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Experimental and Theoretical Investigation on Tilting in Bar and Rod Rolling Using
Diamond—-Square Pass and Square—Oval Pass

Motoo ASARAWA, Hideyuki Mivyazawa, Makoto Tol, Yuki KATAYAMA and Jun Y ANAGIMOTO

Synopsis :

Metals under bar and rod rolling often exhibit tilting, due to smaller width height ratio of bar and wire rod under rolling. Design of calibers

and rolling conditions to reduce tilting of stock is of industrial importance, as tilting may result in wrinkling and overfilling of rolled product,
or miss rolling of bar and wire rod. Characteristics of tilting under bar rolling are investigated experimentally and analytically, aiming to clar-

ify threshold for the occurrence of overturning and restoration resulting from tilting. Tilting of bar under rolling can be classified into two

modes. Mode 1 tilting is resulting from steady-state twisting deformation in roll bite. This mode takes place even though position of entrance
cross-section is constrained strongly by guide or previous stand, and this mode can be directly analyzed by steady-state FE analysis. Mode 2
tilting takes place in the bar before rolling, when constraint from guide or previous stand is relatively small. This mode can be evaluated

using normalized moment acting to entrance of bar obtained by FE analysis. Steady-state FE analysis of bar under rolling is successfully ap-
plied to predict tilting of bar in Square-Diamond Pass and Square—Oval Pass. Predicted results agree well with the experimental measure-
ments for tilting of mode 1 as well as mode 2. It can be concluded that FE analysis is helpful to the design of calibers and rolling conditions

for bar rolling and rod rolling.

Key words : tilting; groove rolling; rigid-plastic FEM; caliber; overturning.
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Fig. 1. Twisting of workpiece under bar and rod rolling.
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Fig. 2. Moment acting to metal under rolling.
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Fig. 3. Outlook of rolling mill.
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Fig. 4. Structure and position of guides for experimental caliber rolling.
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Table 2. Condition of analysis.

Diamond — Square
:Region for analysis Pass type Square — Oval
Fig. 6. Distribution of cross-sectional velocity component Roll diameter /mm 100
with twisting of workpiece. Rolling speed /rpm 30
Temperature /K 1273
. . Flow stress /MPa Misaka’s formula
Table 1. Condition of experiment. F-0, _(a+ bE")~§” & = 128.08°% . 50
Diamond — Square Friction coefficent 0.3

Pass type Square — Oval Front / Back tensions
Roll diameter /mm 100 0,/0,, 0,/0, 0
Rolling speed /rpm 30 Region of analysis Right half

Temperature Room temperature Mesh division
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Fig. 7. Dimensions of stock and roll profile.
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Fig. 8. Transient change in tilting angle at exit 6, in Dia-
mond-Square Pass by laboratory experiment.
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Fig. 9. Transient change in tilting angle at exit 6, in
Square-Oval Pass by laboratory experiment.
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Fig. 10. Relationship between 6, and 6, in Diamond-
Square Pass by FEM.
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Fig. 11. Relationship between 6, and 6, in Square-Oval
Pass by FEM.
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