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Design of High-performance Dual-axis Galvanometer Control System

LIU Wei', XIE Bin', LIU Le’, TAN Xuan', DENG Leimin®, LI Yesong'"
(1. School of Artificial Intelligence and Automation, Huazhong University of Science and Technology,

Wuhan 430074, China; 2. Wuhan National Laboratory for Optoelectronics ,
Huazhong University of Science and Technology, Wuhan 430074, China)

Abstract: For high-speed, high-precision laser micro-processing applications, a design solution for a fully
digital control dual-axis galvanometer drive system based on parallel processing architecture was proposed in
this paper. High dynamic real-time control of dual-axis galvanometer can be achieved by high-frequency dig-
ital control. By establishing a mathematical model of the galvanometer system, the position tracking perform-
ance was improved further using a model following control strategy based on cascade closed-loop control. Ex-
perimental results were obtained to verify that the designed dual-axis galvanometer control system could effec-
tively improve dynamic response speed, reduce tracking errors, and meet the expected working performance.

Key words: galvanometer control; model following control; servo system; digital control;
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PMSM Position Control Based on Composite Nonsingular Fast
Terminal Sliding Mode Algorithm

GU Jiajun, ZHAO Shiwei, YANG Xiangyu
(School of Electric, South China University of Technology, Guangzhou 510460, China)

Abstract: A composite control strategy combining nonsingular fast terminal sliding mode control ( NFTSMC)
and disturbance observer was proposed to address the low position tracking accuracy and poor robustness of
permanent magnet synchronous motor ( PMSM) position control systems under various uncertainties such as
parameter perturbations and load disturbances. Firstly, NFTSMC adopted a nonlinear sliding mode surface
with global fast convergence characteristics, and designed a position controller with continuous sliding mode
control rate. Its stability was proved through Lyapunov theorem. Then, in order to further improve the ro-
bustness of the permanent magnet synchronous motor position control system, an extended state observer was
introduced to accurately estimate the systems lumped disturbance and perform feedforward compensation on
the controller. Finally, simulation and experimental results showed that compared with traditional sliding
mode control, the proposed composite sliding mode control strategy had faster dynamic response, higher
tracking accuracy, and stronger robustness.

Key words: permanent magnet synchronous motor ( PMSM ) ; position control; nonsingular fast terminal

sliding mode controller(NFTSMC) ; extended state observer( ESO)
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Research on Vector Control Method of Permanent Magnet
Synchronous Motor Based on SVPWM

WANG Yifan, SHI Yiqing, SUN Guogiang, ZENG Qi, GAO Yuan, ZHANG Nan
( Bejjing Research Institute of Mechanical & Electrical Technology Co., LTD., CAM, Beijing 100083, China)

Abstract: With the application of servo motors in the field of industrial automation, a two-level space vector
pulse width modulation (SVPWM) algorithm was studied to address the issue of stable operation of servo mo-
tor vector control systems. A dual closed-loop permanent magnet synchronous motor vector control model
based on speed loop and current loop PI regulators was established. The permanent magnet synchronous con-
trol system was verified by the pulse width of three-phase PWM waveform under no-load and load conditions,
as well as changes in motor speed and torque. The simulation results show that the optimized vector control
scheme for permanent magnet synchronous motors can effectively improve response speed and control accura-
cy.

Key words: permanent magnet synchronous motor; space vector pulse width modulation; first order self

disturbance rejection control
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Design of Aviation Integrated Starter /Generator System Controller

MA Yong, LI Shixiao
(AVIC Lanzhou Wanli Aviation Electromechanical Co., LTD., Key Laboratory of Aeronautical Electrical

Action of Gansu Province, Lanzhou 730000, China)

Abstract; A design scheme for an integrated motor system controller for aviation starting was proposed,
which adopted vector control and weak magnetic field expansion control to achieve motor starting control. The
generation rectifier module and starting module share a MOSFET three-phase full bridge main power circuit
in time sharing, and a dedicated chip was used to achieve synchronous current regulation. A BUCK circuit
was used and multiple intersecting faults were used in parallel to reduce output ripple. The control algorithm
adopted a 3-point 3-pole (3P3Z) compensation method for 28V output voltage stabilization control, achie-
ving fast starting of the aircraft engine, smooth conversion from permanent magnet synchronous motor starting
to power generation, and 28V DC power output. Simulation studies have shown that the system has short
starting time, good dynamic process performance, stable output of 28V DC power supply, and ideal current
sharing of all branches of the parallel BUCK circuit, which has certain engineering application value.

Key words: integrated starter /generator; vector control; synchronous rectification; buck chopper
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VSG Control Strategy Based on Improved Damping Control

WEI Teng', LI Xintao’
(1. School of Elecironic and Information Engineering, Taiyuan University of Science and Technology,

Taiyuan 030024, China; 2. Engineering Research Center of Heavy
Machinery Ministry of Education, Taiyuan 030027, China)

Abstract: Traditional virtual synchronous generator (VSG) control strategies have many issues in suppress-
ing power and frequency oscillations under various operating conditions and regulating dynamic performance.
By analyzing the system transfer function, this paper described some control problems of traditional VSG,
such as the difficulty in coordinat-ing power oscillation suppression and response time, frequency steady-state
deviation caused by droop control, and the contradiction between the slow adjustment requirement of frequen-
cy characteristics and the damping requirement for damping size and output power. Therefore, an improved
damping control strategy for VSG was proposed, which added a damping loop to the power-frequency control-
ler. Through theoretical analysis using transfer functions, this paper provided a detailed description of how to
solve the control contradictions in traditional VSG control strategies. Finally, simulation systems were used to
simulate scenarios such as changes in power reference values and grid fre-quency reduction. The systems
with the improved VSG control strategy can effectively achieve the control objectives.
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A High-precision Servo Control Method for Throttle

WU Fan, WANG Xinhua
(1. Nanjing University of Aeronautics and Astronautics, Nanjing 210000, China;

2. Lianyungang JARI Electronic Company Limited, Lianyungang Jiangsu 222006, China)

Abstract: With the upgrading and replacement of drones, the accuracy of throttle control for autonomous
driving is constantly improving. This paper designed a signal filtering algorithm and PID control algorithm to
achieve high-precision servo control of drone throttle lever. This design used a 16 bit high-precision Hall
sensor, which collected sensor signals through a 16 bit A/D converter. A 4th order IIR filter was used to fil-
ter the signal, achieving stable output of 16 bit resolution data at any position of the throttle lever, which was
sent to the upper computer through the RS422 interface. In the follow-up mode, this design adopted PID
control algorithm, combined with stepper motor and multi-stage reduction gear group, to achieve high-preci-
sion follow-up of the throttle lever, with a follow-up accuracy of 0.2 °. It has been tested and verified on a
certain model of unmanned aerial vehicle.

Key words: throttle; IIR filter; PID control; follow-up
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Study on Effect of AC Excitation Pulse Voltage Duty Cycle on
Discharge Characteristics of Rotor Windings
of Doubly-fed Variable Speed Pumped Storage Motor

SUN Shitao', LEI Yu', HAO Guowen’, LU Yi', LIU Jindong’, SONG Zhaoxin’, ZHANG Jie'
(1. North China Electric Power Research Institute Co., LTD., Beijing 100045, China;

2. State Grid Xinyuan Company LTD., Beijing 100052, China;
3. Hebet Fengning Pumped Storage Co., LTD., Chende Hebei 068350, China)

Abstract; Doubly-fed variable-speed pumped storage motor is a very important part of the new power sys-

tem, which is powered by AC excitation and low-frequency PWM pulse voltage, in which the duty cycle, as

an important parameter of the PWM technology, has a certain impact on the insulation of the motor, and the

study of the square-wave duty cycle impact on the discharge characteristics of the rotor winding of the varia-

ble-speed pumped storage motor is conducive to the evaluation of the insulation of the variable-speed pumped

storage unit. Taking a variable-speed pumped storage unit as the research object, a finite element model of

the rotor winding was established, and the electric field potential characteristics of the rotor winding insula-

tion weak area under different square wave duty cycles were simulated and analyzed based on the COMSOL

finite element simulation platform, and a 3 kV rotor winding partial discharge test platform was set up to ana-

lyze the partial discharge characteristics of the rotor winding under the action of square wave voltages with

different duty cycles.

Key words: variable speed pumped storage; duty cycle; rotor winding; partial discharge
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Comparative Analysis of the Air Gap Magnetic Field of 2-segment
Halbach Array Permanent-magnet Motors

LI Yukai, MENG Jun, LU Zhiyuan, WU Yingsheng
(1. No. 38 Research Institute of China Electronics Technology Group Corporation, Hefei 230028 , China;

2. 63898 Unit of the PLA, Jiyuan Henan 459000, China)

Abstract ; Aiming at the problems of unclear classification of 2-segment Halbach array PMs, lack of compar-
ative analysis of magnetic field performance, and difficulty in designing, this paper divided the commonly
used 2-segment Halbach arrays into standard, radial, and simplified types, the analysis and research on the
magnetic field of the three types of Halbach arrays were carried out. Taking the Halbach array inner rotor
permanent magnet motor as the research object, the analytical calculation model for the air-gap magnetic
field of the three types of 2-segment Halbach array were established respectively. Based on the analytical cal-
culation, the influence analysis of the design parameters on the air-gap magnetic field of three types of Hal-
bach arrays was analyzed and compared. It is found that for the three types of Halbach arrays with certain
size, there are optimal ratio of main magnetic pole and pole pairs, evaluated from the perspective of funda-
mental amplitude and total harmonic distortion, the performance of the standard Halbach is better than that of
the other two types of Halbach arrays, the optimal fundamental amplitude of the three types of Halbach arrays
continues to decrease with the increase of permanent magnet thickness ratio.

Key words: 2-segment Halbach array; air-gap magnetic field; analytical calculation models;
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Variable-speed Constant-frequency Wind Turbine Image
Recognition Algorithm Based on mRMR-GRU

JIA Hongyan', KANG Hanbin', LIU Yulong’*, GUO Longyu', YAN Zhiqiang'
(1. State Grid Jibei Zhangjiakou Wind and Solar Energy Storage and Transportation New Energy

Co., LTD., Zhangjiakou Hebei 075000, China; 2. Dongfang Electric New Energy
Technology ( Chengdu) Co., LTD., Chengdu 610036, China)

Abstract; In order to accurately recognize the operating state of variable-speed constant-frequency wind tur-
bines, a variable-speed constant-frequency wind turbine image recognition algorithm based on mRMR-GRU
was proposed. By analyzing the mechanical dynamic structure of variable-speed and constant-frequency
WTGs, the important control parts of the overall variable-speed and constant-frequency WTGs operation were
obtained ; based on the Internet of Things (IoT) technology, the integrated intelligent terminal sensing e-
quipment collected the variable-speed and constant-frequency WTGs imaged in a specific structure; analy-
zing the specific structure of WTGs generated the original images of the variable-speed and constant-frequen-
cy WTGs; based on the histogram equalization method, the image of the variable-speed and constant-fre-
quency WTGs was enhanced processing, the output of high-resolution acquisition of images; based on the
mRMR algorithm, the definition of the mutual information of feature variables, to obtain the most representa-
tive and relevant feature subset; fusion of GRU units and mRMR values to generate mRMR-GRU algorithm,
optimize the image recognition network structure, the output of the wind turbine image state recognition re-
sults. The experimental results show that; the designed algorithm has a MAPE value of 4. 46, an RMSE val-
ue of 3. 57, and the highest value of image recognition accuracy is 0. 98, which is enough to effectively regu-

late the feature variables of the image, effectively identify the abnormalities that exist in the image of varia-
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ble-speed and constant-frequency WTGs, and it has obvious image pixel-point equalization effect and image

enhancement recognition effect.

Key words: variable-speed constant-frequency wind turbines ; image recognition; mechanical dynamic struc-

ture; image acquisition; histogram equalization methods

0 351 F

AR AR AT T S LA Sy — R 5 10 B
AR B BOR 5 A AL K K e, 7EAUE
it Ferh S T A, BRI AR R
(RIS, o A L ATLZEL 3 ek XU 2 sl A XL R 2 8 114
AR, AT RUTR] 25 B XURE e 4 e, A 7 i i
HUBRE AR, SR TH B ML TR IR, Y
S BB HE S UL P R R A A e 40 A LU R A [
T P E AR LR, LRETE o D i A4 [
PR R R, SRR AL, Rtk
Xtit, TR ASHE X T K i HLE AR E 18 1T
e 2 T AL R AT I8 47 I 05 5 s A7 IR A A S
5

IR B A OE TR 2T 5 ARGAN %
THT BA Ak 2R XU LA PR 0, 2 L i
DRI A SR T 190 205 41 BB A P15 1 B B2 DX sl AR,
FALZE SR DX, it B Ak PR B9 XU LA
ST IER 7 ) IR HORE Ak B 4 15 80 A i A Bk
Frgies >, SR AL R A 2o, #AL

AT M — R T R BE 2 T (9 KU LA PR 5T
B, BEICAPLEOAR | EHRALSEH AR T8 2 KU LA
BRIE S IN AR GE, RS T S5 A BRI AT 25 0
AbEE, PRECEMREEEARFIEE R, 2T PRN R0 4 0 i
FRAEIAL, 2 B XU AL e Pl 45 e e i
BT, BT mRMR-GRU [ 725 38 fE 55 X
PLA ER UM%
1 2SR A LR AR B B
igrit
L1 TERiEFKBEIANMNSER ST
FEASHAR I ) A LA s ATt A v, HLAL N
AR feE. MR, A bl Rl sh RGEAEE
Sl AES2 2K B B ) AL 3 R GRS
SEERE A S5z S0 SRS RE LR B A
A, ISR AR S W AR RO, I,
A A B X R AL A P S AL B2 A B SRR T AR R
B EREMRORAE S Y N SY o AR S A
ALK S S S AN 1 7R o

) el LI
Z Vi Vo > ﬁ%ml
i
1 TI —-0
i ™ o
ﬁ 2 jz o A %2 .|
!JJ Vou =
fi _
FE [Vier Vour —
o ~ ]
O
| | I ] K 3%
\ /5
.'r; ‘rl-" | —_— " . i '-‘ e
ﬁjf- F % || B : ~=~0O 25 1 28 LIRS
i} H 5 H R A S 3 R AL
: Ih
[ I ,;; #l 5
fu fn ﬁ §t: <
IR
i i 4

BT AR A X AL ALK Eh A5 254

H P 1 Rl e R XL R AL T B e S
(s Rey) . AHEHE L (X BEM R E ) | &
Fed . Ay (Rt as L ORI, 28R 2 5T
{UDINRE =i LN .S Qe B TR SR o N o e S
HEALRL) | KSR A A A

SRR A K LA 7 LiE, ™ A A BB

R M2 T BT A A, R IR v A AR A
e AR, 1) AU ML A 228 0 e LA AT R R
AIHLIRAE . HHLRAEfL B 2 A s L, FHLINBR A 5%
TREGERE 53 N AN E TR — AR,
AN RE A8 (O FMILAS 3 ) ] LR & r AL
B R R R AR, T S BLAR MRS H . X T



.58 - @ A 1%

AR AR RUAR AL B B L RE, AR Ay 1 CRL R )
B R AL A= 1) R BE P 8 0 5 R I R [ A 9 5 i
WL, ARG 2 CHG 000 ) U 32 il A FL BIL I 2 o R
R R, R A5 O e T I G AR R L IR TR
1 K 5 e g 0 R 30 P AR A 7 A XL FR ML 4 8l )
FAE, MO A ARG, R XU L A 4% b
A T AR RERR E B 4T il g, A A AR
ALK S S T, 123l R G- K REH ke -
ARIE AR RS A IS AT 45 F Dl A A AR A KU AL
s AT A 2R o
1.2 ETRESREHAEGRE
RTINS g b s s oy, U
FEHEA T EUGR A R R S5 48 T2 20 WL 3% g (i
FrgpEat . REENRTOL) « KL B (4 5R I
DR ) . ARG S R (R MG SRAS | 1%
AR | R RHUR X (K A B S R R
T LA R AR IR I O0) o ASCHI BB AR, 4
I BB S TR A 4 1 0 A2 45 1) Hh >R B 72 AR A5 A
ALALER™ , EHER B 2 R,

L

Iohgy
% ,
PR

ARPEER — '

B2 AR AT X LA RGCR 4R 8 E

PR 2 AT, AR i AR 50 R LA SR 4R
BRI A BOCR, 7T LUR AR
RBBEZI N 4 DEHE: BLYE BHE.
HEZSMHZ

o, $84 2 3 A B B ) AR il E A XU AL
FEE S EEAT I 5 U B HE AL S A, X SRRl R 4
HATHAL, JTEEG R E 450 T B AS TR F 5 RS
PR AR A5, X AN [R) 448 8 2 ot 1 SRk i £ R A T 5T
XPERBFLA BB T IRES S s R e R 4. ¥
KRB SATH S HET, F B M EEE T,
T8 FH L5 FNES 3l ) 45 7 B0 32 12 1 S Ay b %o
HEAT A, AR 5 0 46 4 A B AR R A5 X L L
HFIREIR A,
1.3 EF mRMR-GRU #J %5 i 18 55 X B8 ¥l 28 B £

1251
1.3.1 Tk [8 97 Kb PLLE AR 3G 7% 4 32

% 18R e A KR AL SE PRz T e S is AT

A B ek RIS e AT IR R T,
BT T B A I R A SEAT SR AL FE ) DL
PTG R, R R R E . T R m iR
ZE IR PE
B A 2 Ry 7 LA PSR B R 43 JE U AR
REY AT ), A R XK R 4 i i A b,
B S E N
Ap = a( |+ " log,l) = a( 1] + " /log,1)
(1)
K, A7 FORBUGSEEEIN 3 o FoREUGIGEZ R0 |
RRSEEYE; | R A o FREURIRE S 1
TR RS o B 5 1, o g FREE BR(A
HFX(D)IHERE, MA4; <), £HANG

FEARBREEICEE; 5 A; > 1, , RWIA Sp A fe v B
X 5
XpAJEATIH—fAL PR, BT, 0,
1 -a
" = A|lA- - 2
! [ ,(maxl ‘loga - I', - log, -l'z‘)] (2)
. 1 +a
"= Al A;
F [ ,(mlnl * llog, + 1', - log, - l’z‘)] 3)

A, 50, 2R U, EHRER,

EEMG S LA B AR, S T AR BRI
HHEE, WERT U 51", FHX A BB TH
S, AREEMG K B A A 25 18] H A SR A0 A 1B 1E &R
B, DA A ROME R 2 3 PR K
ng=Fw@mnAgy#?ﬂL/Z (4)

b, P(A,) R A FIREER MR 5 R R 8 F
FONBIEREL; [N IR BEABIEAA s n FREIRIKE
s a Fm B EEE B R R BRSO R AL B 5 1
Bl s p Fom n A2 B 23 1] T (AR A3 A BB A R 1R
B AT 1 1) A AR X AL R AR R

BT fHP(A,) , B EITE () K
B zs ], e X BIE ) 5 U E, AR
0 & 2R IR R AR o AR, LA se BLIA
RIGBERALEE, it = AR R AEEIR A
1.3.2 T mRMR-GRU # B¢ 12 5] 4y ik

WG R A, . BRI RIE A, | PR ST
A, FIPMREC RS BA, MRS RE, J5T mRMR 57
TR R R AR AL B 2 TR AR G

TERIR AL S BURT, BR T 2% JE R AR B AR G 1
BT EH B AEZ B TURYE. NI, v 1A Rl
PERMIEAZ B Z [ Y TUAT R, R B I 2 A G A



oM BEUEAAE . LT mRMR-GRU f725 b Ui BLZH PR U 5 2 -59 -

fit, 75 Z AT mRMR 803k, & SCRFAE7ZZE & /Y 5
=5

[P

I(Ak 7Ah 7121[ ’A/‘) =

P(K)P(H)P(L)P(J)
S Y P(K,H,L,))g P(K,H,L,J)

(5)
Ao, 1(A,,4,,4,,A) FORFHFE RSN ERER; K
H L. J 5y B3RS EAS IR P(K) . P(H) |
P(L) . P(J) 43 53R HRAF A5 12 g 2 A A (HE
BEREE) 5 PCK,H, L, J) Fe75 PUAS R AF A ] I 2% A=
FIRER (e MER B )

I I(A, A, Ay A)) AR R F 6 B 10 1 4 o 24
RIS, SR E A B o, B BN E 5 B
i, FAMEEERT B TZmEN, A
PEASHIFEE , X TRAEE A, , S i =4
A2 A EEE, T AR R
s = A1 (A, A, A,,4) (K;H;L;)) = o} (6)

K, s FORERAE ; ¢ FoR TS BEHEA T ¢ 1
AL

ST (6) (BB M, 35 1 T A 45 0 728 B
MR, 4% A5 B 20 4 0 T35 AL LA T ot 8 5 A1
SEROHERY , 1R R 45 S, RN 25 B VR B A
SRR B, T E AV R S B
FATAZME, k7, R A5 KT M5
HE44 SERT IS ORI ST S |

TS HEAT G529 %, M JELHA B G 4R P T 1,
SEBFHIEAE B9 B, ARV AL 1 AR 2
AEIE . 3 AR, HEOT AW TE,
Pt fr NAMRAE, LRI 32 22 5 /N T 4R 0E o ek
TAE S, . AT R AE AR AR S ik 5 T0 4% Jik
NI FS AR N

maxB, (S,AK) =

1

> (4,40 (1)

‘Tfl
K=0

1

‘ K

SK1<:_1>220:’(A0’A1> (8)
X, A, FoR HARFFIEAE 5 B, (S,A4,) R S 54,
M AR I REG Ay FOREARHIEAS /5 A, FoR%
A B ARBEAE B (RN AZE B ) 5 B, (Ag,A,) R
Ay 5 A, IR TS R
L4 B, 5B, , 5 A, () mRMR {4
& = maxB,(S,A,) - B,(A,,A,) (9)

X, & FR A, 1 mRMR 8.

minBz(Ao ’Al ) =

B2, BT mRMR HITTEZ DT S H 4y
RS, AR TH AR 3 19 mRMR X RF A 2 47 HE
P, SRS I3 AR AR A DAy 8 0 AL 2 1 45
IRERHFIE A, , ARG LA bk R G A 5 1E
FHES,, HA €S, .

SR 7O W TR AR SETE R AL 2 AR, Rl
GRU .50 5 mRMR {H4: i mRMR-GRU %%, itk
PSR M 2 S kg, e S 28 S 430 XL H AL ZH AR b
P BRFECREAE , R B 20 N B bR RRAE AR Y T
e

fdi ) mRMR 53092 6 45 fe HAR SR M AR S 1
EFAE S, , BHRAESE A RHIE S 242 B mRMR {H
HEFF, DABTTR]D Y 5 20K 3k 2 18 £ 00 R AR AR Ry 1y 971
BRI . FET I, TS (RS DRSS
ZHPRAS IR AR ) R ] (P 5
ARSI —HR 43 ) i GRU FAITE5 4 W] LAE PRV b {2 B
B EFT R EGAE R, GRU (5 5 Fl i ] A
=0 (10) F (1) iR,

Z={(@,09,,,A,1) (10)

R ={(@,00,,,A,1) (11)
A, Z Jy GRU BAICHEN s Ry GRU BAICH ],
¢ Sigmoid BIE KK @, 5 @, 7350 GRU BTH
BT S EE T TAE R M u RO P 0, R
TEu - 1 BRI, GRU (R A .

T Z5R, [FHEH A Sk S, iy
P AR , K IS s 5 v 0% VR T R I I S 2 v
st sl o, Q- ERTFZE R uw — 1 i)
ZVEABRRFIEAS B TRINAE, RP GRU BRITER X A2 e
WAL HLAHE KR PUMNAE 55, th a9 XUPL IR AR 2R

YIS
2 LW

2.1 RIEIMESH

R T SRR T Y SE BRI MR RE AT X
F1 3% SCADA Z& %2 114 72 e 451 XU HE AL Iy s 38 17 4K
P st 5, HoREIZNE L 2022 422 H -9
FWNRBATEE 4752 4 (30 EEEEE) , A%
PR 1532 dH, ARSI A FZE N Intel Core
i7 AbFZS . Ubuntu Linux 18. 04 LTS #:/E &4t . Py-
thon 3. 8 4ifi 15 5 . OpenCV E{% AL ¥ % . PyTorch
EJHESR, HARSIR R & RS g S 4R 1
FIR



. 60 - i € L 57 %

B A B PERES KL

iR 11, 750 fps( 20 HER)

o YRS 2048 x 1952 {4 %
Phantom v2640 12 3% 5%

B2E RPN 7.0 pm

153k
BhAVEE . 64 dB
$11. 10 Gb Ethernet
IREMEJEE: -20°C o 120°C
( —4°F 1o 248°F)

FLIR C3 £ZIAMARAL 43 BE% . 320 x 240 & &

ARG <0.03°C @ 30°C
(86°F)

B AT . 2925 Zdh
Yuneec Typhoon H Pro HE‘ij(;&XTJEE 70 km/h
LTI HBLIHR, 12,4 P
MR BER . 4K/301ps
B BMERIEE: 1.6 km
o PhOt‘OHiCS oL ;]Zi;f@@6430);5:i {% f()o nm
6MTg%%%@&§>M$:wom
= S o
0.5ppm RMS, .
0. Sppm RMS
EMREE: KFE: 1.2 em + 1 ppm,
FEH: 1.9 cm + 1 ppm
0. USB, Wi-Fi

LS5y I A

AN AR MR HE . LIRS
SKF Microlog CMVAGO :: ijm
- PRI 7z - V]
A% 3l i I

IR 24 - bit

IAUHE ML A Sl AR A B A 4o L5 A

1. ffi[H] SKF Microlog CMVA60 $% 5 W il 35
A UL HILZH 1 2% A SRR A, AT 4R sl e, e 4
WAL A [R] TAE 2500 T B9 R ShARAS, adEm
PR BRI RS SR

R 2. SRR e Lo A5 R A%, S MR AR
HLEAN TR ER A B I sl RS EE , I Sk kA7 i i
ook, AL T e, SR HLA IR SR B .

AR 3. ek P R R I R e A ok R BOXU H AL
LHHRBIE I RRIE, AR EMEOCHE B, .

ABR 4. FIHMLES 2= 2T U Rl s R B Rl 3l
AEYNZRGT BB [ 2l P00 XL BIL A 2 5 A7 7 R
Bimak DAL 4 23l

2.2 BEFIRFIZRNK

BEALLEHR 3 IR dhe, R B35k X 1K
WBs R BEAT SR AL B TOARPFAEAL B] AR Sy
AEPRI, Sd xS e st PR -5 B B30 g iR
B, At 5k i RN RCR 728 i E
DAL PG SRR OR AN 3 TR

(a) B af e {%

(c) LGS

(O WHIER
P 3 AR AR X L AL P (R iR U 45 2R

HITE 3w, 513 (a) AL 3 (b) S 728 s fE A KU A
PLALARERE L3 B b, MR 25 XU 5 J2 4 1] 2
Sl , EIEHRIE 3 (a) BIADLIRAY . |
AFAEOL, S BCEAGE S 5 38 o i O, S 2
SCPUMACR o A B2 D PR AR A 3 5l
ARBRE, ARAFRIIE 3 (b) H, BREER > AR B A
sy, nl AR R B RGO R E | A
Ji T 5 ¥ R L

3 (c) M 3 (d) o 72z s AE 5 KU HE BIL2H XU RE Al
PERCE N, MARIZIRIZE ML, BRAGIE 3 (e) 7
TEN SR [P, ) FH BT 3300 X D e PRUAR E A 7 48
SALEE SRR, B 3 (d) FROGHES IR R v B 5 ]
2, AT RUARGR BOR 2 1R R 5 B AR AL

B 3 (e) FIIEL 3 (£) A e A X R HILZH 14 4 15 50
AYirf, HRAASEMEEBTO . IR 3 (e) f71E
BRI, B R T LS M 5 S Ol
A B RE R G EHR AT S s AL B, 1] 3 (f)
BB A R B L 15 T S ST O L 1R e
JROBAFAE AR, T LA 28R ) 7 T XL L AL 1
B e sh R G S E R R L .

(e) A1 (%



oM BEUEAAE . LT mRMR-GRU f725 b Ui BLZH PR U 5 2 - 61 -

F AT, R BT Re A A 800 3y ER Y
A VA VA5 A RS E S IEECRE, TR
RN AR T AR L BIL A RS TR R 5 1
H B BT PG 3ROSR
2.3 BEGIRGERE

UG S T 2 Ay et A5 A M R Y DG B A 2
—, JEfRTEREE BRI 55, BB IE AR U0
B MG 5 R R i 1 B ] U0 o 8 AL
JEIEIAE O B 1.0 Z (8], iz 1 0 B ARG ES 8
PR B BE 1B Gr . B 1532 ZH IR B s S A GRU
TGP BRI I 48 25 0 rh AT 2 AR 2k, 10 Sk AR
YR AIERA 25 . 8 T 38R 3 i ER
PUMAERA L, 43530 5% b 338 vk /i 5 e F i3 T
BEREARINGREE R, R UM HE A B 45 21
WE 4 Fis

w**‘"%mww

0.4 —BITREEN H AT
P — iR

VL) o T %

{” 1 L 1 L 1 L
200 400 600 800 1000 1200
FESAMTECTH Tl

P4 RGPS 4B 45 R

m 4 ar AR BT R, X I A e
AT B S, B AR R B s, ’1Z
PUNEEAf B S A R AR A7 3, U B e R
HH0.76, FAR(E R 0.57, WERPE R B TR,
X AT RE PR A A 2 ST YN gl i ol F B, Ak
FHE BV SR B Hh B e s FnAn ey, HE 08 fE
TIZAREH R . AR Wk i 5 . Bl R AR v
i, BRI B AR TR 4R, S EENDNA
ol E UM AR R T R, N RS, BE
TEARVRECA S8, TR R AT S B AS R 7 B
(R R B T, 7 0.79 -0.98 X[a| N R
BRBE, MiFFT 1200 YRAEACUIZRET, R ITHEER
BUGAFUNN A 3 15 B 5 R {E 0. 98, b ml 1, &3 f
FE T AEEAR I ol 72 R oA RGE e A BRI 2R L
AL R FIRBIROR TP, A ST AR s e
A A FE ML LA T3 e A
2.4 EHFEBEBIRAEEEEENIR

T IR UE A AR U 2R A RE, S
R[4 TSR RSR[5 1 SR %t bk, #E47 BIR

PR ZEEYEREIR B P340 X5 H 43 HeiR 22 F X8
RZEVERVERETE Fa R, BARTTR SRR
MWE:%; Wx%xmme (12)

1

RMSE = \/}921 (q-0.) (13)
U, MAPE R84 % H 43 HuiR 25 5 RMSE 35
W22 0 FNFEARRE ; ¢ FOREFRMIINE ; Q, Fn il
WA .

HTF MAPE 5 RMSE %53, i & 55 26 I 25 I 2%
FECHE A B B, Bk MR RN 25 & 1 e T ik 4
mE 2 prR,

%2 EEEGANSA AN ESR
FIRPIA:  MAPE (1 RMSE (6 By il s

WA 4. 46 3.57 6.62
B INENE:RS 11.23 10. 35 12. 43
SCRk[5 ] B 8.32 9.01 10. 01

Hi & 2 w0, B35k A MAPE {H o4 4. 46,
RMSE {4 3. 57, g lZanf ]k 6. 62 s, KRR
A B2 5 TR 3 BE A I T SR [ 4 1 3005 5 Sk (S ] 5%
o RN 5k o A XL AL AL AR B
AL EATIRA T, A HE R O 8 47 72 1 B
1A I A el 8 il 26 i e B A S BB KL AL
HFFEST T, P B P B 47 YRR, S8
PURSEIR A . Rl ] 7 PRl 32 1 7 vk 1 o P
BXTLLRE, EXELLIX 7> A 4055 A2 3T i, 42 = 18R
JttE . A mRMR G303 0 12 ) f FLACSR PR AR Sk
(UERSRS . S i NI N EPSE L SEPOR S LT R B
o, dEmist m pUNMER M, B, S )
I en R, Bk A R BRI 2R S P RE D
WL, BB R BRI S R R E 1

3 % i&

Fr it 5T mRMR-GRU (14725 5 A543 XU AL AL 2H 5]
AU, 385 o3 B 74 T X F BILZE ML 30 25
Gy, RAZHEAE K HLA MR, BT E R
57555 mRMR-GRU 53 % PR 471G 568 A 25 A
RMERFAESR IR, i i UBL LGOS U 4 5. 5
UARRW] BT W] LA RN AR AR A H
PR EAAE R S B 00, HBA B i R 1 5
PUNBCR, BRI ER S PEREINRE L .

S 3Lk

(1] %6, WERE, P, % KELAeXEB 2 Dkt



.62 -

ik € L

57 %

PEHILT]. B fratise, 2023, 44(7) . 131-141.

ARG A WL o M ()], K RE A 4, 2021, 42

(2] Jrdise, M, kb, 55 ETO0R XU P 15 5640 Jo k% (12): 174-182.

BB R EE T RS ()] Rsh LR, 2023, 36 (1) (71 XA, M5, #h2%46. FEF PSO-DBN (14 XU HLAL 15 & 4z
266-279. FRRASPUNI]. fERUE AR, 2023, 36(3) ; 434-440.

[3] SoS#E, BRRKAE, W%, %. 2T S-CBiGRU M X HLA R ) (8] WAL, PhICHEE. WML FEARIRAS W 5 e 12 7 2R 4 e 3Tt
RSB EO )] Pl TR, 2023, 40(2): 232-238. FEl1]. PS5l , 2021(4): 162-166.

(4] ZElg, SPMS. FET ARGAN FRif B 52 HiAb 2 5 1T #8242 KU AL (91 XUk, BRI, A0, 5. BT =EHIr R SFe a4 &l
AR B [T]. Aede i R2EE M (A AR M), BXF b B2 WG gy ok [ ], 414 R, 2023, 45 (10):
2021, 48(2) . 73-79. 1118-1125.

(5] #AL, s, £7, % HETHREEIRENXEILEMY T [10] BRI, PhKAE, WHURE, 5. BT EJ7 B A RS A 22
FREEHTT]. TR R S, 2022, 30(8): 142- oyl R s Wik [T]. TR AR, 2022, 43 (7))
146, 154. 907912.

(6] e, B, KULI, . ShHTH A A B B A

(4255 13 31)

2159-2167.

S0k [11] kB, BF, IMI1. SRREIR] A5 v S HLIR & I 7 S 2 o P 457

(U] EACE, AL BUA AR 4t LB R[], 8 SRR AL LA, 201, 31027 16-122.
L. 2019, $2(11) s 61-64. [12] Xu B, Shen X, Ji W, et al. Adaptive Nonsingular Terminal Sliding

(2] Choo K M, Won C Y. Design and Analysis of Electrical Braking Model Control for Permanent Magnet Synchronous Motor Based on
Torque Limit Trajectory for Regenerative Braking in Electric Vehicles Disturbance Observer[ 1]. IEEE Access, 2018(6) : 48913-48920.
with PMSM Drive Systems[J]. IEEE Transactions on Power Elec- | 120 HF &8, XUBA. 3T ESO BRI & LR AR S 245
tronics, 2020, 35(12) . 13308-13321. PR V] FERIAE SN, 2022(11) 19,

3] REE. L SR S R G ek Mias L14]) Zhang X, Sun L, Zhao K. et al. Nonlinear Specd Control for PMSM
A System Using Sliding-Mode Control and Disturbance Compensation

T4 EE. JEEREL. PMSM fAlE R G B IR PLECHIE & b S BT Techniques[ J]. IEEE Transactions on Power Electronics, 2013, 28
5200). BOtAL, 2020, 53(7): 3336, (3): 1398:1363.

[5] SongS, Hei R, Ma R, et al. Model Predictive Control of Switched [15] Sun X, Cao J, Lei G, etal. A Composite Sliding Mode Control for
Reluctance Starter/Generator with Torque Sharing and Compensation SPMSM Drives Based on a New Hybrid Reaching Law With Disturb-
[J]. IEEE Transactions on Transportation Electrification, 2020, 6 ance Compensation[ J]. TEEE Transactions on Transportation Elec-
(4): 15191527, wification, 2021, 7(3) : 1427-1436.

(6] BES. s, Sl TN PHSM 48 [16] Xu B, Zhang L, Ji W. Improved Non-Singular Fast Terminal Sliding
BAr BRI BUbCHITS S [ 3L, 2020, 49(2) ; 170-173. Mode Control With Disturbance Observer for PMSM Drives [ J ].

(7] B B, . 5. KB LR IEEE Transactions on Transportation Electrification, 2021, 7 (4) :
) B IR D). BOBAL, 2022, S5(11) 5 15, 27552762

(8] Hou H. Yu X, Xu L, et al. FiniteTime Continuous Terminal Slid- [17] Lu E, Li W, Yang X, et al. Anti-disturbance Speed Control of Low-
ing Mode Control of Servo Motor Systems[ 3], TEEE Transactions on speed High-torque PMSM Based on Second-order Non-singular Ter-
Industrial Electronics, 2020, 67(7) ; 5647-5656. minal Sliding Mode Load Observer[ J]. ISA Transactions, 2019,

[9] Mu C, He H. Dynamic Behavior of Terminal Sliding Mode Control 88 142-152.

(7). IEEE Transactions on Industial Electonics, 2018, 65(4) (18] Yang L, YangJ. Nonsingular Fast Terminal Sliding-mode Control for
3480-3490. Nonlinear Dynamical Systems [ J]. Robust and Nonlinear Control,
[10] Feng Y, Yu X, Man Z. Non-singular Terminal Sliding Mode Control 2011, 21(16) : 1865-1879.

of Rigid Manipulators [ J ]. 2002, 38 (12):

Automatica,



ik € L

MICROMOTORS

F5TE HH

2024 4F 9 H Sep. 2024

R A 25 32 PR B 7 28 D P LT BR A 254 4 7 S R 5

XEK, KM, Kek
CAr A REMET RE IR AR IR A F], Ak K4 1 075000)

o OE: WA ER SRR ERFR R, WA RESER N TR E REE T, AR ERERE
ML PR IR TR # | 6 R0t 25 R B An el 3R AT R R4 A R P A s il e o . RSl 7 e s AT IRk, X
PET R ARSI 0 £ i B LA AT AR B AT . BRIR AR R R /N, B KL e R B Ak s HoA iR
Ml
KR EWAHREL; FREES; RS
HE4SXE . TM31S XERERAERD: A TEHS . 1001-6848 (2024)09-0063-03

Research on Open-loop Steady-state Control Method of DC Series Motor for
Wind Power Pitch System

LIU Runlong, WU Peng, ZHANG Xiangdong
( Hebei Suntien New Energy Technology Co., LTD., Zhangjiakou Hebei 075000, China)

Abstract; There is little research on open-loop control of DC series motors for wind power pitch system, and
there are even fewer methods involving open-loop steady-state control. This article discussed the construction
of a closed-loop control model for DC series motors, how to conduct open-loop control modeling and establish
open-loop control methods in the event of feedback loss, and the establishment of steady-state control meth-
ods. Tt has great value in improving the stable and reliable operation of DC series motors for pitch control ,

reducing the number of pitch system failure hours, improving wind turbine safety and economic benefits.

Vol. 57. No. 9
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Temperature Field Analysis of 5.5 MW Hybrid Drive Medium
Speed Permanent Magnet Wind Generator

CHAN Donghui, WANG Zhen, REN Shaohua, LOU Ligang
(Flender LTD., China, Tianjin 300400, China)

Abstract: In this paper, the three-dimensional fluid and heat transfer coupling model of hybrid drive medi-
um speed permanent magnet wind generator was established, the internal temperature field of the generator
was solved by numerical simulation, and compared with the temperature data in the type test. The internal

heat transfer law of high-power medium speed permanent magnet generator was summarized, which provided

theoretical basis for the optimization design of the generator cooling structure.

Key words: hybrid drive; medium speed permanent magnet wind generator; temperature field
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Research on Dynamic Simulation of Miniature Planetary Reducer

FENG Gang, ZHANG Sha, REN Jia, WU Bo
(Xian Micromotor Research Institute Co., LTD., Xi'an 710117, China)

Abstract ;: Based on the actual use of planetary reducer to ensure the stability of its structure in the process of
motion, the planetary reducer model was established by Solidworks, and the kinematics and dynamics simu-
lation was carried out by ADAMS virtual prototype. According to the simulation curve results, the output
shaft speed, input torque, gear meshing frequency and gear meshing force can be obtained. Combined with
theoretical calculation, the correctness of planetary mechanism design was verified, and the ABAQUS finite
element software was used to conduct modal analysis on the planetary reducer housing, which verified that

there was no resonance in the transmission process of the planetary mechanism, and provided theoretical ref-

Vol. 57. No. 9

erence for the planetary reducer.

Key words: miniature planetary reducer ; dynamic simulation ; modal analysis
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Analysis and Thinking of the Bus Current Jump Caused by the EMC
Problem in the Electric Drive System of Pump

MIAO Rui, YUAN Qiangian, ZHANG Zhaohui, ZHU Hengyang, YANG Peng, ZHAO Jianhua
(Xi” an Micromotor Research Institute Co., LTD., Xi’an 710077, China)

Abstract; This article analyzed the fault of abnormal shutdown of a certain type of motor during acceptance
testing, analyzed and verified the mechanism of power MOSFET short circuit failure in the driver, identified

the cause of the abnormal shutdown problem, and took improvement measures. In response to changes in the

parameters of imported components, it provided a reference path for solving similar problems.
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