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A Model Reference Terminal Sliding Mode Control Method With Fixed-time Convergence

ZHANG Xiao-Jun' YUAN Xia-Ming® WANG Xiang-Yang® ZHU Ji-Hong® LI Chun-Wen'

Abstract Based on model reference method, a nonsingular terminal sliding-mode control method with fixed time
convergence is proposed for a class of time-varying nonlinear systems with model uncertainties and external disturb-
ances. Firstly, a model reference controller structure considering input saturation and compensation signal filtering
is proposed. Then a sliding mode controller based on a novel nonlinear terminal sliding mode manifold is construc-
ted for generalized errors, which balances the convergence speed near and away from the equilibrium point. The
fixed time convergence and stability of closed-loop system are proved with the Lyapunov method, and the upper
bound of convergence time is obtained. Finally, the method proposed is applied to tracking control of nonlinear sys-
tems with limit cycle.The simulation results verify its effectiveness.
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Table 1  Coefficients and convergence
time (s) of the scalar system
ZH B q a P T
1 1 5/9 0 5/9 1.08
2 1 5/9 1 5/9 0.80
3 3 5/9 1 5/9 0.34
4 1 3/9 1 5/9 0.68
5 1 5/9 3 5/9 0.56
6 1 5/9 1 3/9 0.75
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Table 2

o (rad) ao a az as g

0.4363 0.00543  —0.01426  0.41336  —0.00465  0.00263

0.4800 0.00594  -0.01765  0.38793  —0.00487  0.01689

0.5236 0.00657  —0.02040  0.38008
—0.03104  0.53884

—0.03137  0.53455

—0.00537  0.02596
0.5672 0.00732 —0.00623  0.04189
0.6109 0.00794 —0.00751  0.05144

0.6545 0.00914  -0.00246  0.00105  —0.01059  0.03736
—0.01187  0.06119
—0.02862  0.06867

—0.08113  0.02935

0.6981 0.00902  —0.01881  0.62351
0.7418 0.00999

0.7854 0.01135

—0.03219  1.51180
—0.03712  2.42520
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Table 3  Aerodynamic coefficients for Model C

[e% (rad) d() dl dz dg aq

0.4363 0.00615  —0.02644  0.82603  —0.00940  0.04934
0.4800 0.00310  —0.00057  1.00250  —0.01157 —1.19080
0.5236 0.00523  —0.00406  0.09998  —-0.00167 —0.00183
0.5672 0.00729  -0.01260  0.33063  —0.00506  —0.00378
0.6109 0.00591  —-0.03024  1.07030  —0.00285 —0.03726
0.6545  —0.00406  —0.00588 1.0840 0.03646  —0.15374
0.6981 0.00574  —0.00771 —0.03172 —0.01095  0.16302
0.7418 —0.0040  —0.03261 2.3447 0.13848 0.90542
0.7854  —0.00089  —0.02071 0.8361 0.13752 2.8685
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