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Abstract: Aiming at the problems of poor multi-roller coordination and low roll bending accuracy in practical applications of roll bending
machine with "3+1" roller, based on the mechanical structure of the roll bending machine and multi-agent distributed cooperative control
theory, a hierarchical cooperative control framework was proposed to solve the integration problem of multi-roller optimization and coopera-
tive control of roll bending machine. A virtual system was constructed based on a distributed optimization algorithm to generate optimal refer-
ence trajectories in the upper layer of control framework. The position tracking controller of rollers based on the backstepping method was de-
signed in the lower layer using optimal reference trajectories, so as to realize the multi-roller distributed trajectory optimization and coopera-
tive position tracking control in roll bending. Furthermore, during the design process of controller, the adaptive technique were incorporated
to estimate the uncertain upper bounds of the roller system. Based on Lyapunov stability theory, it is proven that the tracking error of the
multi-roller system can achieve the bounded stability, and the effectiveness of the control scheme is verified by numerical simulation.
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Fig. 1 Mechanical structure of roll bending machine with “3+1” roller

K1 RARIR S B A AR LA PO L
T H A A SRR S 22 1) WU 2308 ok 2 ] i e o
(] B 37 1) AT N ZR 25 i iz gl T 2R AS R B
SRR E TR T AN RS Z W), ZE A A AR AT
MRS PR B AR PR TR AL E, JF Wi
i FARFEAY bR e LA S B B ATt gy, 2
FAIE AL LA BEAT — R PR R s AT 2 R BER, A
ZMTHLH TR B MR, B NRE R
H, ZEATIUERIE R D BB SR AL, i G AR
DI A A b gt g i, JFRTENIR S LB, AR
FEROBERE th R AURISGR MK S, A AR AL B W
ARG Al A RS Bl ikl 1y, k]
fRIBR I BT iz e i 2 el iis g, sh R S8
WA 5T A Sl A R A 2, R A
PR R S R, BRI T
AR e PSP SE B, DRUERSAA N T frRHs 1 A— 2
M, HEGRBIFTRIINTRCR

2 ETRBRERWERET KL Z 4 i@
3830 B AR B T 4 ] R B

10 S2BRIG H BB 85> (Proportion Tntegration

Differentiation, PID) #Efilth, W FEIERGEIKNHL
IRHIRAELBRA BR, X T il 3 2 S A i B 41 L
I, 564 H 3l S B0 A2 i 286 SME RSF i T
BRORS 23R AN T RE Y . BRI, O T ORAIE R A A
TSR U E T 2 22 e G F RIS I, T R
FHA3 BOSUE 25 A0 T LA BR 3 52 AR b 742 il 23 (4R 25 1
o 3Bk e G Je 45 i 1 B i U AR
SRS RUB R 43 R A BRAS B, AR R BE
N, AT LA BB B 25 il il 32 T UL A i A R,
SRR BT BT, AT DU H R I A
R, Jhm, @R AR A AL RS,
PRAE R UBE A B BB 4% BRI 75 00 R e, AT
SEPUEVRA RS B R FSOE . X RO k] U —E
PRI bR bR 22 G e A 3 6 il R A28 A AR
PR, $em OB S BRSO ARG, A, T2
BREA MRS B A B A . AR AT S
PAREWEA MRS, S 2N T &4 S
BT L, H IR IR T 2 AR R IR B
A RO T % . B R 3 MR IZ 3h B A XS
IS SO ESEW, AR —rE, T URHR 25 OB /Y
AR A R A A B SR AR, B AR
— R, HNRAEAMNNEIT A B E, 31
TRACIE IS F B AR H ARSI BE
IR B sk, SRk ER S BB H B, BRI
ZHH Z A AR E A AN 2 R

K2 ZREEEHTNE

Fig. 2 Multi-roller communication topology diagram
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Fig. 3 Hierarchical control framework
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Fig. 4 Optimal reference signal (a) and gradient sum of local cost function (b) for each roller in horizontal direction
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