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Design of Adaptive Fuzzy Damping Control for Stay
Cable-magnetorheological System with Supervisory Function
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(1. Faculty of Maritime and Transportation, Ningbo University, Ningbo 315211, China
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Abstract. A design method of adaptive fuzzy damping controller for stay cable-magnetorheological system
with supervision function was proposed on fuzzy estimation and observation theory, which took the
vibration reduction of stay cables as the application object to solve the practical engineering problems in
magnetorheological damping control, such as difficult to determine boundary conditions, unknown
external excitation, modeling and structural errors in the system. In the controller design, the fuzzy
estimation and adaptive compensator strategies were used to reduce the influence of unknown excitation
mutation, parameters and modeling estimation errors on the damping control performance, and the
supervisory control method was introduced to supervise the vibration reduction control performance. The
control accuracy of the damping control system was improved. Based on the Lyapunov method, it was
proved that the state of the stay cable-magnetorheological damper system was bounded and asymptotically
stable, and the stay cable converged with small vibration velocity and small amplitude. Finally, the
simulation verification was carried out by taking the stay cable C20 of Ningbo Zhaobaoshan cable-stayed
bridge as an example, and the simulation results showed that the method was robust to unknown external
excitation disturbance and uncertain system structure, and the damping effect was outstanding.
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Tab.1 Calculation parameters of C20 stay cable
P ZzRK/ o HEE/ RA/ MR RAIEE/
- m m kN *) (kg'm™")
A 190. 22 0.121 359 29.49 60. 74

PLR N PERE R 22, JLBMERL L E O 2 X 10° MPa,
SR E M e C W K

0.1232  —0.001 05
:[—0.00105 0.5 ]
[ =0.0019 0.0079
K:[0.0079 0.517]
C,:[o.oosg 0 ]
0 0.0196
A A5 R B ) FR G S RO
0 0 1 0
0 0 0 1
T| -0.0153 -0.0729 -0.047 1 0
~0.0158 —1.0342 0 ~0.039
0
0
7| 812
0.415
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B 5 SO { R (NB) |, it (NM) |, 63 /h (NS)
T (NW) & (Zero) , IEf (PW) , IE/N(PS) , IEH
(PM), IE K (PB) |, E, BB £ E L | R
(NB), f # (NM ), /N (NS), % (Zero), IE /)
(PS),IEH (PM), TE R (PB) | o A50H 42 il L 0 40
K2R

x2 EMESAN

Tab.2 Fuzzy control rules

E

NB NM NS NW Zero PW PS PM PB
NB NB NB NM NM NW NS NS Zero Zero
NM NB NB NS NS Zero NW NS Zero PW
NS NB NM NW NW Zero Zero Zero PW PS
Zero NM NS NW NW Zero PW PW PS PM
PS NS NW Zero Zero Zero PW PW PM PB
PM NW  Zero PW PW Zero PS PS PB PB

PB Zero Zero PS PS PW PM PM PB PB

N7 1) SR Je 12 o R

1

1 +exp( —S(Zq(t) +5))

pay =exp( = (Z, (1) +4.2)7)

pas =exp( = (Z, (1) +2.56)%)

paw =exp( = (Z,(1) +1.12)%)

Brew =exp( = Z, (1))

poy =exp( = (Z, (1) —=1.12)7)

pes =exp( = (Z (1) -2.56)%)

Meen = exp( _(Z,,(l> -4.2)%)
1

Hon =1 Y exp(=5(Z,(1) -5))
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Fig.5 Fuzzy controller tracking of input signal

(random signal)
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