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Vibration characteristics and control on rolling mill roll system with dynamic
clearance under influence of hydraulic cylinder nonlinear characteristics

Liu Fei, Xu Shuhui, Wang Xiaoting, Wang Xinzhuo, Feng Mengyu
(College of Electrical and Control Engineering, Xi’an University of Science and Technology, Xi’an 710054, China)

Abstract: In order to suppress the vibration in vertical direction of four-roll strip mill, firstly, considering the segmental nonlinear elastic
force under the influence of dynamic clearance, the dynamic model of rolling mill roll system under the joint action of segmental nonlinear
elastic force and dynamic rolling force was established, and the amplitude-frequency characteristic equation of the system was solved by
using the average method. Then, the time-domain characteristics and frequency characteristics of the roll system when the elastic modulus
of hydraulic oil changes were simulated with the actual parameters of rolling mill, and the influence laws on the vibration behavior of the
roll system was obtained. Furthermore, the change laws of the amplitude-frequency response of the roll system under different hydraulic
system parameter changes were compared, the influence of the hydraulic cylinder parameter change on the vibration behavior of the system
was analyzed through the bifurcation characteristics, and the parameter interval was obtained when the system cycle was running stable.
Finally, a state feedback controller was designed to realize the vibration control of the dynamic clearance rolling mill roll system. The anal-
ysis of amplitude-frequency characteristics and bifurcation characteristics shows that the controller can effectively weaken the influence of
the dynamic clearance on the stability of rolling mill roll system, and suppress the chaotic behavior of the roll system, which provides a
theoretical reference for suppressing the vibration of rolling mill roll system.

Key words: multi-segment elastic force; dynamic clearance; amplitude-frequency characteristic; bifurcation characteristic; feedback var-

iable control; vibration

ATAF R A SR AR 7 i SO A BEORGBOR B Ry, T FLARIR SR R L R TR b i A
ELPUAR R IRSIAL i, i 2 B A 7

BREM: 2022-11-08; #EITEH: 2023-02-09 MR, BB, OISR RS, T
BEETH.: ERAKRBSAELSHWIIE (51905416) ; A HE T PL, S ELALER R PR Bh I AR S H 25 TS
FFEGITIAUME (20K0758) S 35 X RLRLIR R AR Sh LB, MO [ £

fEE®E A X € (1986-), B, WA, gHim

E-mail, liufei@ xust, edu. on FEVEAT T OREEWT S TAE . RS0 N SRR ARy SL AL AR
SRR, S0P (1996-), %, WiLBgc: RHEEH, I R mELRIR S A FE AR, A

E-mail; xushuhuil996@ 126. com TN VAN RO EPR S AR RS, JF i 40 7 R A



55 8 14 XREE WRGTARZR R R Y Sl AR B LD LUAR AR IR sh s Al 177

PIRs Ak o M A5 7 35 A 5 L ALAR AR T B AR 2h 1 Bl
BT MU ELAL PR R G R AR, X R
AL 2% A ALLAR 28 AR E Ml T AR KR, A
(927 2% R ELHLAR 28 2544 rh A 980 f 11 38 S B AR
LeMERE, L T ALPLIR R IE ARSI, IOk
SrATELARIREIHLIN TSR AT B R R L 1 43
Aii, HESr TR RSB > Bk 1R B4R R AR S
RS, SR i 7> B Ty e A 4w, HOR
RESE 2 BRI 2 BN R s s BN, £
IE PR 2 RS R ) RN 3 B W B S I LR
HOFREERL, AL R SR fe it T e 2
% AR G R AL 1 AR R RS A R
i S AN Y S A AL BRI A SN
HH R TP FH ARG, 73l sr T A FEL
il SR N LR IR SIS R T AL T
SHOTFLER AR S 5 R S I L AR i R 3
A L S 7 A A AL ) 2 R 4 R R IR B
BRI LIRS, R TR S SO A R
PR SRNG , fok AR g A ELAR S (R, TR AR
FYRBN S BRI R ST A
R GE ) I 0 A5 45 g 42 ) e X L AR A
e SRS B T ALBLAR R PR ST 4%
W TR A LR, H R E— 2T,

RS SRS W] B T o3 Be AR ek Bk g
SHAELH T, S TALHUAR R B R LS PR
SR, TR LRI UG HAE A R ORI A
T AR s ol A S ok L AR IR s 17 DA 4 2 i AL
o BOPIRE R BRI &, WD SR BT R SRR
EVERIRR, JHMHELALR R AIRTEE ST, e
I RSSO R P L

1 BB T B B

TEARH EL i A, VR B BeARZe vk Btk
XELHUVR R AR e MR AR, B R A
PO LA &R, BFE 2 BOR S THRR P2 197
BOARZ LS DAY E R AR A o Be sk T bk
AN, PNOA SE R ST 09 o B T 2 BE AR A Ik
NNAS SRR, SR S B L AR A8 IR 3 i 52 1Y
SRR IR RER AR Y . LA 1780 DUARAR A ELAL R B,
RGEWWEEL S SLANE 1 BT, AR FLPLBL
JEFR R RLAE T SRR AR L Sy, P A
AT SR AR R, i 2 R R I35 LA B
SN FIVMRIEAT b R, e AL HE R, W

EETEE/ﬁ ﬁ

S L
ot — ) RiE 7 &
N By TR

%

L] L]

K1 SR RS
Fig. 1 Structure diagram of rolling mill roll system

JE TR RET RS2 7 FE ATy, B BAR R SFEAL
H AR, BEENL ARSI 2 FiR,

K2 4LHL AR R IR SRR
Fig. 2 Vibration model of rolling mill upper roll system

RIS B 2R 32 B Bk 7 FOAIR 2 B 4 T ) 1) Sy 1%
B L, d, . dy 5B ROE R GRS AR TR A
FLHI B U 1 B = A R R s R &, m, A
FHRANSERT R, v, N ERANIRDMFE, AP
N R RZEINELE AR R, ¢, AR RS
20 b RERIAI AL BEE , N, . N, 28 B R R G A
AT I SR AR R MW B

TR ART B4 25255 ) B8 T LA 9480 3k 4 ) B 3 4B A
TR, XFEAT A R GG ZE s 8, AR TR T
A RO R, SRR IR B AE TR
L AT R SR AR I F RN AR 2R 0IR B0 5 B 4 U R B
TAFE AR, ITLL, WO GL A9 S5 R 4 PR NI
BRI (1) fist (2) Font®,

1

N, =KA, — 1
| A — (1)
N, KA, (2)
P 2L2_d2+x1

o K AR SRR & Pay L, AL, 230500
JE T GLASREL I BRI IR A R, my A, FI A,
AR T B AN BT TCAT IR TG ZE R A SORIAL, m®,



178 B

kO OR

548 4

AR R 2R MR S o0 A 25 A ml i, e R L AR
RO ELRm R A SRIE Sy, ARG R 2 22 2 LR
o] A SREET, HALER ARSI, WG A W
KA, XEERIEALIRIR S B A, B
BRI SE S, BARA LI 4 FEL

(1) HELER I RS d, i, B3R
FALZ B T LRI G sk 1

(2) HELHIM MRS E R 4, B, B4R
AN B HRELAE A IE ST

(3) HAELIRAYIZ SRR IR L AR LR s
AL, SRR 22 2 PSR GLAPE T D,
FLAR I EARBhS, PO GO AL BOFE T 18620
7T, LA, XA S L A I RE S B 6 B R R0
FERECRIMIEA S, (A1, e 2SR AT AR B IE

(4) HELERE NIRRT S FLAR Y
YERI IR N IETT 1], FirLL, 3 4L A I 32 22
IERIEERONE, Fe MRLARIE A IE, [, 4R
LA P E R B

ARG B 8] B2 BE A IR s 2 A2 Y A2 A i 221k
FrLA, SLOLEAR AP0 BORES) F (x,) FTRAZRA
X (3), Hr, oA, [ o,

- N,x, (x, > d,)
(_Nl +N2)x1 (Osxl $d2)
F (x,)= (3)
(Nl _Nz)x| (_dl s« < 0)
= Nyx, (xl <-d,)

RARZ BN Z 00 Beg s e 3 o, Ae
SHASEIBTREN T, 5L A IR 3 285 /N T 46 5
YA Y, FLAR BT 2 sk Sy e e i, 4L
ARSI BIRE 3R -d, B d, B, B T AEIX PSR
AT HURABOTR G R & 2 A28 e, FLER S22y
ATy S A e, i H S RS RS g - d, I,
LRI Z 50k 105 0 R AR . XS M ELIL AR GE R
T Ph i i — 5 S0, DTS2 R i b B, BT
FEFLPLAE M BETT i A v, R 2R mT (8 b S R 2R 52
2 BEARZAE A S A O

o1

S e

) — O —

R N

2,

£l

R \\\

B, ) ) ) ) )

g 20 15 -10 05 0 05 10
HABIRFALE/(x103 m)

K3 FLAR AT 32T R )

Fig. 3  Elastic force of hydraulic cylinder on roll
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Fig. 5 Vibration displacement curves and time-frequency diagrams under different elastic modulus of hydraulic oil
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Fig. 16  Amplitude-frequency characteristic curves with different

values of control parameter ¢
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(a) Screwdown cylinder, bifurcation diagram

(¢) Screwdown cylinder, maximum Lyapunov exponent
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