig. 3 A general process flow to manufacture the
large rotor using steel ingot

Table 2 Process conditions used in 2D FE analysis
for the upsetting process

3.5%NiCrMoV steel
1,250C

Body : @ 2,200%L 4,500
Holder : @ 1,300xL 1,800

Upset velocity(mn/s) 5.0

Material

Initial temperature

Ingot shape

Friction factor 0.4
Void diameter(mm) 20.0
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time integral of mean stress

and void volume rate in upsetting process

Fig. 4 The applied model in 2D FE analysis for the

Fig. 5 Relation between time integral of mean stress

100 %3,
"*t;- x“.
80 P
.
X
60 T ..
40 1 .
s
20 T %
*x
0 + t + +
0 0.1 0.2 0.3 0.4 0.5

effective strain

volume rate in upsetting process

0.6

Fig. 6 Relation between effective strain and void
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Fig. 7 Comparison of the relation between effective
strain and void volume rate according to the
variation of void diameter
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Fig. 8 Comparison of the relation between effective

strain and void volume rate according to the
variation of aspect ratio of voids
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Fig. 9 Comparison of the relation between effective

strain and void volume rate according to the

variation of material temperature
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(a) 3D geometry (b) centered void (c) offset void
Fig.10 Applied model in 3D FE analysis for the
upsetting process
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Fig.11 Comparison of the relation between effective
strain and void volume rate according to the
horizontal location of void

Table 3 Process conditions used in the 3D FE analysis
for the cogging process

Body : ©2,200x L4,500

Flat Die 1,400%2,500

Cogging speed(mm/s) 5.0

400.0(72.7%)

Temperature of material | 1250°C

Ingot shape

Die shape

Cogging stroke(mm)

Fig.12 FE model used in 3D analysis for the cogging
process
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