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Application of hydrostatic integration parameter for free-forging and rolling
Morihiko Nakazaki and Ichiro Takasu

Synopsis: It is important to catch deformation behaviors of the forging and the rolling to avoid center porosity due to solidify-
ing contraction. In general, forging has advantage for avoiding center porosity rather than rolling. There are evalua-
tion methods each for rolling itself and for forging itself. There is no evaluation method for both rolling and forging.
Authors have a great concern with hydrostatic integration, which is usually used in forging and evaluate the center
porosity of bar or billet which was produced both with rolling and with forging, by using CAE analysis and plasticine
test. Consequently, we found the hydrostatic integration, Gm, can be applied both to rolling and to forging as an
evaluation of center porosity.
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Fig.1. Free-forging simulation model.
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Tablel. Free-forging conditions of plasticine simulation

95x 75% 200

Anvil length /mm upperd 120 lowerd 2500 plasterC
Reduction of height /% 100 120 210 25

Total pass number 1

Billet dimension /mm
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Table2. Calculation conditions of free-forging

CAE code Deform 3D

Total pass number 1

Steell] temperature S20C0O 1273K

Flow stress / MPa Misaka's fomula®®

@ 0 115.9(8 °2[g o+

4 node tetra hedral elememt
[ 00.20

Type of elements

Friction coefficient

O cO Type BO plasticine

75 -59mm

0 dO Type BO CAE analysis
center line

Fig.2. Results of plasticine simulationO upper and CAE analysis[] lower[ in free-forging.
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Fig.3. Reduction of center porosity area and hydro-
static integration Gm for each point.
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Table3. Rolling conditions of plasticine simulation

80x 60x 200

Roll diameter /mm 2200 flat caliberd
Reduction of height /% 8.30 16.700 2500 33.3
Total pass number 1

Billet dimension /mm
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Table4. Calculation conditions of rolling

CAE code CORMILL®

Total pass number 1

S20C0O 10000

Misaka's fomula®™

[0115.9(8 °#[g 0=

8 noded three-dimensional brick element
@B 00.57

Steeld temperature

Flow stress / MPa

Type of elements

Friction coefficient
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Fig.5. Relationship between hydrostatic integration
Gm and reduction of area of center porosity.
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Fig.6. Relationship between Roll diameter and material
height ratio and hydrostatic integration Gm.
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Table5. Calculation conditions of rolling

Total pass number 1
80x 60
15000 1800 210

Billet cross section /mm

Roll diameter /mm
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Table6. Calculation condition of rolling

Total pass humber 1
Billet cross section /mm 432x 432 148x 148
Roll diameter /mm 900 500

Temperature difference /K
O surface-center]

1373-13730 1273-13730
1173-1373
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Fig.7. Influence temperature distribution in steel on equivalent plastic strain and hydrostatic stress.
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Fig.8. Gm transition by temperature distribution.
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Fig.9. Transition of Gm by k value of flow stress.
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Fig.10. Transition of Gm by m,n value of flow stress.
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