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Modeling of force-energy parameter of thick plate rolling based on
a cosine velocity field

DENG Lei, ZHANG Shunhu

(School of Tron and Steel, Soochow University, Suzhou 215021, Jiangsu, China)

Abstract; To establish a rolling force model with reliable prediction accuracy, a cosine velocity field was proposed
according to the characteristics of metal flow in rolling process, and corresponding energy analysis was carried out
based on the proposed velocity field. The proposed velocity field could strictly satisfy the volume constant
condition, the boundary condition, and the geometric equation, which indicates that the velocity field can satisfy
the kinematically admissible condition well. In the modeling process, the inner product and addition method of
vector component was adopted to derive the internal deformation power during rolling, and the integration problem
of the nonlinear specific plastic work rate of Mises criterion was solved. In addition, the mathematical expressions
of friction power and shear power were derived based on the proposed velocity field. The analytical model of force-
energy parameters in rolling process was obtained in terms of the variational principle of rigid-plastic material. The
prediction accuracy of the rolling force model was verified by using the measured data from a domestic factory.
Comparison results show that the deviations between the predicted rolling force and the measured value were within
7.55% , indicating a high accuracy. The established model was compared with the classic Sims model and Tselikov
model, and a good superiority was found. In order to investigate the parameter variation during the rolling process of
thick plates, the influences of reduction, shape factor, friction factor, radius-thickness ratio, and roll radius on the
stress state coefficient and the position of the neutral point were analyzed.
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Fig. 1  Schematic of deformation of thick plate

KIrb by RELPEA R by D R R
LA, O AL T AL IE XA AL E oy HAH
HEE v, W EREE 0 A, o S 2 Ol
I AT A BRI XA KRR S b, AR TR
DA AL ELAFIERE o M s LA o) 32 5 0t
Al FE LR ) ) 1o 38R R S5, ) 1) AN SR e R
R, ARIEE A LT R 2 aair 72 S8
T FELA S H B - T R

z=h,=R+h, -[R* - (1-x)*]"
z=h,=R +h, —Rcos «

. (1)
[ —x =Rsin a,dx = — Rcos ada

h'. = —tan a,h”, = (Rcos’a) ™'



<118 - MoK OE T

%53 &

HI P& (1) AR S 45
x=0,a=0;h, =h,=h,=hy,h' = —tan 6
{ e (2)
x=l,a=03h, =h, =h,h' =0
FLAFAE AL 3 B P AN U 1 2 2 L7 1) B 28
B AESERE D5 18] R AR 2 o (B AL IR S8 )5
I AT 10, SERREAR/N 2 o P 2 ALY S RN
PR, Horb 0 58 JR AR E M i W 2 e 5, HoB e Rk
A — B R SRR WA (3) ~ (5) o

y

B2 IiBEEAREHRTE

Fig.2  Schematic of deformation along width direction of rolling
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Tab.1 Summary of relevant rolling parameters
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Relation between lengths of deformation zone and

positions of neutral point under different reductions
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Fig. 6 Relation among friction factor, reduction, and rolling force
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