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Evaluation methods for Void Closing Behavior in Large Ingot
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Abstract

This paper presents methods for analyzing the extent of cylindrical-shaped void closure. In addition, a quantitative
relationship between change in void fraction and height reduction ratio of a compressed specimen is proposed. The height
reduction ratio, number of deformation steps and billet rotation were chosen as key process parameters influencing the
void closing behavior, namely, the changes in void shape and size during hot open die forging of a large ingot. The extent
of void closure was analyzed from microscopic observations and estimated from tensile test results. The tensile strengths
of specimens with closed voids and those without were compared for various reduction ratios in height. The results
confirmed that void closure occurs at reduction ratios greater than 30 %. The void closing behavior could be expressed as
a hyperbolic tangent function of reduction ratio in height, number of paths, and billet rotation. The knowledge presented in
this paper could be helpful for optimizing deformation paths in open die forging processes.
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Fig. 1 Change of void shape with respect to rotation and path schedule of the specimens [6]
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Table 2 Comparison of tensile strengths with respect
to reductions ratio in height

Ho
Ein)

Reduction | Tensile strengths (MPa) |Relative ratio
ratio (%) |Without void| With void (%)
20 735.85 381.38 51.82
25 737.27 525.12 71.22
30 738.10 679.21 92.02
40 744.20 758.50 101.92
800 T 110
750 [ 100
700 o0
650 L 2
= 80 g
£ 6004 L5
= "3
S 550 -
5 : 60 2
& 500 Foo<
450 -50
400 4 —n—(A): .Sueng(h in reduction area without void | 40
0 —e— (B) : Strength in reduction area with void
(C) : Relative ratio of (B) to (A)

350 T T T T T 30
20 25 30 35 40

Reduction ratio in height (%)
Fig. 5 Comparison of tensile strengths between unclosed
and closed void
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Fig. 6 Relationship between change in void area and

reduction ratio in height

Table 3 Parameters of fitting curves of change in void

area
Void (%)
Parameter
10 8 6
a 735.85 381.38 51.82
b 737.27 525.12 71.22
c 738.10 679.21 92.02
d 744.20 758.50 101.92
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