Hx & x = % 5 xR Vol.x No.x

xxxx & x B Control and  Decision XXX. XXXX

ETF STSMO 5 Bi& M2 f2RY
SR DB S B RIEH 5 E

(M2 K5 2l TR, ME% 211600)

o A SO P LA AR R G R A AE RO RHIR ™ L B A N 218 K BT AR AN A5 1), SR T — R
TR R BRI A5 5 O N 1 DR A 2 B R T AR ) 7 2 (AT-FO-FHISMC). J@id @ 37 &%
| PRI AR, B2 T =B e UL U 88 %o R G B R B R AT S WL 5 kM, DA D) 4 1 25 46 o 4L
B R 43 ¥ A THD S D53 B Oustaloup S 3%, HE— D iy SRR H 3 58 R G0 & #5, F 58 A Lyapunov £25€ PEIE
B F5 8 T 05 B R SR IR G T &, 15 BL45 BB oR, AT-FO-FHISMC 7E i BRER B A2 o, TT4E 47ms P SEELAE
& BLIGH, R TR a1 s (ISMC) B 63ms 143 HF 43 0% M AR 43 T B4z i) (FO-FHISMC) ) 56ms. ik 4%
g LB IR, AT-FO-FHISMC [ _E T+ (8] 24 52ms, W58 340 T % Lh 3 il /5L 1 77ms F1 65ms. 1% 7 iR T sh 45
M SR B 400 o B4R 0 38 SR TP RE 7 07 TR I AR S 4 A PR R, S Bl UL R At B AR IR R G 1 v M A
MR T VI SERTAT IR RTT R

XHEIR): SREAL: S ET IR BUMEEBEH RIS B &R

FEDES: TP273 XHkFRER: A

DOI: 10.13195/j.kzyjc.2026.0082

SIAER: TR, BRvE, S, 55, 22T STSMO 5 [ I& i 2 1 23 BBl Fi b 7 B0 m B v S ol 7 vk (0], 4%l

5K, xxxx, X(X): XXXX-XXXX.

A fractional-order high-order SMC for voice coil motors based on
STSMO and adaptive tracking law
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Abstract: This paper addresses the issues of severe chattering, slow dynamic response, and insufficient interference
immunity in voice coil motor servo systems by proposing a fractional-order high-order integral sliding mode control
strategy based on a super-spiral sliding mode observer (STSMO) and an adaptive hyperbolic tangent approach law. By
establishing a local model of the voice coil motor, a third-order superhelix observer is designed to perform real-time
observation and compensation of the system's lumped disturbances, thereby reducing sliding mode switching gains.
Combined with a fractional-order integral sliding mode surface and an improved Oustaloup filter, this approach further
suppresses high-frequency chatter and enhances system robustness, with Lyapunov stability proven. A simulation and
hardware-in-the-loop test platform was established. Simulation results demonstrate that during step tracking, the AT-
FO-FHISMC achieves stable performance without overshoot within 47 ms, outperforming the 63 ms of ISMC and 56
ms of FO-FHISMC. Experimental results reveal that the AT-FO-FHISMC exhibits a rise time of 52 ms, significantly
outperforming the 75 ms and 65 ms achieved by the comparison schemes. This approach demonstrates outstanding
comprehensive performance in enhancing dynamic response speed, suppressing chatter, and strengthening interference
resistance, providing a practical solution for high-performance control of voice coil motors and other direct-drive servo
systems.
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