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Asymmetric Rolling Theory Based on Numerical Analysis Using Orowan’s Theory

Toshiharu MORIMOTO, Fuyuki YOSHIDA, Ichiro CHIKUSHI and Jun Y ANAGIMOTO

Synopsis : An asymmetric rolling possesses advantages in energy consumption, strip flatness of hot strip because of decrement of rolling force. And as

we say another merit, asymmetric rolling enable us to control inner microstructure rolled with high reduction and with large shear strain. In-

troducing a single driven rolling to tandem hot strip rolling, we produce fine grain hot strips industrially. We need numerical deformation

analysis model to combine microstructure evolution model to predict them.

An asymmetric rolling theory based on numerical analysis using slab method, Orowan’s theory, is proposed. The most important effect of

an asymmetric rolling is the relative displacement of neutral points on the rolls. This displacement of neutral points generates a cross shear

region in which the surface friction forces are in opposite directions. To formulate rotational equilibrium equation in the cross shear area, we

consider the reasonable distribution for the pressure difference between the rolls. This developed model permits rolling load, rolling torque,

stress distribution and strain distribution as a function mill geometry and strip reduction with quite short computing time. Numerical simula-

tion results are presented and compared with results of FEM, which is most reliable to analyze plastic deformation today, and with results of

laboratory rolling. Accuracy of new theory is roughly equal to accuracy of FEM.
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Table 1. Nomenclature.

(Karman’s theory )

h position of roll surface u normal stress along y-axis R roll radius
o
¥ of upper strip
q horizontal stress at roll gap. p" upper roll pressure f total horizontal force at roll gap

(Orowan’s theory)

from strip center line

in forward slip zone

p roll pressure L normal stress along y-axis CS cross shear zone
T of lower strip
x horizontal center-line distance p* lower roll pressure x> gravity center of CS
measured from exit plane
¥y vertical distance measured o F shear stress at roll surface T, stress vector along x-axis
!

contact angle

shear stress at roll surface

stress vector along y-axis

T, # ) ) T,
in backward slip zone
H friction coefficient £V friction shear stress at upper b, neutral point
4 roll surface
k flow stress for plane strain . friction shear stress at lower € strain along x-axis
i roll surface
O e normal stress along x-axis T internal shear stress c strain along y-axis
(Orowan’s theory) >
o, normal stress along y-axis o, shear stress on x and y planes e, shear strain on x and y planes
Vy roll surface velocity o upper roll neutral point m Lower roll neutral point
" n
P radius of curvature I stiffness for bending A area of stip
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Fig. 1. Roll pressure distribution of symmetric rolling.
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Fig. 2. Roll pressure distribution of asymmetric rolling.
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Fig. 3. Stress vector and stress tensor in the cross shear
zone of asymmetric rolling.
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Fig. 4. Calculated normal stress distribution in roll bite of
asymmetric rolling by FEM.
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Fig. 6. Calculated normal stress difference in roll bite of
asymmetric rolling by FEM.
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Fig. 11. Calculated stress distribution of asymmetric
rolling with low reduction by FEM.
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Table 2. Laboratory rolling condition.

Roll diameter , R/mm 6250
Entry thickness, hy/mm 4.0
Exit thickness, hy/mm 2.0

0
Rolling temperature, T/C 100
Rolling velocity, V./m/min 30
Lubrication off
Steel grade $8400
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