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Evaluation Formula for Void Closure in Large Forged Steel Products
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Synopsis

Japan Steel Works M&E, Inc. uses the large ingots up to 670 ton to manufacture the large forgings by the free forging
method. However, the large ingots contain many internal voids that are generated during the ingot making process.
Therefore, for sound internal quality of the products, the forging process is required not only to shape the products, but
also to eliminate the voids completely. Generally, the possibility of closure is determined using an evaluation equation based
on the stress and strain calculated by elastic-plastic analysis because the closure of the internal void cannot be confirmed
during forging. However, the conventional evaluation formula, which has been represented as the hydrostatic stress ratio
integral Gm, adopts the equivalent plastic strain &, which cannot describe the directionality of free forging, the pressing
direction of which changes intricately, causing an uncertainty of void closure prediction. In this study, the evaluation
formula for void closure that factors in the influence of the pressing direction was examined, assessing its validity through
the forging tests with an actual ingot.
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Fig. 1 Schematic illustration of dies and test pieces
of the forging test
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Fig. 2 Forging test apparatus
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Fig. 3 Mesh model of material with a hole (1/8 model)

£=10"s"! £ =103s"!

7= 800°C

T= 900°C
| 7=1000°C
T=1100°C
7=1250°C

Flow Stress, o (MPa)

038 1.0 12 1.4

Equivalent Plastic Strain, &,

Fig. 4 Flow stresses of NiCrMoV steel
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Fig. 5 Area reduction rate of the hole after each pass
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Fig. 6 Schematic diagram of forging test considering air
cooling

Table 1 The shape of the hole after each pass
Flat-Die V-Die
Pass
Experiment 25mm Analysis | mm Experiment 25mm Analysis  |mm
Ist pass
2nd pass|
3rd pass
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4th pass
L NN
S
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Table 2 Forging test conditions considering air cooling

Condition 1

Pre-Cooling
5 min

Condition 2

Pre-Cooling
5 min

Condition 3

Pre-Cooling
10 min

Condition 4

Pre-Cooling
10 min

35mm|jl>

Ve

Fig. 7 Mesh model of forging test considering air cooling

Test Piece
Die (elastic-plastic body)
(rigid body)

(1/4 model)

M Experiment
B Analysis

Condition

Fig. 8 Area reduction rate of the hole for each condition
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Table 3 Hole shape for each condition

Condition Experiment

Condition 1

Pre-Cooling
5 min

Condition 2

Pre-Cooling

5 min

Condition 3

Pre-Cooling
10 min

Condition 4

Pre-Cooling
10 min
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Table 4 Numerical experiment conditions

(1) 1Pass
P
ass (2) Multi-Pass
. (1) Flat-Die
D
e ) voDie
S To i (1) Uniform heat
distribution (2) Pre-cooling
(= a cooling for 1hr)
1
Void position E 2; Z
(shown in Fig. 10) G)c

BASEATFRIR No.74 (2023.11)



KA G- BT SR RREASHEP M DIRES

AT O 280 & Lz, Z2BAIE I Fig. 10 107R T a, b,
c»3MY & L5 BIBMMNT OFSIX Fig 11I1IRT
%R a b, c R D A Y Y AET VTR, ZER
MEOIETTB L OBEEOTAZET 5720, BROR
WHIEE T T DI 21T o 720 F72, 2EBRH A
2RI DL D ¢20 mm & L7z, F FEMHEIX Fig
121TRT X9 1232 H 720 OFETF &2 FE&HA 150
mm/78 A, VA& TIZ100 mm/ /S A & L, BRAELE
PHSHS % T a Jilal— y A= x Jilf] -~ R & 4 ) 3k
L7ze Thbb, HESATIEy HN, HBESZXTIEy
HINET U7z F720 BBMVERRAT OB R BRI AR
Bz 228 L MMk E Lz,

Surface temp. : 765°C
Temperature (°C)

1,200
1,100
1,000
900
800
700
600 ¥~
500

Air-cooling 1hr
Center of the axis temp. : 1,174°C

Fig. 9 Temperature distribution after pre-cooling

Unit : mm @ void
‘c
| o vy
500
750
$1,000 | 1,500

Fig. 10 Void position in numerical experiments
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Fig. 11 Mesh model of numerical experiments (1/4 model)
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Repeat until the void is completely closed.
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Fig. 12 Forging procedures for numerical experiments
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Fig. 13 Void closure behavior of numerical experiments
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Fig. 14 Relationship between the reduction of void volume
and integral of hydrostatic stress
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The circled numbers mean the orders of forging passes.
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Fig. 15 Relationship between the reduction of void volume
and plastic strain in x-direction
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Fig. 16 Relationship between the reduction of void volume
and predicted reduction of void volume
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Fig. 17 Actual ingot for forging test with an actual ingot
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Fig. 22 Comparison between the result of the forging test
and predicted reduction of void volume
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