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Terminal sliding mode control for flexible manipulators with

uncertain parameters

WANG Yan-min, FENG Yong
(Department of Electrical Engineering, Harbin Institute of Technology, Harbin Heilongjiang 150001, China)

Abstract: A terminal sliding mode control method based on genetic algorithm is proposed for the end-tip control of two-
link flexible manipulators with uncertain parameters. The output of the manipulator system is redefined. By input-output
linearization, the system is decomposed into an input-output subsystem and an internal subsystem. A terminal sliding mode
control strategy is designed to make the input-output subsystem converge to zero in finite time. The internal subsystem is
converted into a zero dynamic subsystem. A genetic algorithm is adopted to optimize the parameters of the zero dynamic
subsystem to guarantee its asymptotical convergence to the neighborhood of the equilibrium point. The error range of

end-tip output is calculated by Lyapunov stability theorem. Simulation results are presented to validate the design.
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5 EPET RGNS A (Parameter opti-
mization of zero dynamic subsystem)
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% [ELyapunovii 5t V(®) = &' P®, F-xFV(t)sK—
WS35,

V(0) = & PO+ P P =

(A +G)"PP + O'P(AD + G) =

—0" QP + 20" PG < —\,||D|? + 2¢||P||||®||.

WHRD ¢ LI,V <0, 1fg, € i = 1,2, ]|eF 2,
Yiq, & L, V < 0, NI 2I5024).
e B, 78 L umi A AR R, B8 e LI
F Gt Hz A BRI e i S 3 2%, i G)R124), E—
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LEARUE S AN i 1 RGeSy IR B, ARAIE 2 5)
BT RGAE VAl R fa e, W 24t — ool
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6 fhiE 45 %E (Simulation results)

TN RUE HLBR T AT 5 S KL, =
Ly,=0.8 m, % ¥ p;=1.1718 kg/m, p,=0.5859 kg/m,
jﬂ%)ﬁﬁﬁMﬂ = 05 kg, Mt2 = O kg, T)%L?thXJUEEll =
544.32 N - m?, EI, = 68.04 N - m?, # & &J, =
2.0kg-m? J, =0.4kg-m? J,=0kg - m? H

A, =10.1sint,0.1sint]",

Ay =[0.1sint,0.1sint¢,0.1sint,0.1sint]"

BEPLAFAE 1 S BOA v, rBHLES A 0140, (0) =
1 rad, 05(0) = 0.5 rad, HAVREVIEIL A E.

T ORI RS 220, Tt 4% 4R 2 4200, SCik[6] H
i AT SOME 2R AR S A 1 B iE 2 Bk, = 0.5,
ky = 0.5, ks = 0.9, ky, = 0.1, 13 5 & & @
Ao = diag{3.9309,4.9137}, A, = diag{1.3045,
4.4845,0.0806,0.2164}. £ vt 5 B % 1 2 He, =
diag{0.5,0.5},p = 5,q = 3,7 = 15.

1 249 22 P B T A i i A7 % 11 07 L ], mT AL

PN TR 1 R g 7 A% 35 R a1 2 B AR . AR 3
€32, NV HIMATLAB 1 [LMI L AR, W5 | P|| =
9.7279 x 108, Ay = 1.6559 x 10", M43 3 A S o7
AR 7535 42.8707 x 10~ °rad F13.4363 x 10~ °rad.
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Fig. 1 End-point output of flexible manipulators

7 458 (Conclusion)
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