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Analysis on horizontal vibration behavior of hot rolling mill
based on dynamic fiction and piecewise stiffness

Wang Yuntao, Wang Lei, Tian Jieyu
( Department of Railway Vehicles, Hebei Vocational College of Rail Transportation, Shijiazhuang 050000, China)

Abstract: Considering the change state of friction force between rolling interfaces when the work roll vibrates and the condition of hori-
zontal bearing block of work roll hitting against mill housing, the corresponding dynamic friction model and piecewise stiffness model
were established, and the horizontal nonlinear vibration model of hot rolling mill was established. Then, the amplitude frequency char-
acteristics of horizontal vibration system for hot rolling mill under linear damping term, cubic nonlinear term of dynamic friction force,
piecewise stiffness term and external disturbance amplitude variation were studied. Finally, the bifurcation behavior of the vibration
system for hot rolling mill under the change of external disturbance force was studied. It is found that the change of external excitation
amplitude can make the vibration system enter into a chaotic state, and there are obvious phenomena such as period doubling
bifurcation leading to paroxysmal chaos and chaotic motion, which is one of the reasons for the light and dark stripes on strip steel.
Thus, the above research provides a theoretical basis for the suppression of roll system vibration and parameter optimization of hot rolling
mill.
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Fig. 1  Horizontal vibration model of work roll for hot rolling mill
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Fig. 2 Collision model between horizontal bearing seat and mill housing of work roll
(a) Work roll bearing seat pressing on pillar of right mill housing ~ (b) Work roll bearing seat locating between mill housings

(¢) Work roll bearing seat pressing on pillar of left mill housing
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Table 1 Rolling parameters of a hot rolling mill
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m/kg 1. 44x10°
¢;/(N-s-m™) 8.5x10°
ky/(Nom™) 9.9x10°
k,/(N-m™) 1. 65%x10°
R/m 0.42
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H/m 0.0141
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Fig. 3 Amplitude frequency curves of horizontal vibration under

different linear damping coefficients {
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Fig. 4  Amplitude frequency curves of horizontal vibration under different

cubic nonlinear term coefficients d5 for dynamic friction force

Pl 4 JRBL 1 %Ll B 1) 3h 25 BE ) = kAR Ze bk
BIRKL d, ZRAHRELY UK IR S iR, R
REIER, RERRERENR, W00k X
WIS AE . RN s S ORARLRR B Y, A T
RTEHURRABLE , TR 30 2 Ge AR ELDS/ )
PRI, 3 3 RARZ AR B 7 nT A R i R Ge ksl

K5 Sy BeRIBE I A 50 A2 AR, B T AR Al
TR 55 7 2 18 9 2 f AR 285 4 A 728 A I B FR AL LR
SRGESM L, TLUER, BEE 9 B3R, k3
DRI R, HiRsh RG2S (E, R4 T BkER
MR, b S EEAE—E T B N R R BRIk S,



204 B E

oA

A7 4

B 5 AR5 BRI BET 2R 5 n T BO/KF 4R Sl i 33 it £
Fig. 5 Amplitude frequency curves of horizontal vibration under

different piecewise stiffness term coefficients 7

6 ARISMEIEEREF, T ARFR 3 e 2k
Fig. 6 Amplitude frequency curves of horizontal vibration under

different external disturbance amplitude coefficients F,

A AL BRI . T DL i 7 Bl R 3 S
(BLZR) Ta) 22 n] L F el Ao 4 08 98 s Aol AR A A 280
XL,

Pl 6 S SN IR B R K F, 78 Al B i A it 2
ATLVE S, B R OR, REARIEER,
My AW, ARIRE XY K, Kbk
BT HRAEUR AR AL IR SIIRES, &
O TR RORT B T R, X U L BLR 3h R e X
FHMBYCSAE M, AeFL o e b 2 O A

4 AN TAER AP IR 5 0 8 i

RHRIEHIE, K5 (9) M 1 aELH
ZH, R EJ7 20 58 A0 R RN 22 AL T FAELALK
AR SR I AT N

Bl 7 RSN IR R AL F, ARG T 09 JRB o 2

Kl 8 MK 7 XY Lyapunov $8 40K, Kl 9~ Kl 14 H
ARSI AR 22 E F o X5k 107 AR L8 R0 D T i 55

0.2F

0.0

w 02

04}

-0.6k
45

Fo
7 SRR REF, 240 0 RERR k42
Fig. 7 Local chaotic bifurcation diagram with variation of external

disturbance amplitude coefficient F,

-0.06 . A A
45 5.0 5.5 6.0
Fo

8 HUHUIRBIRZH Fo LRI R Lyapunov 5 4 £k

Fig. 8 Maximum Lyapunov exponent curve of rolling mill vibration

system with variation of F,
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