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Abstract
In order to predict the internal void closing behavior in open die forging process, multiple scale modeling has been
developed and applied. The huge size difference between ingot and inner void makes it almost impossible to
simultaneously model the actual loading conditions and the void shape. Multiple scale modeling is designed to integrate
macro- and micro- models effectively and efficiently. The void closing behavior was simulated at 39 different locations in
a large ingot during upsetting and cogging. The correlation between the closing behavior and variables such as effective
plastic strain and maximum compressive strain was studied in order to find an efficient measure for predicting the

soundness of the forging.
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(a)macro model (b)micro model
Fig. 1 Hlustration of multiple-scale process
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Fig. 2 Concept of brick element with 20 nodes
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Fig. 3 Dimension of macro model and location of
voids

Table 1 Simulation condition of multiple scale model

Macro model
Initial temperature 1250C
Ingot size(mm) 2600x1600
Die movement(mm/sec) 20
Friction Shear 0.3
Upsetting ratio 46%
Material AISI-1045
Micro model
Model size(mm) 15%x15x15
\oid diameter(mm) 5
Shape of void Sphere

Number of point tracking point 20

Z 15

15

Fig. 4 Dimension of initial micro model(void diameter :
5mm)
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Fig. 5 Void evolution during open die forging
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Fig. 6 Definition of void closing ratio (vcr)
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Fig. 7 Comparison of void closure ratio with respect
to void position after upsetting and cogging
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Fig. 8 Comparison of void closure with various state
variable(stress unit: MPa)
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