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Prediction of Closing Internal Voids by Using Numerical Simulation
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A deformation analysis of the closing behavior of internal voids was conducted by a two-dimensional
finite element method (FEM) simulating voids in a steel ingot under compression. A comparison was
made between model experiments and analytical results, which confirmed the applicability of the
analysis to the behavior of internal voids. This analysis was used to study the relationship between the
reduction ratio and the void shape/void position. For a forging process, a model experiment and 3-D
FEM were performed to determine a ¢ value, an evaluation index of void closure. This value was used
to quantify the limit value at which the closure of internal voids begins. As a result, the voids were
found to close at a @ value of 0.21 or greater. In addition, an experiment was carried out using a 30
tonne ingot, and the UT inspection results and calculated @ values were compared. It was found that

the void closure occurs at a € value of 0.6 or greater.
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Fig. 1 Analytical model
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Fig. 2 Relationship between reduction ratio and void shape (d/d,and
h/hg) for analytical results and experimental results
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Table 1 Analytical model (Ingot shape Hy/D,=1.5)
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Fig. 4 Effect of void shape and position on the relation between
reduction ratio and void area ratio (S/S)
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Table 2 Experimental conditions
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Table 4 Target size for each pass
(1) W=800mm flat die

Before forging | After forging
Pass No Ho | Wo| H' W
1 Ingot 1115(1282-1731
2 1282-1731|1115|1120(1189-1398
3 1189-1398(|1120|1120( 1134
4 1134 |1120(1090( 1137
5 1137 |1090]1100] 1115
6 1115 |1100({1110( 1106
7 1106 |1110| 854 1218
8 1218 | 854 | 949 934
(2) W=500mm flat die
Before forging After forging
Pass No Ho N Wo | 1 W
1 Ingot 1115[1285-1657
2 1285-1657|1115[1128|1146-1280
3 1146-1280|1128/1120] 1120
4 1120 [1120]1090| 1132
5 1132 |1090{1100f 1103
6 1103 |1100{1100| 1103
7 1103  [1100] 854 1155
8 1155 | 854 | 949 914
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Table 5 Example of forging process design

Pass Schedule . =
Pass Forging W=500 mm W=500 Forging Pass Schedule W=800
No ratio S |Cross section| Dimension Q ratio S |Cross section| Dimension Q
0 1.0 1525 Dia. 0 1.0 1525 Dia 0
1 . 1115%1657 0.07 - . 1115%1731 0.15
I -
2 1.3 . 11281280 0.06 1.2 s 1120x1398 0.20
- -
)]
3 15 . 10901137 0.06 1.4 L= } 11201134 0.29
. -
I
a| 15 | Ml |reoc|  ooe 15 n 1000x1187| 031
i
5 15 . 1090=1132 0.06 1.5 n 1100%1115 0.34
6| 15 . 1100<1103|  0.06 15 | - 11101106 0.34
7| 19 | )Ml |ssaxt1ss| 048 18 | [l | ssexi2ie 0.52
8 | 21 | JW| | easxora 0.18 21 | [E] | seoeese 0.62
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