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Adaptive high order-sliding mode control of the electronic throttle for
marine natural gas engines

Yao Chong, Liu Jianmei, Long Yun, Dong Quan

( College of Power and Energy Engineering, Harbin Engineering University, Harbin 150001, China)

Abstract : The electronic throttle of marine natural gas engines belongs to the category of nonlinear control. And the boundary of high-
order sliding mode control is difficult to estimate. To address this issue, a novel adaptive high-order sliding mode control algorithm is
proposed. An adaptive strategy based on the phase plane trajectory convergence process is designed. To increase the practicability of the
control algorithm, the detection region is designed based on the adaptive algorithm. The control gain is dual-directional regulation by
judging the relative position of the phase trajectory and the detection region to prevent the control accuracy from reducing due to excessive
gain. Especially, a robust differentiator is used to estimate the derivative of the sliding variable in the controller. Finally, three test
schemes are designed to compare the algorithm with the traditional high-order sliding mode algorithm. Experimental results show that the
proposed algorithm can improve the system response speed by 35% and reduce the root mean square error by 37.5% under the step
signal. For the sinusoidal signal, the maximum steady-state error and the root mean square of steady-state error are reduced by 30% and
22% , respectively.

Keywords : higher order sliding mode control; adaptive control; electronic throttle; robust differentiator

— A ET R, T ET REERIT AL E S
R USRI RIS A ET BRGSO,
SEBU/INGTIERAS AL B BR R 8 B O IRXE, [RE XE T

0 35

i

HL T35 Celectronic throttle, ET) EMFH RIS K
SPLAYEEAL AT AL, B 38 8 5 K S pLGT N R
HEORAF A A A S AL s BA Lb DASR & AR A0 09 3l 1k P AR
PERZTEE . Ry 1 03 IR A ] 2 Sl WL A i P A Y 2K

S H 1. 2021-04-15 Received Date: 2021-04-15
* AT H L E K [ ARBLE I 4: (51879056) 1 H 9 Bl

FHET #5H R G0, TRk B o i G b s 7
ET #6750, BN Sb #1347 TIRAWESE, JF 5
Lyl oy i, EBEALRE Je i PID 5N W B ( sliding
mode, SM) Fasthil > R Al



240 U #H £ ¥ W

Horpr, SM 4R i 4E S AE 2 Ve R G2 A R0 B 1 1
HEHY BRI R AR A A, A L T A SE R PID
PRI, SM 2 I A T 0K i B AR TR RN At S 8K, T 0 A2
1 ET R4, SM 456l BA R A H, SCER[ 5 ] i 45
FLFNSLE UESE TR ET REEH SM &l L £ 58 P12 4]
PRI AR, L, 2% E X SM = 6l7E ET
R BT T ZWA MR, SCER[6]1& 1T T ET
AR SE R AR A R R B SRR R A SMOULI g R Al
TRREAE B fJm i 2o S0 o AT e, SCHk[ 7] R
THEE ET RGN SR T RO Y E 3 N 2
Ui SM AT A5 , & L AG AR Bl 1 ] i A R v
RGNS, SCHR[ 8 ]2 13k G R G B A S s T
R R e AR R T R T AR A R
Zeuin SMBIR 1Y 42 Jay PR W S 1 4 , O 38 ek S5 A
TR T ET R G0M 0 R

IRSCHERIER A T — By SM i, )i ] RxfE LA okt
B, TE SM R LPR iz T, BHIR LG 5 FRAR A
SRR VIAR O, 25 5 fil & R G 09 R JEAR B2 AT
R E0R BT RERYIFIZEH, THBREHRI ik E 5
A 3R AEEAE TR LA SR BRI AL =
?’ﬁ’*ﬁ(high order sliding mode, HOSM) skl Horh s wE H
(77 IE 2 HOSM 5, HOSM $& il & —Fh HLA 1% 24 il
SR O s, A RO BRBHR )8, SCRR[ 11 ] 2T
HOSM BE I T I SE4% il &, 18 id (5 B S S6 uE ] 1%
P 45 B A A8 /N B (0] 8 B2 v T RIS B, SR,
HOSM #5548 ET 12 AR SRAAAE I, HOle s 1F
T LR RGBS AT A G 7R SEBris FH HE
IS ET REMshin it i sk Al i
i RO i R R R RE T AR R R

BEXF B 3A [R) 8, A SCHR Y — FE S N B A
(adaptive high order sliding mode, AHOSM ) 73| J#& il &
o MR RGART T HUE WSO R, A 3 N A
R RS . JFFEET Lyapunov 2 HERH T % M 38 R 58
ARG TE . SR T A o S A S P, 2D B T
RGN DX sk, S 7 45 T 4 5 (0 0L e 3 4 B SRR Y S
FHBME . 5m 38 EAN SRR L, 30 1 %4 i 4 iE
i ) B 412 i 775 T4 DA AR 1 S

1 TEITHFER

ET 2% i HL o LB 3 2 AR, R e 45 4 1 4
B 1 s, AR A SR ARG L F ML, BILBRGES 3 He 14 4
R B R A AL T I A B A L, AE P R R
IR RN EAE S T H RIS H 5 5 A i
HLIK Bl f ., T A AL o 14 e A o ) 3 DT 52
M ET RGN E AR,

B2t
- o8 L
R L w7, AT A ,
T ;
O b
u Q-{) T
", I,

Kl 1 ET R&Eu45H R

Fig. 1 Schematic diagram of the ET system
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