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Abstract: [ Objective] To address the issues of speed

fluctuation, additional load disturbance, and insufficient
driving robustness in airport roller serpentine conveyor
vehicles during large-inclination ramp conveying, this paper
takes a single electric drum drive unit as the object and
proposes a composite anti-disturbance control method based
on parameter scheduling and feedforward-observer for
permanent magnet synchronous motor (PMSM). [Methods]
Firstly, the medium-speed operating condition was determined
based on the drum diameter and the engineering conveying
speed range, and a vector control model for the single-drum
PMSM was established. Secondly, an equivalent ramp load
model related to the slope angle was constructed, and the
proportional-integral (PI) parameters of the speed loop were
designed with the slope angle 6 as the scheduling variable,
enabling the controller gain to be adaptively adjusted with the
inclination angle. Then, the calculable ramp load was
compensated into the g-axis current command through gravity
feedforward to reduce the feedback regulation pressure on the
speed loop. Finally, for the unknown additional disturbances
remaining after feedforward compensation, a residual
compensation structure of a direction-adaptive sliding mode
disturbance observer (SMDO) was constructed, and effective
g-axis compensation current was generated through
disturbance estimation bias correction, slope-direction gain

adjustment, and compensation current limiting. [ Results ]

The simulation results indicated that under the variable-
inclination conditions of 0°—8°—16°—24° uphill and 0°—
-8°—-16°—-24° downhill, the maximum speed deviation
was reduced by the parameter-scheduled field-oriented control
(FOC) compared with the fixed-parameter FOC, and the
improvement became more obvious with the increase of the
inclination angle. Under the condition of +24° ramp, the
speed deviation was significantly decreased and the output
burden of the speed loop PI was greatly reduced by the gravity
feedforward. When unknown additional disturbances were
superimposed, the speed drop under wuphill resistance
disturbance and the speed overshoot under downhill assistance
disturbance were respectively reduced by the direction-
adaptive SMDO residual compensation. [ Conclusion] The
proposed composite anti-disturbance control method based on
parameter scheduling and feedforward-observer improves the
speed maintenance capability of the single-drum drive unit
under variable-inclination angles and additional disturbances,
and provides an executive-layer control foundation for
subsequent research on multi-drum coordinated control.

Key words: airport roller serpentine conveyor vehicle;
permanent magnet synchronous motor; parameter scheduling;
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Fig.5 SMDO compensation current responses

under different compensation current limits
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Fig. 6 Speed deviation responses without SMDO and

with a 3 A compensation current limit
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Tab.5 Comparison of SMDO compensation performance

under different compensation current limits

TH Lo max” A i L/ A g pr [FIE/A
0 0 4.776
2 2.000 2.791

3k 3 3.000 1.911
4 4.000 1.152
5 5.000 0.785
0 0 4.598
2 2.000 2.614

T 3 3.000 1.738
4 4.000 1.110
5 4.556 0.950
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Ly =3 A R, EYERT S TOF [, |31E
39 H G SMDO #MIRFHY 4.776 A i1 4.598 A [i%
2 1.911 A Fi1 1.738 A,3KH] SMDO 5% 2= #MERg %
A RO PR R R A, ARSERER
A HE— 2D RE G P P AME B S SR Y
5, O B B B A Tt B SR [RBIE PR
ARSCHCL, =3 A VERAR SRR O 5 $UAT 2
A Z R T .

TEE 6 B 45 sh T 0 3L hl b gk — 2%
AR sh W AE 2E AT 4R PR AL GE T, 5 SRk 6

fis . Ho, BT AR A Aw,,, Ao,
YENPEM bR, BB TH R, S T, =+2,+5,
+8 N-m A, 77 [a] 3 i SMDO 5% 22 %2 43 531 i
Aw,,, FEAK7.66% .3.13% F1 1.96% ; F 3% T4,
M7, =-2,-5 -8 N-m B, Aw,. 4> W FEAT
7.75% 3.11% F1 1.95% . 45 B R0 2 3% 0455
PSS IZAME SRR 7E L 3 BH ) BUAR B AT
I BB RIPE BT 3 5 AR TE W ) B AMEEAE
S T 00T B 2 o 0 22 3945 B BRAIK, B & P 3h
MBI TR, vt S DR M F 3 PR 7 2R 41K

®6 AHEBIERN SMDO B%EMEFINEFELER

Tab. 6 Disturbance matrix results of direction-adaptive SMDO residual compensation

Ly Yo eEE

THTAME TYMEE

| T b (Nom) Aw,,,/(rad+s™") Awy,,,/(rads™) A Aw,,/(rad-s™") Aw,,./(rad-s™") s
2 1.325 9 1.224 3 7.66 1.300 5 1.199 7 7.75
5 33234 32192 3.13 3.235 1 3.1345 3.11
8 5307 8 5.2040 5.148 6 5.048 1 1.95

3.4 AEFEHBEEN RS
B&H

ATV A AR o T 5 A 2k n e 7
7R o =l sl it O S FA7 B o T 2 43 %o
T A [F) S0 4 T B0 A8 AL AN sh R U

H 3R 7 AT FEAR A O , 250 E FOC
REAZ REAATT A D)4 5 A 1 2 ol Ml 25 5 76 I3]0 e
TR FE T ] AR A PO b

IRMEERIE

RS ASRIE R B MM N4 sh 5 , SMDO 5k 22
KM REARL E— 25 DB 38 12 B0 S 5 1 G 4H 2k
HEH G BRI i R, —F LAl B
Je ¢ R PR MR R R LA DA ERASE | £ T S 4L
RAFIE(E HA 5 8 TR 55 17 53— 2
SMDO MR 3 77 1] Bl 1) 19 365 17 3] 8%, -3 it
L PPAMEEHLRIEATBR IR, b 3 S5 L R I
T AR RSB sh J7 10 T AR 2B AT,

x7 FEESEEMNER>TEEEGEH

Tab.7 Functional division and combination conditions of different control measures

Pl 1 FERIXF 4 HE AT
ARy S0 BE FOC W R A | A PR T AR 5 A8 Al K, (0) \K(8) WIEHA G
I AR RSGE TR T, ERE AA T ARA W5 1 5 3 ) — 2L
J5'1n) H3& I SMDO #hMz RIS T, EEAGEAL AL AN A5 22 18 T 67 48 B AL, 27 o B 39 1) 4]
M L PR BRI SMDO TEARY g Slikh LR il S R A I R

Zi b TP S S S RS A AL I | [ E
SGE M IPE sl 26 1T 200 k4 2 B0 v A
THAME G Z SRR

4 Z5iF

][] ML 37 W T2 VR ] 4% 3% 7 4 BT ) 0K B B
JC, N T TR FE T A PMSM 2%t 7 i 4% AU |
P —FP S EOR E SR — I 2 AP oy

%o DIEASREW] fE LR R e i Tol T,
ZHOIASE FOC AHLE 1] 2 S8 FOC 4 RERE R B K
i 22 | ELAGUR ASOR Bt B W A s 75 [ 5 +24° 03¢
IETOCT B THT S REAS ] 20/ N s 22 , JF R
W AR T B 2R P i ) 57 4L, B0AIE 1 2 N0 B 4%
R AMEE AT 2800 5 FIE B SMDO 5% 22 AR 45
A A LA I 35 4 £ 3 N I PR
WA= AR ¢ BAMERLIR . ASOT RS BORE S

© Editorial Office of Electric Machines & Control Application. This is an open access article under the CC BY-NC-ND 4. 0 license.



e A, 4 LR A A A A A8 A 00 oK [ 20 AL S e i it e

Gao Jianshu, et al; Composite Anti-Disturbance Control of a Permanent Magnet Synchronous Motor for an Airport

1082

Roller Serpentine Conveyor Vehicle under Variable-Inclination Conditions

Rt — WL 2 & AL P 05 4 BERE AR i R fT 9K
B BATTAE AR AR S BNl 2605 T B s R AR 15 E
43, h e Sk 22 R D[R] 4 i F 5 B SR AT J2 4%
il HE A

F g5 = =R
A 1EE 75 AAAEAEF 25 0P 2
All authors disclose no

relevant conflict of

interests.

{E& Tk

R SERL T 7 S8ucit O FLAE LA A e 56
ERRESCHIRR RS, S W RIE S 5IE3CH
%, BrA M Y S R T iR AR 1

The scheme design, simulation model
development and verfication, and paper writing were
carried out by Zhu Yuxuan. The manuscript was
revised by Gao Jianshu, Zhu Yuxuan. All authors
have read and approved the final version of the paper

for submission.
S £ X #k

I RIS R B i HL S ot BE £ Bt e FH 3¢
FRCESE R (A7) [S]. dbat: PR R,
2015.

[ 1]

Civil Aviation Administration of China. Guidelines for
the configuration of special equipment for flight
[S].

Civil Aviation Administration of China,

support at civil transport airports ( Trial )
Beijing ;
2015.
Zhang D Y, Zhang Y, Yue Y B, et al. Optimal
design of robust control for belt conveyor systems
based on fuzzy dynamic model and Nash game []].
Journal of the Franklin Institute, 2024, 361 (11):
106925.

Kozhubaev Y, Novak D, Karpukhin V,
Research on monitoring and control systems for belt

Automation, 2025, 6

et al.

conveyor electric drives [ J].
(3): 34.

[ 4] Zte, EAE, MRAA, 5. T RIRIERESHE
il B K RE T A0 v ML 7 2 I TS [ 0], AL
H¥HN A, 2025, 52(5) ; 527-539.

LiY H, Wang Z C, He Y X, et al. Field-oriented

[10]

[11]

control of permanent magnet synchronous motor based
on super-twisting sliding mode control [ J]. Electric
Machines & Control Application, 2025, 52(5) ; 527-
539.

LR, B 2. kT AL AL IE LESO B
PMSM Jofi AL AR FE[ T ], A bl S 42 L
H, 2025, 52(7) . 778-787.

Ma Y X, Zhao C H. Research on PMSM sensorless
control of LESO based on phase lead correction [ J].
Electric Machines & Control Application, 2025, 52
(7) : 778-787.

Lu M L, Werren D. Time study for the power stow
roller track conveyor for airport baggage handling
[ C]// Proceedings of the Human Factors and
Ergonomics Society Annual Meeting, 2023, 67(1):
829-833.

Sorensen R A, Nielsen M, Karstoft H. Routing in
congested baggage handling systems using deep
reinforcement learning [ J]. Integrated Computer-
Aided Engineering, 2020, 27(2) : 139-152.

Yang T, Du Y W, Li B, et al. An enhanced
equivalent input disturbance approach to current
control of PMSM with periodic and
[T]. China
Sciences, 2025, 68, 132205.

KGR, AR KGR D B ALTC AL AL AR R
M ARBEFEERIR[T]. EHLS RN, 2024, 51
(1), 1-13.

Zhang G Q, Du J H. Review of position sensorless

aperiodic

disturbances Science Information

control technology for permanent magnet synchronous
[J]. Machines &
Application, 2024, 51(1) . 1-13.
BOCHE, RS B3, 55 Bk sOum &
FL I PR A 2 0K 5l PMSM ooy B A&k da il [ )]
HL A AR 2R, 2024, 39(4) ; 987-995.

Zhao W X, Song S C, Zhou S W, et al. Sensorless

motors Electric Control

control of current source inverter driven PMSM with
improved sliding mode observer [J]. Transactions of
China Electrotechnical Society, 2024, 39(4) ; 987-995.
FARIE, TREE, RO, S5 B TRIRBE I AU
o B RU =R 7 B ) 200 FRL AL P R o 0 42 ) 52
ELI]. LSRN, 2025, 52(5) : 562-571.
Gao Z L, Zhang P, Zhou S W, et al. Robust model
predictive control algorithms for dual three-phase

permanent magnet synchronous motors based on

super-twisting sliding mode observers [ J ]. Electric

© Editorial Office of Electric Machines & Control Application. This is an open access article under the CC BY-NC-ND 4. 0 license.



HAL

SEHII, 4553 4%, 510 4]
Electric Machines & Control Application, Vol. 53, No. 10, 2026

1083

[12]

[13]

[14]

[15]

[16]

[17]

[18]

Machines & Control Application, 2025, 52(5) ; 562-
571.

HURAS, BUIRE, BOp#, 55 sl R K
(e 205 AL ST 3k 2 4 o [0 ] PR AL o B
2025, 52(1): 94-105.

Hong J J, Zhao M L, Huang L Z, et al. Predictive
speed control for permanent magnet synchronous
motors with disturbance compensation [ J]. Electric
Machines & Control Application, 2025, 52(1): 94-
105.

Wang Y H. A robust observer-based speed control of
permanent magnet synchronous motors based on non-
(1]
Electrical Engineering, 2025, 107 9283-9293.
FEAEIN, RGN BT o0 B e A LA Sl L
Al PMSM JOHSE B2 i A BT [T ], AL 1
T, 2024, 51(10) ; 51-63.

Cheng M K, Chu J B. Research on model-free control
PMSM based on

singular terminal sliding mode observer

algorithm  for fractional-order
extended sliding mode disturbance observer [ J].
Electric Machines & Control Application, 2024, 51
(10): 51-63.

AR, AR RO TR A ) IR 2R e R 5 O AR
FAMEITEDIFEL ], LSRRI, 2022, 49
(1), 22-27.

Li H D, Li C B. Research on friction and disturbance
compensation of permanent magnet synchronous servo
[T &  Control
Application, 2022, 49(1) . 22-27.

XIMREL, &aTE, BN, 55 PR /R SN &
TR EEFAE AL S R T]. T
HAR2EH, 2025, 40(8) : 2488-2503.

Liu D L, Zhao J Y, Dong X H, et al. Research on

system Electric  Machines

load disturbance suppression technology of permanent
magnet synchronous motor under extended Kalman
filter [ J].
Society, 2025, 40(8) : 2488-2503.

RNl A WL 48 ) KR T 20 H BIL R O A
Bl AT LT ] AL S ERINI, 2025, 52(6)
690-699.

Transactions of China Electrotechnical

Liu X J. Research on current sliding mode controller
with full-order observer for PMSM [ ] ].
Machines & Control Application, 2025, 52(6) : 690-
699.

Ran Y K, Qiao M Z, Sun L C, et al. Review of

Electric

position sensorless control technology for permanent

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

magnet synchronous motors [ J].
(9) ; 2302.
Liu L, Dong H, Xu X B, et al. Improved sliding

Energies, 2025, 18

mode disturbance observer-based model-free finite-

time terminal sliding mode control for IPMSM speed

ripple minimization [ J ]. Control Engineering
Practice, 2025, 155. 106178.
Zhang 7, Chen Z R, Li N, et al. A dynamic

convergence second-order sliding mode control
structure for PMSM with an observer based on a novel
sliding mode reaching law [ J]. Control Engineering
Practice, 2025, 164. 106504.

Moulai L. A, Zaihidee F M, Mekhilef S, et al.
Implementation of deep reinforcement learning in
permanent magnet synchronous motors control; A
review [ J]. Annual Reviews in Control, 2025, 60;
101014.

Tuyen T T, Yang J, Liao L Q, et al.

advances in sliding mode control techniques for

Recent

permanent magnet synchronous motor drives: A
review [ J]. Electronics, 2025, 14(19) . 3933.
REPW >, A, £, 45 BTHRAY K
ARSI % 14 7K 1 ) 26 HE LR B s LA — B ¢
SR A RS (T, B T ROR 2R, 2024, 39
(8): 2434-2448.

Dongye Y L, Yang S Y, Wang Q S, et al. Enhanced
extended state observer based second order terminal
sliding mode current control for permanent magnet
synchronous machine with low chattering and
improved disturbance rejection [ J]. Transactions of
China Electrotechnical Society, 2024, 39(8) ; 2434-
2448.

Ding F F, Liu X D. High-order fast fixed-time sliding
mode single-loop control for PMSM with disturbance
compensator [ J ]. Control Engineering Practice,
2025, 164. 106509.

Qu L Z, Qiao W, Qu L Y. Active-disturbance-
rejection-based  sliding-mode current control for
permanent-magnet synchronous motors [ J]. IEEE
Transactions on Power Electronics, 2021, 36 (1)
751-760.

Yim J, You S, Lee Y, et al. Chattering attenuation
disturbance observer for sliding mode control:
Application to permanent magnet synchronous motors
[J]. IEEE Transactions on Industrial Electronics,

2023, 70(5) : 5161-5170.

© Editorial Office of Electric Machines & Control Application. This is an open access article under the CC BY-NC-ND 4. 0 license.



TR, 45 LR R QM A ity A2 S A T 00 T AR e R 20 LA S e P i 5

Gao Jianshu, et al; Composite Anti-Disturbance Control of a Permanent Magnet Synchronous Motor for an Airport

1084 Roller Serpentine Conveyor Vehicle under Variable-Inclination Conditions
[27] Tang S, Shi T, Cao Y, et al. Simultaneous [30] BRE&, XUEZE. JEFP0H0 1 ae iy 2k =Xk

[28]

[29]

identification of load torque and moment of inertia of
PMSM based on variable structure extended sliding
mode observer [ J]. IEEE Transactions on Power
Electronics, 2024, 39(7) . 8585-8596.

BRE AL, sKars, XUHAR. BT A8 458 3 v 2%
AR KR R AP R L PR PE RE I AR PRl [0 ). LS
FEHIRI, 2025, 52(2) ; 148-158.

Chen Y Z, Zhang L. J, Liu X D. Preset performance
sliding mode control of permanent magnet
synchronous motor based on time-varying disturbance
observer [ J ]. [Electric Machines & Control
Application, 2025, 52(2) . 148-158.

KRS, MR, EIM, 5. 2T BRI
LY SPMSM HE AR [ 7], ru ML S 5l A
2025, 52(2) . 201-209.

Liu P P, Wang Z G, Wang S S, et al. Sliding mode
control of SPMSM using an improved double-power
reaching law [ J]. Electric Machines & Control
Application, 2025, 52(2) . 201-209.

IR A AL o s L i SRR T 4 [T ], A
HLE IR, 2025, 52(2) : 171-180.

Chen Z F, Liu Y C. Model predictive control of duty
cycle control set for surface-mounted permanent
magnet synchronous motor based on anti-disturbance
prediction model [ J]. Electric Machines & Control
Application, 2025, 52(2) . 171-180.

ks H 9 :2026-05-27
R BBk H 11 .:2026-06-25
TEZFA
FEEM (1966—) , B H+ BFE B WESE T 1A B A

IR & FF B R R E LR R R S B AR E
ML LSRR 5 A B R ,2909488508@ qq.com;

*BIHEVER RN (2001—) , & L AF 5 A4 W3S 0
Tia] Ay K R ) 25 AL o) AL A i 2% 2 4% v SR B R e s il
2024022208@ cauc.edu.cn,

© Editorial Office of Electric Machines & Control Application. This is an open access article under the CC BY-NC-ND 4. 0 license.



