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Estimation of the Center Porosity Closure Behavior by Hydrostatic Integration Parameter and
Process Design of Forging and Rolling

Morihiko NAKASAKI, Ichiro TAKASU and Hiroshi UTSUNOMUYA

Synopsis : Steel bars and billets may have center porosities caused by contraction during castng. It is important to optimize not only casting conditions

but conditions of subsequent forging and rolling in order to decrease the center porosity.

Forging and rolling, the two representative processes to produce steel bars, show different deformation behaviors, productivity and cost.

But no study explained the porosity closure in the both processes consistently with an identical parameter. In this study, the authors discussed

the integration of the hydrostatic stress, G,

m?

which was usually used in free forging, as a parameter to describe the closure of the porosities.

The parameter can be calculated from plastic strain and stress by CAE analysis.

It was found that the cross-sectional area of the porosity was in proportion with the hydrostatic integration G,, in single-pass rolling of

plasticine, when a plasticine billet was repeatedly rolled under an H-V sequence, however, the summation of G,, did not show a clear thresh-

old for the porosity closure. The hydrostatic integration was modified as G," by subtracting a coefficient C, to reproduce the result of the

plasticine test. In this case, the value C was 0.024, and the threshold of the summation of G, was 0.25. The new parameter G, has been suc-

cessfully used to develop new pass schedules with larger G,* for a new rolling mill.
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Fig. 1. Free-forging simulation model.

Bloom size: B7SmmxH95mm
Billet size:(after 7 passes) BS8mmxH50mm

Table 1. Free forging conditions of plasticine simulation.

Pass A Pass B Pass C
Billet dimension /mm 95 x 75 x 200 pass | height | R.A. [ height | R.A. | height | R.A. | Turn
Anvil length /mm Upper:120 lower:250 84 46| 8.0 46| 8.0
laster’ -
Reduction of height /% (112),12,2)1,25 8 12 87 14 8.7
Total pass number 1 8¢ 371 26 371 11.9 371 1190 O
9 55 94
9h 500 17.6 S0 9.1
Table 2. Rolling conditions of plasticine simulation. 9¢ 44 12.0
9d 38 36.7 38 24 38] 13.6f O
Billet 'dimension /mm 80 x 60x 200 O iROlliI’lg direction changc
Roll dlémeter /'n'1m 220 (flat caliber) R.A. :Reduction of area /% height :/mm
Reduction of height /% 8.3,16.7,25.0,33.3
Total pass number 1 Fig. 2. Rolling pass schedule.

Table 3. Calculation conditions of forging and rolling.

Forging Rolling
CAE code DEFORM-3D™ CORMILL
Steel, temperature S45C, 1000C
Flow stress /MPa Misaka’s formula ¥ 6=128.0 g%2! ¢013
Type of elements 4 node tetra hedral element 8 node three-dimensional brick
element
Friction coefficient u=0.20 u=0.57
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{a) Type A, plasticine

B B

{c} Type B, plasticine

Fig. 3. Results of plasticine simulation (upper) and CAE analysis (lower) in free forging.
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Fig. 4. Results of plasticine simulation (upper) and CAE
analysis (lower) in rolling.
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Fig. 5. Relationship between hydrostatic integration G,
and reduction of area of center porosity.
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Fig. 8. Comparison of void area reduction and hydrostatic
stress for each pass number.
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Fig. 9. Relationship between G,, and area reduction.
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Fig. 11. Hydrostatic stress value for bars of 180 to 210

mm in diameter.
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