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Abstract In this paper, for second order nonlinear systems
with nonsingular terminal sliding mode (NTSM) control, phase
trajectory patterns and critical surfaces are studied. The rela-
tionship between the initial state and the sliding mode reaching
time is explored and a reaching time estimation algorithm is
given. Simulations are presented to show the effectiveness of the
analysis and algorithm.
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Fig.1 Different initial points in the phase space for the
NTSM control system
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Fig.2 Trajectories analysis of point a in the phase space for
the NTSM control system
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Fig.3 Trajectories of states in the estimating algorithm
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(—5,10) (1.74, —1.27) 5.14 1.76 2.05

(0, 10) (5.11, —3.54) 5.57 2.43 3.16
(5,10) (8.17, —4.95) 6.01 2.89 3.82
(15, 10) (13.80, —7.00) 6.87 3.62 4.71
(15, —10) (11.47, —6.88) 2.82 0.41 4.37
(10, —10) (4.34, —4.14) 3.08 0.80 2.96
(5,—10) (—1.74,1.27) 5.14 1.76 2.05
(0, —10) (—5.11, 3.54) 5.57 2.43 3.16
(—5,—10) (—8.17,4.95) 6.01 2.89 3.82
(—15,—-10)  (—13.80,7.00) 6.87 3.62 4.71
(25, —2) (15.60, —7.58) 3.05 1.88 4.96
(—25,2) (—15.61,7.58) 3.05 1.88 4.96
(20, 0) (12.74, —6.65) 2.71 2.04 4.56
(—20,0) (—12.74, 6.65) 2.71 2.04 4.56
(10, —12) (0.48, —1.91) 3.86 1.39 1.21
(—10,12) (—0.47,1.91) 3.86 1.39 1.22
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Table 3 The largest reaching time estimation in different &

value

HIH 2.

0.3 04 05 06 07 08
(—15,10) 0.42  2.82 2.82 2.82 2.82 2.82 282
(—10,10) 0.80  3.08 3.08 3.08 3.08 3.08 3.08
(-5, 10) 1.76  20.81 10.72 5.91 5.14 6.16 10.71

(0,10) 2.43  20.67 10.53 6.19 5.57 6.93 12.44
(5,10) 2.89 20.53 10.34 6.46 6.01 7.69 14.17
(15, 10) 3.62 2024 9.95 7.02 6.87 9.23 17.62
(15, —10) 0.42  2.82 2.82 2.82 2.82 282 282
(10, —10) 0.80  3.08 3.08 3.08 3.08 3.08 3.08
(5,—10) 1.76  20.81 10.72 5.91 5.14 6.16 10.71
(0, —10) 2.43  20.67 10.53 6.19 5.57 6.93 12.44
(=5,—10)  2.89 20.53 10.34 6.46 6.01 7.69 14.17
(=15,—10) 3.62 20.24 9.95 7.02 6.87 9.23 17.62
(25, —2) 1.88 3.05 3.05 3.05 3.05 3.05 3.05
(—25,2) 1.88 3.05 3.05 3.05 3.05 3.05 3.05
(20, 0) 2.04 1895 891 3.63 271 3.39 6.98
(—20,0) 2.04 1895 891 3.63 2.71 3.39 6.98
(10, —12) 1.39 3.86 3.86 3.86 3.86 3.86 3.86
(—10,12) 1.39 3.86 3.86 3.86 3.86 3.86 3.86
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Fig.5 The phase trajectories of a dynamic system using NTSM control with different initial state values
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