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Prevention of the center defects in free-forged tool steel bars
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Tomonori Kanai , Morihiko Nakasaki, Ichiro Takasu, Naoya Ishibashi, Syunnsuke Miyamoto

Synopsis: Center defects in free-forged tool steel bars could be attributed to remaining porosities due to insufficient reduction
by forging or overheating during forging. In this report, cause of the center defect was investigated by CAE
analysis. It was found that the cause of defect in "SKD11" tool steel was overheating.

The combination of heating time reduction and application of a narrow anvil was an effective counter measure,
where the center defect in the forged bars of "SKD11" decreased substantially.
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Fig.2 Micrographs of center defects ; (a) remaining porosity after free-forging ,
(b) overheating crack, (c) porosity in segregation area.
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Table 1 Calculating conditions for heating of SKD11 steels
CAE code MSC MARC
Heat transfer coefficient (W/m2-°C) 195.6
Conductivity (W/m-°C) 29 .3~29 9
Specific heat (kJ/kg-°C) 0.48~0.95
Material density  (kg/m?) 7700
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Table 2 Calculating conditions in free-forging

CAE code DEFORM 3D

Flow stress (MPa) 0=0.2572 € 01678exp(8049.6/T>¢)
Working velocity (mm/sec) 20

Anvil temperature (°C) 300

Conductivity (W/m-°C) 28.8

Heat capacity (kJ/m3-°C) 4.38

Heat transfer coefficient (W/m2-°C) | 125.6

Friction coefficient m=0.7(shear)

$%¢ T(K) : Material temperature
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Fig.3 Sampling place of specimens for hot upsetting
test.

Table 3 Experimental conditions in hot upsetting of SKD11 steels

Working temperature  (‘C)

(Tsv+25), (Tsv+50), (Tsv+75)

(%)

Reduction ratio

72

Working velocity (mm/sec)

1
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Fig.4 Transition of the accumulated time integral of hydrostatic stress,
> Gm*. (Forging process :Ingot — 500mm square.)
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Fig.5 Hot upsetting test results.
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Fig.7 Comparison of measured and calculated surface temperature during free-forging.
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Fig.8 Temperature distribution on free-forging of SKD11 steels (1/4 model).
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Table 4 Heating test conditions and results

Temperature /C  Time /hr  Surface cracks Center defects
A Tsv 12 O X
B Tsv 10 O O
C Tsv 8 X O

O : Not Found X : Found
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Fig.9 Effect of narrow anvil on the temperature distribution after forging (1/4 model).

(Forging process : First heat.)
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Fig.10 Transition of accumulated time integral of hydrostatic stress, =Gm*, by using
narrow anvil. (Forging process :Ingot = 500mm square.)
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