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A Speed Observation Strategy for PMSM Based on Fuzzy PI-MRAS

ZHANG Pan, ZHAO Shiwei, YANG Xiangyu
(School of Electrical Power Engineering, South China University of Technology, Guangzhou 510640, China)

Abstract: To improve the observation accuracy of the traditional model reference adaptive system ( MRAS) speed estimation
method and extend its operational speed range, this paper proposed a novel MRAS observer-based speed estimation strategy that
employed a fuzzy Pl parameter adaptive law. This approach aims to achieve high-performance operation for sensorless permanent
magnet synchronous motor (PMSM) systems across a broad speed spectrum. Firstly, the Popov hyperstability theorem was ap-
plied to design an MRAS observer using stator currents in the synchronous rotating coordinate system, ensuring robust stability.
Secondly, to overcome the limitation of traditional PI adaptive laws, which struggle with accurate observation over wide speed
ranges, a fuzzy logic reasoning mechanism was integrated. By using the absolute values of current error and its rate of change as
inputs, this method dynamically adjusted the PI parameters of the MRAS observer in real-time, thereby minimizing speed esti-
mation errors. Finally, simulation and experimental results demonstrated that this proposed method could provide precise and
rapid speed estimation across the entire operational speed range, effectively expanding the motor’ s operational speed capabili-
ties.

Key words: permanent magnet synchronous motor; model reference adaptive observer; popov hyperstability; fuzzy control
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Research on Control Strategy Technology of Elevator Permanent

Magnet Synchronous Drive System

QIN Shiming, QIU Hongwei
( Guangxi Special Equipment Inspection and Research Institute, Nanning 530200, China)

Abstract: The chattering phenomenon of the elevator permanent magnet synchronous drive structure is obvious, generating un-
certain state variables and disturbing load torque. To improve the anti-interference ability of the elevator permanent magnet syn-
chronous drive system, a control strategy technology for the elevator permanent magnet synchronous drive system was proposed.
Based on the operating mechanism and speed loop characteristics of the elevator permanent magnet synchronous drive system,
an improved self disturbance rejection controller consisting of a nonlinear differential tracker, an extended sliding mode disturb-
ance observer, and a fractional order PID controller was designed to control the mechanical angular velocity of the permanent
magnet synchronous motor; Using the expected mechanical angular velocity of a permanent magnet synchronous motor as input,
obtained the differential result of the input through a nonlinear differential tracker; The extended sliding mode disturbance ob-
server estimated its state variables based on the mechanical angular velocity output value, and calculated the control error by
controlling the state variables through the control law of the extended sliding mode disturbance observer; Input the output result
of the controller into the Fractional Order PID controller, optimize its control parameters, and combined calculation error to
control the speed loop, reducing the impact of load torque. The experimental results show that when the proportional, integral
and differential parameters of the PID controller are all 0. 45, respectively, the speed error range of the elevator permanent
magnet synchronous motor controlled by this method is reduced to within + 50 r/min; When the load torque is disturbed, the
elevator permanent magnet synchronous drive system can immediately reach the rated speed within 0. 1 seconds.

Key words: ermanent magnet synchronous motor; elevator; permanent magnet synchronous drive; system control; self dis-

turbance rejection controller; speed tracking error
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Three-terms Model Predictive Current Control of High Voltage
Circuit Breaker Driven Motor

SU Yi, GAO Lei, LU Yufeng, LI Baofeng, HUANG Wei, RAO Xiajin
( Guangxi Key Laboratory of Intelligent Control and Maintenance of Power Equipment, Electric Power Research

Institute of Guangxi Power Grid Co. , LTD. , Nanning 530023, China)

Abstract: The operation of high voltage circuit breaker driven by permanent magnet synchronous motor has the advantages of
simple structure, high reliability and controllable operation process. In order to obtain fast and accurate torque response of
PMSM drive mechanism and improve the parameter robustness of PMSM, a novel three-terms model predictive current control
method was proposed. The current prediction error term, control voltage output term and uncertain parameter estimation term
were considered comprehensively to select the cost function, and the designed predictive current control law can reduce the in-
fluence of parameter uncertainty on the accuracy of current prediction. Through simulation and experiment, the validity of the
proposed method was verified. The results show that the proposed method can ensure the speed and accuracy of the operation of
the high voltage circuit breaker driven by permanent magnet synchronous motor.
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Circuit Design of Motor Comprehensive Protection Based on
Self-locking Interlocking Principle

QIU Yongsong, ZHANG Fangyang, HUANG Xin
(City College of Huizhou, Huizhou 516025, China)

Abstract: Motor is the most important power source equipment for national production and life, but in the process of use, often
due to motor winding short circuit, power supply instability, mechanical transmission system failure, heavy load and other rea-
sons caused by motor failure or damage, at the same time, the motor control loop power supply for optional three-phase power
supply one phase, when the other two-phase power supply voltage failure, When the control loop power supply is normal, the
contactor is normally drawn, and the motor’ s three-phase power supply imbalance leads to the motor burning. At present, the
motor protection device has a single function. In order to avoid causing major economic losses and personnel injuries, a motor
comprehensive protection device needs to be designed. This study proposed a circuit design strategy for motor comprehensive
protection based on self-locking interlocking principle to solve the problem of motor burnout caused by unbalanced three-phase
power supply and motor damage caused by overload, short circuit, overcurrent, mechanical wear and lack of equality during op-
eration. The implementation results show that the designed circuit can ensure the three-phase balance of the motor. The real-
time integrated protection of the motor can ensure the long-term stable, safe and reliable operation of the motor.

Key words: electric motor; self-locking; interlock; power supply imbalance; comprehensive protection
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Automatic Disturbance Rejection Control Algorithm for Brushless DC
Motor Speed of Electric Firefighting Robot

WANG Wenzheng'*, ZHONG Liangmin'?, YANG Mingxin'*, HUANG Zhenjie'"?
(1. Shenzhen NARI Technologies Co. LTD. , Shenzhen Guangdong 518000, China;

2. NARI Group Corporation ( State Grid Electric Power Research Institute) , Nanjing 211106, China)

Abstract: The control instructions of the power fire-fighting robot sensor transmitted to the motor driver via the bus have trans-
mission delays, resulting in a time lag effect in the closed-loop system. It is difficult to precisely compensate for dynamic dis-
turbances and affects the stability of the rotational speed. To this end, an active disturbance rejection control algorithm for the
speed of brushless DC motors of power fire-fighting robots was proposed. Quantify the coupling influence of the time-delay effect
on the dynamic characteristics of rotational speed and extract the motor disturbance factor. The time-delay perturbation factors
are integrated into the observable total perturbation through the extended state observer. Construct the first-order object of rota-
tional speed disturbance and obtain the dynamic characteristics of the disturbance. The optimal control gain coefficient was cal-
culated in real time by using the obtained disturbance dynamic characteristics. The double-layer anti-disturbance control struc-
ture of the rotational speed loop-current loop was adopted, and the calculated optimal gain coefficient was applied to the cooper-
ative suppression of adaptive time-delay disturbances and current disturbances. The experimental results show that under the
condition of sudden load addition, the rotational speed drop of the proposed algorithm is reduced from 400 r/min to 230 r/min,
the rotational speed recovery time is shortened, and the stability of the current waveform is improved.

Key words: electric fire fighting robot ; brushless DC motor; speed self disturbance rejection control; nonlinear model ; estimator
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Research on Neural Network Multi-model Control Method Based on
Internal Model Controller

TANG Jun', ZHANG Hao’, CHEN Weijun’
(1. School of Electronic Information and Artificial Intelligence, Sichuan Yibin Vocational And Technical

College, Yibin Sichuan 644000, China; 2. School of Intelligent Manufacturing and Information
Engineering, Ya’ an Polytechnic College, Ya’ an Sichuan 625100, China; 3. School of Electronics and
Electrical Engineering, Lingnan Normal University, Zhanjiang Guangdong 524048 , China)

Abstract: Because internal model control has the advantages of clear structure, simple principle, few control parameters, easy
adjustment and expansion, it can achieve a relatively satisfactory control effect by adjusting only one parameter according to the
change of the deviation signal. Therefore, this paper took the DC motor model with different orders and parameters as the appli-
cation background, and used multiple internal model controllers with adjusted control parameters to collect the input and output
data sets of each controller online. After optimizing the data sets, they were sent to the neural network for offline training, and
the trained network was used as a universal controller for multiple DC motor models. Matlab simulation shows that when control-
ling multiple DC motor models, this control method has no overshoot compared with multiple internal model controllers, and the
longest adjustment time, rise time and delay time are 0. 707s, 0. 449s and 0. 218s respectively. It not only has the single
model control capability of each internal model controller, but also has faster response speed and smaller overshoot.

Key words: internal model control; neural network ; multiple model controller; off-line training
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Research on SVPWM Modulation Algorithm of Double Three-phase
Transverse Flux Permanent Magnet Synchronous Linear Motor

XU Nan'?, ZHANG Kunlun'?, MA Heng'*, ZHANG Huixian'"
(1. Key Laboratory of Magnetic Suspension Technology and Maglev Vehicle, Ministry of Education,

Southwest Jiaotong University, Chengdu 611756, China;
2. School of Electrical Engineering, Southwest Jiaotong University, Chengdu 611756, China)

Abstract: For the problem of large common mode voltage of dual three-phase transverse flux permanent magnet synchronous
linear motor (DT-TFPMSLM ) , a new switching method for voltage space vector pulse width modulation (SVPWM) switching
sequence was proposed. Firstly, the large voltage vector and the medium voltage vector in the same direction were used in the
«-B space, and the reference voltage vector was synthesized with the zero synthesis vector in the z1-z2 space as the constraint
condition. Second, in order to suppress the amplitude of the common mode voltage and reduce the current harmonic content in
the a-B space, two small voltage vectors with the same action time and opposite directions were used to replace the zero voltage
vector in the a-B space. And the selected voltage vector can avoid the simultaneous action of the switches on different bridge
arms in the two sets of windings during switching, so that the PWM waveform was symmetrical. Finally, the effectiveness and
feasibility of the proposed strategy were verified by comparisons with two existing SVPWM methods.

Key words: transverse flux motor; double three-phase motor; space vector pulse width modulation; common mode voltage
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Cooperative Power Supply Control of Stator Segmented Permanent
Magnet Synchronous Linear Motor

WANG Yunkun, ZHAO Shouhua, SUN Danan, LI Gang
(CRRC Zhuzhou Electric Co. , LTD. , Zhuzhou Hunan 412000, China)

Abstract: The stator segmented linear motor powered by multiple power supplies can effectively reduce the equipment capacity
and improve the efficiency, demonstrating good economic feasibility in practical applications. This paper proposed general cal-
culation methods for power supply switching control and electromagnetic thrust synthesis in both long-stator and short-stator line-
ar motors under stator segmentation. These methods ensure stable electromagnetic ejection thrust during motor operation. By ac-
curately tracking the mover position, the proposed approach was universally applicable to power supply switching control in line-
ar motors, regardless of whether segmented stators were seamlessly spliced or spliced with gaps. Finally, the algorithm was exper-
imentally validated using a 36-segment stator-segmented three-phase permanent magnet linear synchronous motor control system.

Key words: device capacity; permanent magnet synchronous linear motor; stator segmentation; electromagnetic catapult;
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An Optimization Method for Back Electromotive Force of PMSM With an
Eccentric Unequal-width Magnetic Pole Structure

ZHU Wenlong, LI Quanwu, LI Wanzhao, WANG Haiyan, WANG Jingxuan
(College of Water Resources and Architectural Engineering, Northwest A&F University, Xianyang Shaanxi 712100, China)

Abstract: To address the issues of high harmonic content in the back electromotive force (EMF) and severe torque ripple in
permanent magnet synchronous motors (PMSMs) , an optimized eccentric unequal-width magnetic pole structure was proposed.
By adjusting the width ratio and radial thickness of adjacent magnetic poles, this method enhanced the sinusoidal quality of the
back EMF waveform and reduces cogging torque. An analysis of the effects of the unequal-width ratio and eccentricity on the
air-gap magnetic flux density was conducted, leading to the derivation of the Fourier analytical expression for the air-gap flux
density of the proposed optimized structure. Subsequently, the unequal-width ratio and eccentricity were jointly optimized using
the Non-dominated Sorting Genetic Algorithm IT (NSGA-II) to obtain the optimal parameter combination. Finite element mod-
els for four magnetic pole structures symmetric equal-width, unequal-width, eccentric arc, and eccentric unequal-width were
constructed to calculate and compare their back electromotive force (EMF) distortion rates and cogging torque, thereby valida-
ting the effectiveness of the proposed magnetic pole optimization method. The results indicate that, under identical operating
conditions, the proposed eccentric unequal-width magnetic pole structure achieves the most favorable optimization outcomes.
Specifically, compared to the pre-optimization symmetric equal-width magnetic pole structure, the back electromotive force
(EMF) total harmonic distortion (THD) is reduced by 28. 129% , the cogging torque amplitude decreases by 82.329% , the
torque ripple is diminished by 29. 143% , and the permanent magnet material usage is reduced by 1. 2% . This optimization ap-
proach effectively lowers the harmonic content of the back EMF while concurrently suppressing cogging torque and torque rip-
ple, thereby enhancing overall motor performance.

Key words: permanent magnet synchronous motors; back EMF; total harmonic distortion; unequal width poles; eccentric
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(1. BERFRAE, BN 310018 2. WRTKRIKmAEBE, B 310018;
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Nm A28 7B IE AT PR PE AR A PR RE . i R DEAR P HL s 2k (R it e sk o WP 4Rl oy BLDC AL
TEZ W GUR A S it T BRI i 2% .
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Vibration and Noise Optimization Analysis of Washing Machine BLDC Motor

JIA Shifang'**, ZHU Chuanhui*®, MEI Congli’, WANG Ying', PENG Tao’, CAI Kehao
(1. China Jiliang University, Hangzhou 310018, China; 2. Zhejiang University of Water Resources and Electric

Power, Hangzhou 310018, China; 3. Huzhou Nanxun Xinlong Electric Motor Co. , LTD. , Huzhou Zhejiang 313029, China)

Abstract; With the increasing application of brushless direct current ( BLDC) motors in home appliances, particularly washing
machines, optimizing the electromagnetic properties of these motors to reduce vibration and noise is crucial. This paper aimed
to improve the performance of brushless direct current motor ( BLDC) used in washing machine by optimizing the shape and
number of stator slots to reduce vibration and noise. A 36-slot, 8-pole single-V internal structure was adopted. The electromag-
netic force simulation of rectangular slot, trapezoidal slot and pear slot was carried out. The simulation results show that the ra-
dial electromagnetic force of trapezoidal groove design is 459. 49N and 500. 37N respectively under no-load and rated condi-
tions, and the maximum groove torque is 3. 847Nm, which effectively improves the running stability and noise performance of
the motor. This configuration meets high-efficiency, low-noise design requirements for washing machine motors and provides a

theoretical foundation for BLDC applications in home appliances.

Key words: BLDC; washing machine; radial electromagnetic force; finite element analysis
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Overview of the Design of Permanent Magnet Motor Current Controller
Built Into Wire Controlled Braking System

LIU Xuhui, ZHANG Jinliang, WANG Boyao
( Department of Electrical Engineering, Guangdong Normal University, Guangzhou 510450, Guangdong)

Abstract: As a key actuator in the brake-by-wire system of new energy vehicles, the performance of the automotive electro-hy-
draulic booster (E-booster) relies heavily on the high-precision current control of the permanent magnet synchronous motor.
This paper reviewed the mainstream PMSM control strategies applied in E-booster systems, including vector control, direct
torque control, and hysteresis current control, with a focus on the architecture and core technologies of current loop control.
Common control strategies such as PID control, hysteresis control, and predictive control were comparatively evaluated from the
perspectives of dynamic response, steady-state error, and disturbance rejection capability. Furthermore, the paper discussed
recent advances in the design and modeling of the intelligent adaptive sliding mode control (TASMC) , covering controller de-
sign, extended state observer construction, and parameter tuning methods. Finally, it summarized the current engineering chal-

lenges of current control in E-booster applications and provides an outlook on future developments, particularly the integration of

intelligent optimization techniques and high-performance computing platforms.

Key words: e-booster; permanent magnet synchronous motor; sliding mode controller; extended state observer; current control

0 3

WEE eI S S BOR B P A, R4 AT
IR R, A, B R RE MR AL TS 1 K
LAl 3 2 GE AT O R R IR IR A B0 R A LR O
DA L A il e M B T 1 i 3l 28 96 ) i 7 T 2
R 4sbE il sh R G B A HE b T HLH 35
(EMB) 57 5 4 2l (EHB) , Hrfr EHB FE {53
P AT EETE S PR W, R AR FR Bl A R N
Rz

T

WREEH: 2024 —12-19
fEERE N

EE® . K& R(1985),

E-Booster"* 5 Ht - F i 44 il # (ESC) J2& 2k 4 il
MAGIIZ AN, Hdr, E-Booster i i K # [F] 25
FL AL (PMSM ) S 30 = A B v R 48 o), 2 PR B L Bl
B SRR SR . R, KR TR 25 HR AL L R B
FEHE RGN RE DL AL B DR PR Y . FL A AR L4
R ] S0 YRR 18 7 SR 5 A

1 Sk#EE & AL i R B

WEE BHE I K, T % R 4 (EHB) X
FELATL A ) P R B SROBOR A vy, K ) 2 ria AL DR R

X UAE(1999), B, MEAR AL, HFRF @ A REER T BAE AL A LB RIRIEH
B, ¥, SGRIEF, BIRF A LBREIIRS R EHR,

E4H3(2001), 5, ML, MAH QI HKER T LIE KK R AR



- 78 - i € 9 B

gkt B RRUN R 4R D7 (A RE B A AL
RORFEAFRE A, BT IZ T E-Booster REEH,

S5
T
]
i B A A
e L
]

1 EHB ZETEE
BIRKEE IR AL LA LA M | n] S A5 D7 T AT
RKRAILE, (RS HERE ST s, HW 3 E F 1R

SN 5y SE IR ALK MEHR T o 38 3 X K W [F) 20 e
HLE SRS A ST, AT AR vy L ol M g o
CANELH = .
| I tim et H
Tl weswue W
n B w] o
H'ﬂ—"’r P
(o]0
ey
=i
g - ]
.T-.
HE
Il
-_i LI E
= i i IR i Bk
HIER M

E2 EHB &iEFEETEE
1.1 [8[ESmtb#EEH
PE A He i Shemes ™ (VVVF) |, SORRfE s 2 1
A - SR 3. A ANIOL iR | ot s B TS B K]
B R B AR, X8 P T e LA
BEZLR A B 193 o TR PILR 7E H YR AL F AR R AR (L
A A B L R AR B LR AR

I
b 1% I iz
| -3

i Fs A b

mmm%fkﬁ

3 (EESRtkESIER"
M, S ks Sk 2E, XHeIH T
FLBILIA) A B G A8, I 2 X H AL 2 G o S e 3l

PR

Bh T IRG R, ME LU AL RS L
i K

1.2 EIEREE
BRI (DTC) il 4 BB i v HL A
SRR, SIS B 25 W T A e s

[0 fih gt % e
-m&lnE = -

u]ill

¥ .[t J Claske
bed= v =w e

T =i ‘.r'iu_ e A |

_,..--".I";"'_'_Fl

4 EHEREERIEER

FHILZTR, B2 2 4 il 24 v 280 e o S
BEvEfae ), (AR R AR, X SE U,
R B 5 7 A AR AR e ) 518 0% . DTC 335 %,
X R PERE R ey, AR R A IR Y R e
1.3 X=EEH

KARPERS, NFREE R, R —Fh g
fRj A AR [ 20 LA T B B AR o 7K ) 25 W AL T
AZEU LI, 23 P HL B 2 SRR 5 32 1 7 A T T
HeAZ AT ] BB ) M

L3
"-\.

=¥

f X
X

gy

5 KEEFEHMIEEE



9 15 XUNERESF . LAl 3l 2 Gk i AL L T 8 ) 2 e 32k <79 -
Pt k2 1
e | , II_":’-' Jd o [ ’,-'E : -~
b, | ¥ oy |
- P, SYP ; : - ..“'L
- lasa 1 pr —— S an _:
. i L
ade " "
a ' 71k Fy
LSy - dy y a |.|,f|';' = ‘
—r— /.-" __/" -
Ty . i z/ - {
‘_/'. aft _.'. irhe |
: FarkEM Clarke®M \ J
AT s
{& 40 2%
6 KkERTBEIREREHEREER

it — 2 3R T O i P M RE O ik B FELHLIZ AT AR
SEVEDEE, R LR R 3 B 1 S5 O S e e A
SRR S RO S &, T RS

2 kEEES R AR R SR R
2.1 ik

ACHE TR A5 AL ) O B T R it . A
M7 ACHE ] A ML SR 45 P R A2 R A 26
PRIF R, HC AR B B 0 3R B R 40 1Y 3 25 o
SRR

HL PR 25 S PID S 287, o s
LU R RSB LR B I TR A
SRR . THEROR T . ARTA, 8T BN 4 )
AR ALY E-Booster RG5Hh, 448 PID il
BT TEAE— 2 0 JR BB o 91 0 T 212 5 1 38
BUHFPEDT A RGN, AP RE S B2 R
2.2 EEHITRE R

PRI 22 P 2 il 2 PMSML 25 5 o, 3 A 42 )
¢,m?ﬁﬂf%ﬁﬁﬁ%1ﬁ?%%ﬁM@o

LD T LT
i
e S "
i
—— o [
v .
i i f AR
[ ! - i
i | l | ]
TR M =
t:-l.-m ¥ [ RivEn
IT 1] I o
; :-lr.'r.t'.'ftaa| N a—I@

Bl 7 AR i FIAE R

(ELTE RSORS00 246 42 ol ) ke o 32 A B A L
WO i A0 5 2 M AR B IR, 3 B R e R I8 S A
FEA T SR, ELRT 00 2% 45 0 R S 8 S 0 h
ﬁi@ o]

B8 HmEMKRINEN
2.3 ERIAHNE S

T AR (MPC) J2 24 4 850 i i1y — Fi
IR R O R R A e T
SRR o AT ) PWM o A il = AH L 3L il A
PR i ) 107 AL T Ok i Y e OR DA T S8
IRFRAGE L P G R rh e U A G Y, A R G T
KRG LA o T AR AR I T2 il i A PR AR 2

W%
nEWE

e EMrCON e

|
! JiE il Ak
VTR | %, [T :--:Hr ™ xull
l_.___._..____.*...._._‘___._.
e

B9 RREITNEHIAE E



- 80 - i@

58 %

WM BT E E R EE, RHEL
AR R G B SR AR AL TR, x4 ] 4 1 s
TARE T MR TN JEE B ) g BEOK . A B BN HE A,
A HE BRI ACR AN A
2.4 aHifiEsl

H L d (ADRC) JC 75 RS B B L, fiE
i 3 BB o A% 5 T ROIR S WL £ (ESO ) 52 I Al
HIAMER G BB, 454 4R i it 5 i 2 52
B K [ 25 A AL (PMSM) 11 i3 1k B #5203 07
LR ARG Y, BERE A U N RS BN
TENE RN, P T R ] AR G A Bl 25
SEHIGE, JUHGE R T AR A E BT Y
PEHTESS o

N
lll\l".'{::rlﬂl".!'
I : £
T e e [ o
punt T ] BB e, | AR =
PO

B 10 E#ER ADRC #ZHliER"
B2, BRI TG, mifhite
K s s SO . A A T, &%
BAGHE TR, EEHRAARE, S TENERS
M&, AP 5= 4.
EFhIEh o e

2.5 BEEH

TR AR TE T RS S B L A
RIS H A A B R, BRUSIRIE R SR e M
FIORSBE o AR R G AR R P MR 25 . R
ZACRAFAERHIR A A S ) T o 42 kG
FIZAGE0A )V o

B dg BERIR2E T, v, W RGN E
H, v HRGEBRE L, e WM., WEEHY &
i RS — e R R T R 3, i/ T iR
R, I AEE R A, [ RGIRERER
PSSR L, I VA I sh B

BARITS, MR 7 Ak B B A S o v F
PR RGN RIU (, (AFRE PR S L &
45 B YRR T LK B R s AR
2.6 S BIBMBEERTE

JUAS R ) B4 BLAF OB BE ) A S e vk
P, BT A BB 1 R 3 1o 30 R A
WA . SR, DR R S T RR S LI £
(ESO) #4541, #% ESO-SMC L FR sl %'
PT R ESO SERMlH RGBS, FMEIEL MR
AHEPERZ, FEDINEHIR B[R] B B 4 e 107 388 3 5 4
HPRE L o HEAINE Vi R4 o] B S Aty 1 38 38 R R
X AETE S BB (R 3 B B8 G B R, 7R
WG A BN, LT RGNS, [
19SS SN ER S b E 2 L) s B 31 AN
VA P T 0 25 . A5 B B4 [ IS R R4 ) (ESO-
TASMOC ) 1245 ] S W 58 3 WA AR 17 Xk 28 A% TE0HE 13 1) 4K
Wi, R T SRR T R E R,

.. Al .,_ i
" | [ i
—h:-ur—.@—t
—F
W il &

= ’_. = L |_m._.
Adm, |8, 0}

Il I

11 ESO #=HIIEE

Hicit ESO-IASMC HUFRR, 15 Jexf i LAY HL IR
SROAT T . 1 ESBULACRIATIR T, 1Ed - ¢
Z7%5 Z PSR BE R AL LA RO A AR L R FL R

APl AT BT, BRI ESO 4
AU TRIAT H SR 2 AR B R



9 1] TEMESS . 2k 30 ZR G K R DL e A Bk <81 -
R . SIAY RRER, WitH RIS Y BRES &,
%*zhaﬁ—Lﬂe—ww+ijﬂﬁ@UJ) FIA ESO Hi55  HBeR AR,
s0 S > s
O ) ESO (S iH 1T LIA Ok RS AE IR 0 96 T
_ R,), Ja RoEisty. HFRRAN : tanh XU IE D) pREL
= Lol (¢, - - pwe, +L + g sign(s,) X , \
Lo gA) = [AE -A | =X + LA + LA +1; = (A +w,)
(D)1 = 3wl =30l = &
itl_'—l ’ ARS = Rs _RSO 5 Al!/m = l)bm _lpmo H R N Ld N Lq

o, AERSEE
2.7 FRIREMMFBIEESSHEE
A S R0 E ) AT AL ESO By T

fie, ﬁﬁ%%ébﬂﬁig“”r%%n PR T O o R BT R
AW #8150 5 S

(2)
Kb, o B ESO M7 552 I K, LR
ESO iy shasma i e i e, LLRE 6% BRI ) AR sl it A2
o PRI, TEPREEA T 45 5 JR DR 25 I 45 By i AT
PASCBUPRGE I B, SRR SR BOR, R g
RTT 15 A B T 1) o

ESO Tﬁ%ﬁﬁi”’ﬁ%ﬂﬁﬁm it B IR T R I
1 BEAREHFREES
e s %5
PI SO, 5T LA A BUSMHTARRE I3, S (LU
S , == S8 1 40 16 e 1) 3 o) 4% 455 s
BB ADRC) BB AAE 48, SR BT AL 003
BB R SR T FE KA SRR
Bl ATLGE R R RS, B RS SR LR, F IR S
BRI (ESO)  EATRGRMGEHENE, RERSUGIAEIRARA  (EEREHRIIG , TTAET R R SRR R
B 135 B 2 2 T R B RARA A T 3T
il (ESO-IASMC) It BATROIR RYekHR XA BB RE SR 2
2 BEAITEH A L
P PLERH  BUMIMZR%  BOUR %Tﬁfﬁ ﬁﬁf? Eggiﬁﬁﬁii
bt e 5 s s i i i
b % g i i i i
PR 3 it 5 7 = i
AR — 3 i pe e fite
P A i 5 s i 3 #
S 7 — i % i % s
e B i i h 3 s
FHEIS % N x N e 2N
i e 5 i i i i i

3 MIRMERERE

JAE Z APl RS CAE E-Booster R 48 1152 73
Br5putt, Jkmg a2 B AL (PMSM) H, i 45 i 78 52 B
BTG i 2 ki, B SE, ZEHIRRS S
HPEEE 2, BRI S ASHEA HE LV, PR

GiRErE. W, ERSECRE IR, =z H
S S S R R AT R . B AR A
740 MPC &5 ESO-TASMC B 4@ FHAEHIRS B2, (B AR K
AR5 LSS PEZ R, B8 IR 29 SRS O B
o MLAL, BUA G 2 20 PMSM as 47 i 2
Wy BIRR G R0, AU EE B S W I e, 5 B



- 82 - i@

58 %

fm2e. AR GRS E AR, nTgRrks, T
PEVRCINAE, XELLSC RS F BB aE . KRS
SRS T 2 B R A PR TR 4 L s ) 2R 45 A i
Wik Pl S5 e EF 5 ORI, LR s Bk
S G REETIURE El A B BEAE DT ik, LA T R GEE
RitE . AT S TR M

4 % iF

A SE E-Booster 7 4t 7 HE [R] 25 H AL HL I 45
WA, R T YA E R E RN, f4E PLIE
(LI 2o TR o I i U o N S 7
il IR S R A MG SR A B 38 N
B A Prdids il (ESO-IASMC) o 2t Xt Lh 3 #Hr, 45 F
ITEFEPULYE . Bt WO EE N o B T
MERES, Ea ke ELEERE Ssh&Its T
ST AFEE R AL, IR A 5 i) 5 s A B2 T4 7l
PERERY RIBT L A T S5H B A% 8 S50 MERE

B B 5 6 O AR R R BRI, AR SR 2
H T PMSM Ha 3 R 42 75 BRIE BT 52 45 12 B o
WIAFR AR ME R, WIS R FECR . S5
BOEMLE] . BRLIE W L i A 2CUSEBROR I i A
Al REREMEAE T IR o N A DRk L [R] JE, R Sf N AE il &
AR BIHCRAS . SOk R N TR A i T
IRFE AR RIHELL , 30 5 & 4 o AR ) B w5
e o AR AR R TTRE IS N R

25 FRNA, T ESO-TASMC fiy H i #5™ smg
T E-Booster & 4 W) sh 251 e S Uit ia 2 Mh R it
THHSSCHEM TR IS, Mg Bk S AR
TEEROR IR A R, 228 G4 7 e R RE BT RE
TRVRGH Bl 2R e v N, AT ), A SRR IR B4
il BE A LS R 3 B i e SR R R KAEH .

S 30k

(1] Z&. RRRFELERSIBER G RKREL]. BFHEARY
AT AR, 2014(5) ; 118,

(2] Mg, LU0, £, & RELERSIHEARLERLT].
WEHAR, 2005(12) : 13, 43.

[3] RV, i, BERE, . ERBFREHSI RS
BRI ERILT]. HUM TR =4, 2015, 51(16)
22-28.

(4] WAL, w448, BT DSP (1) 525 B S pL B E R 40 L
EI[J]. d/NREAL, 2004, 31(1) . 28-32.

[5] BR&L. JKEERIE RNl B SRk 1]. &
A4 5445 TR, 2024, 62(7) : 96-101.

(6]

(9]

[10]

[11]

[12]

[13]

[17]

[18]

[19]

[20]

d . T Rl PID SR E 1Y K B[R AE B L = 3R
wAE R [ J]. PUARAT BT %, 2024, 39 (8): 50-
51, 58.

MhAESE, SRS, WA, 5. KGR 2D HLPL A B E o3 5L
B PID R4 [T ] b K24l ( A AR R i)
2025, 26(2) : 273-280.

R AR, FEAD . KR IR 2D R AL S5 A ROl 25 0 255 422
sk LJ]. HEVUKS A s THEoR, 2024 (7).
83-88.

RFZ. KHEEL LA R TR R AR BFE [ D] L
at: AUy Talk k2%, 2024,

Deur J, Assadian F, Hancock M. Parameter optimization of
PID class of yaw rate controllers| C]. UKACC International
Conference on Control 2010. Piscataway: IEEE, 2010.
1-6.

F¥, EEoo, M, . BETRIRITON R4 oS
ARZKRE [R5 i MLBRAR A B B [ ] SoBpL, 2020,
53(5): 73-77, 104.

AR, KGR AL A BT d SRR A 5E (D], At
M WL Tk R, 2020.

SR, ARIRIE, WA TG A PR A Y
KA LR MR [T ], ka5, 2023, 6(6)
68-74.

MR Te, ETT, IR, 3T ook B A A ACRE R
ARHLERILT]. MREOR, 2024, 44(07): 15, 16.
b, DA TR AL A S M Y KR ) AP
VU RG], Bdibl, 2024, 57(4): 18-23.
YOI, 2R, XAER. BT R T YOI s E s T
DM R G A S Y B R ()], WUR S A8, 2020
(7). 22-27.

PUEW, TR SR T AP S WIS A FEA S 2
LU EERIL )], BORAL, 2021, 54(4) . 48-55.
oz, TR, BB T N A i A A 1R S B O
EAFFELT]. AL, 2021, 38(11): 207-214.
Hot, INRR, 28T, & SETAMAdtEm R
PRI 4% W R e WF S [T ], R AR A4, 2023, 18
(4) . 4349.

EIREY, ERAE, oAl SF. BT ESO i L Az A ik
RO HEN PR LT]. MURSWE, 2023, 51
(12) . 30-38.

EH, Ra5 K, @, S B TYRARE LI A 1 ]
IR R GRS A AR [T ], s TR A
2#4R, 2019, 43(03) . 261-268, 274.

48, e, dh#E. LT kdk ESO MarBkig
PR PMSM B il [J]. AAEMVUIRS A shfbin T4
A, 2023, (12): 137-141.



