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Abstract: Sliding mode control (SMC) as a nonlinear control method, exhibits robustness against external noise
disturbances and parameter variations, and has been increasingly applied in recent years to the active suppression of
Limit cycle oscillations (ILCO) in wings. This paper first investigates the factors influencing the stability of the slid-
ing mode control system using frequency-domain analysis. The results indicate that the system's stability is related
to the sliding surface parameter ¢, but not to the sliding mode approaching law g(7). Furthermore, through time-
domain analysis, the effects of different approaching laws, constant approaching law, exponential approaching law ,
power approaching law, and their parameter variations on the amplitude of the limit cycle and the convergence time
of the system are examined. Based on these findings, three forms of SMC control laws are applied to a two—-dimen-
sional airfoil section with freeplay nonlinearity. The case study results show that the choice of different approaching
laws and their parameters does not affect the stability of the closed—loop system (i.e., the velocity range and ampli-
tude of the limit cycle). However, increasing the parameter e of the constant rate approaching law reduces the sys-
tem's convergence time while increasing the amplitude of chattering. For the exponential approaching law, increas-
ing the parameter 5, (or decreasing ¢,) reduces both the convergence time and the chattering amplitude. As for the
power rate approaching law, increasing the parameter », within a specific range reduces the convergence time and
the chattering amplitude, with a more significant reduction in chattering amplitude compared to the exponential ap-
proaching law.
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Fig.1 Two-dimensional airfoil **’
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3.2 EHEBILE

X (4) R A BRAE LM RS, 46 REW)
IR =010 0", it i =X (13) F7 7% ¥ 485 4 1l
L BB S e BT AT AR R G
RE T8 B ( F2 G0 A% SR BRI (L L S S I 3} 4% et £
2 FT s, Hop=0 B 0 48 %50k T A D AR

2 RONERERE AR (FEROR )

Table 2 System performance indicators

(exponential approaching law)

WBRER . B FREREE 35 m/sHE 25 m/sHf 25 m/sfE
e o JETH/ JEERRR/ WU/ DAY B iE

(m+s™") (ms™) () mrE/s o fEH/(C7)
5.0 0 29.4 39.2 7.7 7.4 2.0X10 ?
4.5 0.5 29.4 39.2 7.7 3.0 1.9%10°?
40 1 29.4 39.2 7.7 2.1 1.6X102
3.5 3 29.4 39.2 7.7 1.6 1.4X10°2
3.0 2 29.4 39.2 7.7 1.5 1.2Xx10°?
2.5 2.5 29.4 39.2 7.7 1.3 1.0X10°2
2.0 3 29.4 39.2 7.7 1.3 8x10°°

200 i A 35 m/s B, &R G kAR R PR R AR
i, MG D ERE 3t 2 dn [ 8 B s o 2 ok i B R
25m/s I, Z GENCEL, IF AR A I3 28 A0 &) 9 B s
A A B 385 26 AN 1B 10 B o S5 AR BOR L S 8 e o
149 75 Ak 0T B B B RS S LG R ) 5 > P PR R SR A
S — R AW R IAIR BB, S8 e o 19 AR L XT
e PR A i {8 TG 5% ) 5 >4 AL 2R R SR O SR, ey 3 Bt
Kl etp=c, 8 p 8K (B e /N ), W ST ]
e, AR (BN
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3.3 Br#EiEE

X (4) Fros M BRAE M R GE 4R € RG]
IR =010 0", Jii i =X (18) Fr 718 ¥ 455 4 il
R T S e, WO TR Y T AR RS
AE 1 b ( 52 G4 BR BRI (L L We S0 ) 4344 W {0 4
F 5 R (AL [ 7€ e,=5 A8 ) , 24 5,=0 I (Y 45 %
A I B A% T G

# 3 RGUMERESR AR CREUGBITHY)

Table 3 System performance indicators
(power approaching law)

M BRFFH A PRER . 35 m/sHE 25 m/shif 25 m/sfE
e 7, JETFW/ JEER/ UM/ WANE R R

(m-s™) (m-s™") () i ] /s /(%)
5 0 29.4 39.2 7.7 7.4 2.0X10*
5 0.1 29.4 39.2 7.7 5.9 1.1x10°*
5 0.2 29.4 39.2 7.7 4.6 5.5X107°
5 0.3 29.4 39.2 7.7 3.6 2.2Xx10°°
5 0.4 29.4 39.2 7.7 2.7 6.4x107"
5 0.5 29.4 39.2 7.7 2.2 L1x10°*
5 0.6 29.4 39.2 7.7 1.6 8.0x10°
5 0.7 29.4 39.2 7.7 1.3 1.0Xx107

WSk i T JE N 35 m/s I, B G & A R B R R
i, e O BT el R A PR 1 RS L 2R U JE O 25
m/s B, ZRGENCSI, IREATD e S5 it £ f P 12 R
A Ot B 380 R A 1 13 B, T AR - S8 es o 1
75 Ak, Xof A B BA B S TR TG 5 ) 5 24 A 3R R 4 A
— B W R ER AR B B, 2 B e, L, 9 B fb K B
IR A g (L TC 52 W) 5 4 A 3 2R e MU SR, 7 R 4 1
P, S8 K WS T R R R (R HL
SN CRENISR A S A R E < Bl L
B3,
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