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Deformation Analysis of Angle Steel Rolling in the Butterfly Roll
Pass System
Ping XIN, Junji KIHARA and Taisuhiko AIZAWA
Synopsis :

Butterfly roll pass system in the actual angle steel rolling is evaluated by deformation mode method
developed recently for three dimensional rolling deformation analyses. In the deformation mode method,
both 2D rigid-plastic FEM evaluating the velocity fields in the cross-section of billet, and the deformation
modes modeling the velocity distribution in the rolling direction are coupled based on the energy theorem to
deal with 3D steady state deformation in rolling process. Two types of mode functions with unknown
parameters are employed to express the velocity distribution in the rolling direction : the power and the
cubic interpolations in the cross-sectional area ratio. To be noted, unknown parameters are determined by
optimization of plastic energy, independently of each subregion, into which the whole analytical region is
divided. Through the present analysis is found that (1) the features in rolling behaviors can be discussed
by these calculated metal flow and strain distribution for the splitting, the butterfly and the finishing
passes in the whole roll pass system, and (2) the numerically estimated cross-sectional figures after rolling
are in fairly good agreement with the experimental measurements in the actual processing.

Key words : section rolling; numerical analysis; angle steel rolling; rigid-plastic FEM; energy theorem;

deformation mode method.
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Fig. 2. Butterfly roll pass system for angle steel

rolling.
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Cross-sections after rolling
obtained from the actual hot-rolling process.

with roll pass system shown in Fig. 2
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Fig. 4. Geometry of the caliber in splitting pass
Kg (right side) and cross-section of billet at entry
(left side).
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Fig. 5. Patterns of FEM mesh (with dash line)
and deformation mode subregions (with solid line)
employed for splitting pass Kg analysis.

(a) Grid distortion in the different cross-
sections, (b) metal flow patterns in the dif-
ferent cross-sections and (c) effective strain
distribution after rolling in this pass.

Fig. 6. A calculated appearance of
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Fig. 7. Geometry of the caliber in splitting pass
Ks (right side) and cross-section of bar at entry
(left side).
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Fig. 8. Patterns of FEM mesh (with dash line)
and deformation mode subregions (with solid line)
employed for splitting pass K5 analysis.

(a) Grid distortion in the different billet cross-sections,
(b) metal flow patterns in the different cross-sections and
(¢) effective strain distribution after rolling in this pass.

Fig. 9. " A calculated appearance of the de-
formation rolling in splitting pass K.
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Fig. 10. Geometry of the caliber in butterfly pass
K, (right side) and cross-section of bar at entry
(left side).
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Fig. 11. Patterns of FEM mesh (with dash line)
and deformation mode subregions (with solid line)
employed for butterfly pass K, analysis.

(a) Grid distortion in the different cross-sections, (b) met-
al flow patterns in the different cross-sections and (c)
effective strain distribution after rolling in this pass.

Fig. 12. A calculated appearance of the de-
formation rolling in butterfly pass K, .
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Fig. 13. Geometry of the caliber in finishing pass
K, (right side) and cross-section of bar at entry
(left side).
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Fig. 14. Patterns of FEM mesh (with dash line)
and deformation mode subregions (with solid line)
employed for finishing pass K analysis.
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(a) Grid distortion in the different cross-sections, (b) met-
al flow patterns in the different cross-sections and (c)
effective strain distribution after rolling in this pass.

Fig. 15. A calculated appearance of the de-
formation rolling in finishing pass K .
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Fig. 16. Cross-sectional shapes after rolling in
the typical rolling steel angle passes obtained both
by experiment in the actual rolling process and by
calculation with the deformation mode method.

Table 1. Cross-sectional area and area ratio A; of
bar obtained both by experiment and analysis.

Cross-sectional Area (mm?) A
Roll pass
Exp. (Exit) Ana. (Entry/Exit) Exp. Ana.
Entry : 2275.21
Kg 1789.78 2250.39/1 665.29 | 0.787 0.74
Ks 1386.61 1683.85/1246.05 | 0.775 0.74
Ky 1080.40 1315.41/1026.02 | 0.779 0.78
K3 856.07 1033.91/806.45 | 0.792 0.78
K, 661.06 846,32/643.20 | 0.772 0.76
K 500.53 662.76/470.56 | 0.757 0.71
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