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An Absolute Encoding Technology for Linear Displacement
Measurement of Steel Tape Ruler

ZHANG Jinhang', LIU Yi*, LUO Xin'
(1. Huazhong University of Science and Technology, Wuhan 430074, China;

2. Representative Office of Sixth Army of Haizhuang Beijing Bureau in Beijing Area, Beijing 100000, China)

Abstract; For steel tape rulers used for linear displacement measurement, although traditional m-sequence
encoding and decoding schemes are suitable for long-distance measurement, there is a problem of excessive
memory consumption of lookup tables. To address this issue, an m-sequence encoding and decoding scheme
based on feature code matching was proposed. The influence of the initial coding state and feedback coeffi-
cient required for designing m-sequences, as well as feature code selection on the longest computation times
in decoding processes of non feature code were investigated. Furthermore, a design scheme based on practi-
cal application scenarios was proposed, where selecting the optimal m-sequence and feature code can ensure

decoding efficiency while minimizing memory. Finally, the effectiveness of the proposed scheme was verified

through experiments.

Key words: absolute position encoding; m-sequence; feature code; steel tape rulers
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Research on Multi-physical Field Design of Spoke Permanent
Magnet Synchronous Motor

HE Weijun', ZHU Haijun', WU Xingyi', ZHOU Mingli', JIANG Zhehao' , LU Qinfen’
(1. Zhejiang He Chuan Technology Corporation Limited, Hangzhou 311305, China;

2. College of Elecirical Engineering, Zhejiang University, Hangzhou 310027, China)

Abstract ; The electromagnetic-mechanical-thermal multi-physical field finite element model of Spoke perma-
nent magnet synchronous motor was established in this paper, and then the scheme design and performance
analysis were completed. First, a two-dimensional electromagnetic model was established by considering the
transverse effect with equivalent method, the integrated iron core of rotor structure was designed and opti-
mized, and then the electromagnetic performance and the loss of rated condition were obtained by simula-
tion. Second, based on the established three-dimensional mechanical strength analysis model of the rotor,
the stress and deformation were calculated and simulated under enlarged load condition. Third, a thermal
model was established by Fluent after the equivalent method of winding and insulation were investigated, and
then the dynamic temperature rise of the motor at rated condition was simulated with the loss as the heat
source, which was calculated in former electromagnetic model. Finally, a prototype was made and its elec-
tromagnetic and thermal performance were tested. The multi physical field finite element models and design
scheme were validated.

Key words: permanent magnet synchronous motor; Spoke; multi-physical field; electromagnetic perform-

ance; mechanical strength; temperature field
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Comparative Analysis of Round/Flat Copper Wires for Aero-start
Brushless DC Motors

ZHANG Feng, LI Cheng , WU Na, CAO Li, SHI Daolong, SUN Ruolan
(1. Guizhou Aerospace Linquan Motor Co. , LTD. , Key Laboratory of Aerospace Precision Small Special

Electrical Motors, Guiyang 550008, China; 2. 91007 Troops of PLA, Shanghai 200136, China)

Abstract ; Aeronautical starter motor is characterized by high efficiency, harsh working environment and high
power density, which is the core component of aero-engine starter, but due to its harsh and changeable work-
ing environment and high performance index requirements, there is an urgent need to study the performance
of aeronautical starter motor. This paper firstly established a 6-pole and 18-slots round wire motor A model to
get its performance index, and then established flat wire motor B to make its volume the same, and analyzed
its performance index under the same excitation source; Due to the strict limitation of aerospace starter motor
mounting space, this paper established a flat wire motor C model based on circular wire motor A, which has
a smaller volume while achieving the output performance of circular wire motor A. At the same time, through
Motor-CAD software, thermal simulation of the three types of motors were carried out to obtain the results of
their temperature rise distribution. The results show that; the output torque of the round wire motor is
7. 11Nm, and the rotational speed is 7120r/min, while under the same volume, the output torque of the flat
wire motor is 7. 76Nm, and the rotational speed is 7000r/min, which is a substantial increase in the torque
compared with that of the round wire motor; the flat wire motor C, with a reduction of 6mm in the outer di-
ameter of the stator, and a reduction of 1mm in the length of the stator, is still capable of outputting the same
torque as the round wire motor A ; The power density of the flat wire motor is improved compared with that of
the round wire motor; the temperature of the flat wire motor B is not reduced much compared with that of the
round wire motor A, but the maximum temperature rise of the flat wire motor C is reduced by 16. 9°C com-

pared with that of the round wire motor A.
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Multi-objective Cooperative Optimization Study of Permanent Magnet
Synchronous Motors Based on the Fruit Fly Algorithm

LIU Hong, CHEN Wei, WANG Dinglong, WU Shunhai
(Hunan CRRC Shangqu Eleciric Co. , LTD. , Zhuzhou Hunan412001, China)

Abstract: To improve the performance of Permanent Magnet Synchronous Motors ( PMSM) , this paper used
a 72-slot 60-pole PMSM as an example. It addressed the issue of extended computational time and low opti-
mization efficiency during multi-objective optimization by proposing a multi-objective optimization method
based on the Fruit Fly Optimization Algorithm (FOA). The optimization variables selected are the dimen-
sions of the magnetic steel, the optimization objectives include the motor$s average torque, torque fluctuation,
and slot torque. These objectives were incorporated into a multi-objective optimization function with weigh-
ting coefficients. The approach begined by obtaining the sample space of each variable through finite element
simulations. Subsequently, a Generalized Regression Neural Network ( GRNN) was employed to fit and train
the simulation dataset, creating nonlinear models. Finally, the Fruit Fly Optimization Algorithm (FOA) was
applied for optimization. The finite element simulation analysis shows that the FOA algorithm effectively re-
duces torque fluctuation and increases the average torque. It also offers advantages such as minimal parame-
ter configuration, fast convergence, and resistance to getting trapped in local optima. This method holds sig-
nificant practical value.

Key words: permanent magnet synchronous motor; fruit fly optimization algorithm; generalized regression

neural network ; multi-objective optimization; finite element analysis
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Abstract; Aiming at the problem of slow search speed in traditional search method Maximum Torque per

Ampere (MTPA), an improved search method MTPA control strategy based on feedforward compensation

was proposed. In order to improve the dynamic performance of the system, this strategy replaced the distribu-

tiveness of this strategy.

tion formula of the direct axis current with a piecewise function, and obtained a universal formula for calcu-
used historical working data to correct the segmented function to improve feedforward accuracy. Finally, the

0

lating the feedforward of the direct axis current. On the basis of feedforward, perform extreme value search

method to obtain the optimal direct axis current, and find the optimal direct axis current command. Then,

Ju

i1

search process of the feedforward search method was analyzed, and a search threshold was set to avoid peri-

odic oscillations of the search method in steady state. Simulation and experimental results verified the effec-
Key words: IPMSM; MTPA; search method; efficiency optimization
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Research on Dual Motor Speed Synchronous Control Based on Model Prediction
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(L. State Grid Shanxi Electric Power Company Yangquan Power Supply Company, Yangquan Shanxi 045000, China;

2. Yangmei Group Shouyang Jingfu Coal Industry Co. , LTD. , Jinzhong Shanxi 045408 , China)

Abstract; Permanent magnet synchronous motors, as the core components of industrial production, play an
important role in various fields. However, traditional production processes often use single motor drive to a-
chieve control, which has disadvantages such as small motor output torque and short stroke. This control
method cannot meet the requirements when the transmission power is large or the position control performance
is high. Aiming at the shortage of single motor drive, a dual-motor drive system was designed. The perma-
nent magnet synchronous motor drive control strategy and multi-motor synchronous control method were stud-
ied, which effectively ensured the practical application requirements of larger thrust and longer stroke. In re-

sponse to the problem of difficult synchronization of dual motor speeds, this paper proposed a model predic-

tion based dual motor speed control strategy, and verified its performance in simulation models.

Key words: permanent magnet synchronous motor; model predictive control; synchronous control
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Multi-sector Prediction Interpolation Function for BLDC Motor
Torque Ripple Control

WANG Yuning, WANG Bo, JIANG Xiuhong
(School of Electronic Information, Shenyang Aerospace University, Shenyangl10136, China)

Abstract: The Brushless DC Motor ( BLDCM) is broadly used due to its high reliability and efficiency.
However, there will be high torque ripple because of its own structure and drive characteristics in the process
of operation. Focused on the problem, a novel multi-sector subdivision look-up-table function for the voltage
vector was proposed, which was used for the Direct Torque Control (DTC) of BLDCM. Firstly, in this pa-
per, based on the traditional DTC that only divides the voltage vector into six sectors, the novel DTC strategy
created a look-up-table of twelve-sectors. Secondly, on the basis of twelve sectors, the effective voltage vec-
tors increase to twelve and thus, the torque of BLDCM was able to select more accurate voltage vectors in
each sector. Finally, the method restrained the torque ripple of BLDCM during the period of commutation
and increased efficiency of the direct torque control scheme based on the 3D interpolation characteristic
curves. The proposed control technology was verified by the simulation results.

Key words: BLDCM; DTC; torque ripple reduction; sector subdivision; multidimensional interpolation
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Research on Technical of Dual-motor Long-distance Wire
Feeding Control System

SU Lihu
( Panasonic Welding Systems( Tangshan) Co. , LTD. , Tangshan Hebei 063020, China)

Abstract; In industries such as aluminum tank trucks, steel structures and shipbuilding, the workpiece is
large and the weld seam is long, and the welding process requires frequent movement of the wire feeder or
welding power supply to complete the welding operation. In order to expand the radius of welding operation and
reduce the mobile wire feeder and welding power supply, a two-motor long-distance wire feeding control system
was studied, including a wire drawing motor and a wire pushing motor. In order to achieve good synchronous
performance of the two motors, the control strategy of the existing multi-motor was analyzed, and the cross-cou-
pling control method suitable for the dual motors was selected, and the speed difference between the wire draw-
ing motor and the wire pushing motor was used as the coupling control variable. The welding arc voltage and
speed difference were introduced as the adjustment variables of the speed of the wire drawing motor, and the
adjustment variables of the speed of the push motor using the speed difference and the change of the motor cur-
rent, and the high-precision laser velocimeter was used to test the speed of different wire feeding speeds for a
long time under the condition of 15 meters of the wire feeding cable, and the phenomenon of welding wire stac-
king does not occur during the test, and the deviation between the collected wire feeding speed feedback value
and the set value is less than 0. 2m/min, which meets the requirements of use.

Key words: pull wire; push wire; motor; synchronous; long distance

0 35| F

W AR LT AR Y AR, A AR AR O B 2
AR TS PR A = B 7 b A A REIR
{977 SN N TP R [T S S T RS R et )
R SR 340, R L ATl Y R

s HHEE: 2023 —12 —06

Ko HITRREE G N AR EAR LB AR, Bl BN T
AR AT AL EC RN, TR AR T 5 2l AR
MR 2ZHLA R, AR R, AR R
W BIRS Sh AR L IR MR 22 LA RE S LA . YT
KA A, BB 73 A 7 Al A 7 12 47 18] P g7
M, SRIITBENS S BURRE K2 A0 2 i I KA B A

EZEE . H2R(1986), 5, ML, HAIARN, ARFT@HFHEAHN, LRI LAATRIES,



.44 - e @ A %

M 10 m, JoHk R I TOR, HAME A4S
R MR B R A o, XS 2 B TR
F VRl BRI ) SR 22 LR BRI L, 1t
A SURE I o A 9 4 RS Bl ik 22 L i AR 4 ri U A T 5K
ST s (A

0 3 {7 AT 22 v AL -5 4 22 v AL BB ] 42 o] ) X R
PR ZZ RGN s A, RURLALIR 22 3 48l DA 30
FEARTARRAR, IR 3218 2 MUATAR 42 AT A 22 )
BRI, IR KRR IR Z s T, REFE
AR E , BIORAR TR . SURPLIR 22 R G
AL IR R 1 D e ), SCREAL SO0 i 1 H
R P 22 AL DI IR 42 SR, 1B P T i 45 U
HLPE S R G 58 SO 5 P2 S, BIF9E T hr 22 F
HUAIHE 22 LA P 50k, IF BT TR e, 58
LT R R (] AR E IR 2

1 #=HIR R

Z B[R R E A2 T P, A
HATRIBFEIS LR , [ 32200 S AT il Al
SRR, FATERIRR oy RS, A4
PR g PR, HEA TR S A AR
W PRIE G R 22 W85 A 00 32 A 4 o) <5 7
R, I AR )42 S (0 B e A T T
A RO ] . PhZ 2% . ot PID R 4%
IR SCREREAR I B A TR AR
11 E<SEH

AP R e B A — RO AT R DT, 24
UL AR G R R] — 48 & 155 58 A A B il
e, IS L PR, SO SR 1Y
PUREE R TR B RIS S IR SR RSN
JFERAER], [R5 P RE R T 4 4% SO 1y BRI E 7 A1
PUHIRESs, BRI AE 185

BN |

PRBH M 2

PREF 1) 8% n

IR e S e sy
1.2 EFNEH
TSR A EALAY SEBRIs TR AR AHLAY
MAZE, HEIBIPRE KRR, MHLEREE

A, R EERT A, BRI AL, M
LB B TTIREARER R ML, X Fh T RIE (R 5
36 SIE IR A PR E, I TR A L L) 452 42 1
BEO o 32 A — AN FH T % ) A R A AR 1
Yy, SRS ER 2,

—¥ L
é} umq L

SRBGR M2 1

FREARE A 2

SRBE RS2 n

K2 4R A
1.3 ZXBAES

% 75 1980 4 Y. Koren'” 5 H )58 SR & 6
PR R BRI, A AT B SR AT
P, SN TR AME R LA R S AT
REBRIG A AN S BR B RS A, SEELRLHLAY TR
Pl MANA R A B AR DS M 1 ek )
BB ) R R TR B P (LA TR, 2Rk
INTRHLZ MR R R 2%, BT T THae h"™, &
LRLFFHRIIGE, X s S SR LR
FY5, AR SR I S A AT J MR
H, PEhlsitSHEIE 3.

PREFEH 1

PRBES ) #5_2

B3 S bl 4k R
1.4 1HPFEESES

2002 4 Fy Sun Dong ™' ZE47 H ) M4 & s
FREATZ RS RS S, %Pk
PR/ INVA A B FEARL, 78 42 o B e AL A [
2 5 AR AR (1 P A L BLIZ AT AR S B S . %
JPETE R HLECRE BN, E R S i R e
S AE T HEA L™ A 1R 25 HRE ) P I 538, 6
VS A3 2 FUAG AL, T A o 8% 1 5 S AL
B 3 4%, BRI, RS EE 4,



7 441 PRSTIE BRI BE RS 3% 22 1 B Ge 0 R - 45 -

Ein
Ep2 -y 1
- e R | L
9 ® -
En
o s 2 p X
—@« * L ® =
E‘-\l..l !
=l i n “x Mt
" —® -

P4 RHABR G4 il 4 F 7 1]

1.5 REBEEH

22484 F. 1. Perez-Pinal "™ 4548 1 BN A2
ARG TEZ LRSI 5 R ik, wH RS T
JAA LA PR IE Rl P e #MEAF S I K, il
SRS PR, R LS A A R LAY SRR
FEAIWEZE IR A LIS I 28K, SRAUSVE I pi s il
AR AR ZEAME . A LSRR R G IR A R
FER, RGP HHL & A I s R 1
S5 BAGB5 HAL F LI RICH R (1AM, SRR
AIRGFFAE MR . BUSUE R R AME R AR B
JEPTA AL RS B, LA B B N R MRS
BB A2 38, [ Rs M 38 A0 5 2 B A
iz F AR AR KR

b

FREEE o]

SRR R _n

SRR F AR vy A K
1.6 FElFHIEH
FE M 45 5 1 Lorenz il Meyer™ ™ 72 M X R B

% 2 BRAER2

Pl LRt B3R A9, JE ok Valenzula I Lorenz™'*
XA SR — 2 e R R, A5 W 6
Jirs o iz 7 2 32 R AT AU AR AT A 3 i ) 46 2
FRORSCIZ ALY )20, A O R T R R
EEHUAILAY S PRAL SR S 15t 3 AU F2 0 b, AU T Al
REFEHEA T 0 U R e ALk B ) A0 IR . X
Rl XM A 5 SO 1 HLA Al i ek, (H2
fFoa FRor T uEd, TRAEESEHESH
PLSEPREE R R 22, RN AFTE 25 2 15 5 A SE I HL Mg
0L b 15T e A R AR

&” i1

P 6 RN Al o 25 4 s T 1

2 EHEZE

XL 225 H R ARAR . PI2Z bl HE22
HLAL, IR 2228 B SRR A, PP i 22 RS AR e L T
MERE, K22 AR 22 07 22 B BB A B3 220
BL, 22 LR AR 2208 BT 22 i HLAL , i 22 e HILS
MR B, REMBUR RS HE T PR,
MERGTIRLHEEA 34, Pz pl G52 Bl
Z IR ik 22 p AR RL, XS 22 %42 RIS A
DAL SR 22 4 R BE A N HE22 /B AL, S22 FHL T
gtz B R, NIARHOA R 2Z b, G5 22 At
R2 DY 22 AES G P AR, IR 228842 R3 W AR 22\
T2 T AR 22 F AL 2 HE 22 DL Z TR A B B

% 4 BRARR3

U mw
Rt b

mo—[ L L)
—GF\,/H\u/F\\//ﬁ\_/
BES . B = Rl

s

7 WURLHILIE Ak 2245 i R G A

IRZZPRAE RT BB R R (2920 ~25 m) , dK 22
A R AR 22 IR L 298, IR ek 2 h i
WEIE M AR AT AR RR B BE A 7, 38 22 e A I BE 45 T
MR, MM 22 5k 2 A B BERE T, SRR 22
PUAIHE 22 LI R T J7 X Y P HILES AN [R]
AP i AR 22 ME AR JE 818 2208 R IR 22 R 1Y

SRR IURARSE , BRI AR 4 B . AR
22 Z5 GE B0 TR R i DR AT 22 L HIL M3 22 1 BIL R[]
A, MRS L — TG00 RLIR) 2B 1 R, R
BREHLRGEN NS OB R, I SCE T
XA T2 WML A SO 5 2 i 7 U2 2R AL
B ECE R B, AR SO R LSRN £ R



. 46 - @ AU 7

Rz s g et AE N BHE S 5 R Gs 5, Mk
RPLRLUR . s, SRR R B AL BR R . YT a2
FELATL 91 22 ML S AN [ 20 5 25 1 B 22 43} gl ok
2GS, SRS IR 2 i o AR P B Y SR
ko ARz PL S IR EEZ B, 162208 I R T
PR SR, i i R 4R H oI T e I 28 A LAk
ok o BB Bk 22 AR ) R G E AL IR 2 0
TR R IR AR E, IR PR B — 2K
AR A AL B BRI TR B

XU AL I 22 7 ) 22 ¢ 3 A 42 o) JEL B kg 1505 Hir
2z HL S HELZ LR 5058 . IR R e, SEPR
P P b S SR AR B OICAY R T L ALY S B A
AN LRI, AR FR IR T A 7 A 9 R 22
FLBILAG TR G, A 22 FiL L A 22 R AL ) P Rl 22
FNHE 22 F AL IR L 3L O 22 1 D 9 22 v BIL e i 3 5 1Y
BN, SR AR A 2 LA B, PRIES 22 e
PLEHHE 22 B R4 (9 [R] 25 R RE 2% S0 44 ol O A ]
Z% K 8 IR .

I i 22 FfE 22 WL HILEE
L L

JH 22 WL LH I

T A

A
SRl R

itH
fh 22 HUOBLHL I fR 2200 |

5T e
b5 1 S (LY e 501

L

YES

i 4

i1 24 LA

L

5
B e LS %

K8 XUBMLIX2Z RGP K

ML 2245 R gerh, Sy PRIERR i B vh e
R, Bzl a oy Eilhizz g
GIvSLINGER IR

P22 B SR AR A =X (1) Fos .

PullSpd,,, = PullSpd,,, +

FeedV — SetV
Spddzf(l +T)*Kl (1)

s, PullSpd,,,; 4 437 22 B3 AL IR 88 Jim ) e o 48 4 M5
PullSpd,,, A 2Z LW E 8 4 fE s SPD i 22
LS HELZ RABLSE PR 25 (H 5 FeedV Sy S PR 12
MU SBHE; SetV R IE LR BE (R K, MHiZZH
P B R M 22 LAY 5% 46 IR 4 2 R
TRor, — BRI 22 B ML HE 22 LB T 22 Y S
PEATRAE AR (H, 26 e THELZ L AL
AL A BT A7 B B 45 4 L, A IS 20 9 2 ()
N LA AL A 18 & L, TR A n st

(2) iR
PullSpd,;, = PullSpd,,,

N FeedV — SetV
SetV

PullSpd,; = PullSpd,, +

+ Spdbase * (1 ) * K2

(2)

Mot,; — Mot,,,
" Mot,,.,
3, PushSpd Ay #E 22 L — YOI Y 5 95 18
PushSpd,. Jy #E 22 iR AL AT IR B E 46 2 (H K, A
L2 AP AR A 28 R % PushSpd, M4 22 AL
TR 5% T 8 (E ;- Mot N HfE 22 L HLAS UKl
s Motlast JgffE2z RAHL LR K; 22 s pl
SRR AL T S ER B o 1 K P SRy NN R RO
BOE R T O EAE T, 7 H BILA ETE 3 i B 2 iR
TR A I BE AT R e T, AT (RIER

PushSpd, .. * (1 ) * K,



73]

FRILIR : WAL LI IR G 1 22 4% ) R G BB T

<47 -

GRS | IVERE, 72 i ALIs Fe ) A 7= A e 22
SRS BG, 2z LN e THELZ L i

3 XBEIIE

XPRHLHLI. 22 2R Gt AT i g g ik, e i 55 4
B AR R YR YD - 350GPSHGE | #fE 22 3% 22 3%
B YW —40NFW1 | Hj223% 22358 YW —40LFW1HAE
(KB 15 m 14)) | MIG/MAG 4L IR YT -
40MFW1HAE |, #0563 ¢ LaserSpeed DataPro500 A0
Ji-5 o 5356 M BR A ARz, KB 5 WA 9 PR
0300 3 v RO TN S ASRT 0 2 3 B8 R A T S

I, SRS 3 2 {8 73 B fi 22 [7] Pf WL 43¢ 38 22 1ok e v
EmAZIE, WESHINE 1 Pk,

KIS SRR S S

F 1 WEPELIKIR
hrez sl HE22 H L PRS2/ e WAUEE BOGEL R RE s
K22 E/(m/min) 3% 223#)E/ (m/min) (m/min) /A /V &R/ mW /s
4 4 0.1 62 19.8 300 32 60
8 8 0.3 130 22.6 300 32 60
12 12 0.3 190 24. 8 300 32 60
14 14 0.4 224 26.6 300 32 60
16 16 0.4 260 28.8 300 32 60
20 18 0.5 332 32.0 300 32 60
o i

TERJE 15 m AR LT R ZEAT I TR] A4 00
WLk 223850, SRAESEIT AR 22 8 S EL, 0
WK, A B S 1K 22 3 RE T &l 10 2= 8 17
fR, B BT OO ik 22 P SR, T
T OUIE IR EA R BOE i aOE R
Blli AN 15 B, RAERHEA R WAL ik
22 R E T R B0 E 16 22 B i 25 A i 0. 2
m/min, ELZAAR BRI R RER 1
IR LZ RS AP . LR SO T S PRk e
i, RAELPRIEARI . IRBOE R, i R ik
BOPPRAR K AR, It HAR R R AR 22
MBI R , IRAIREF L2,

TESCBRHE 27 L2 7= B AT L PR R i, A
pez 4 R TR A= RN A I N G TP £35S 7 wi)
TIREE . MHRIRGE LA SR MRS 2 R
AR AL, 28 SBR[ AR, A 5% il
B A TRUE R R, B R P oR Bk 22
NGBS, WL PR A ZOR, AR
Lo r g R a2 1K 16 FE 17,

[ETTE 2
23
el
Bl
Ehlel i
= 3 1 |
gal|F °
1k
]
|

5 |




.48 -

€ T8

[ETTE Y

K13

[

TR 22 5L A S BRI R ] - 14 m/min

1.

™)

12 (VY

W 4 den

N _

] - [ e [T )

EEE

[ETTE 0

===

15

IR 22 SN R BRI TR ] - 20 m/min

F17 B S AR AR 4% Y 5]
1% #

it HTRUREL AL B A 226 22 7 122 42 1) 3R L BB A8 A AL
AUSERR AR A, vl 3238 22 L AN AR 2 A 1 2 [ B
AR I

XL HILIE 22 22 G2t B L 22 A L5 4 22 v BIL Y [+)
A, SSUGRA AP O 2O R e B2
B 4f 22 F LI S e s BEA T 22 SRR A 1500, BIAT
F-42 L IR, s S 5 0o 417 22 v BILJP S S e, A 22
FELATLIE 2o % 1 22 5 r AL R I 9 A Al R AT S I
RLZBCR RS, W EOR

SR FH R PEE SO I S SR AT P i £ 28 22 0
AR AEA = B B 0 22 R S H S B 50 AR AR
AL Rz AR RS U B SR AR AT
D, SRR IR A i R 2K 22 R U IR A IR
T, KREERUIY RLAF, AR EOR

S 3Lk

(1] mhEgg, 2%, #adl. ZailEDiEsEhERGRIT]. |
THARZEH, 2021, 36(14) : 2922-2935.

(2] BRUGRR, SKEEHT, T4, %5 5T Hoo 58 UHEA ST B AY XK R
AR I]. BT RS2 (T2 , 2017, 51(1): 131-137.

(3] Emutg, FME BT LIRS 50 10 B XY P 6 238 3RS
G EGR L] P EREL TR, 2016, 36(17):
4745-4752.

(4] wWB{4R, FBMHTE, BLERR, 5. ZRiLESERZRT]. Bl
SR, 2017, 44(6): 8-12.

(5] BAty, B R8BI R G038 SR & T A BT il
[J]. B TH AR, 2015, 30(11); 7-12.

(FH5E 72 50)



$51% 7 i @ L Vol. 57. No.7
2024 4 7H MICROMOTORS Jul. 2024

ETFefMSsHMEETHEELINRTLZENA
D %557 By B AL L 32 Wl /7 &

AL, REE, £ &, Rid, 9ER

(HRTTHTRE P A I A BRTTE A ], #7VT S+l 316100)
B O N TR RAE RSO E ML TS, $e 5 TR A S RO A 2Rk 04 [ 40k B LA o B B
eIk o RSAAPIRAS T R A i LA AR, F AN PID i SR b AT b R4 i), B R] 20 e i L2 1 Dl
Pl oy il B B AL A B Be, FERE B B, PID i ks Az bk O [R)2 RUALSE B A AR HL R Z R I 22,
g, YR TR AL, IRl OB S A | AR A TR AR B, S BRIR] AP e e AL Dl i A
il TEPCACBTEE, M ARAERO PID B il BOR , HeEiR ni 1% 2L U0 AR PID b A [a] 42 ) 2 500 S I B2 vk k)
gy, A AR S AN A R AR A o, BRI SR A 2 ) b S AR B PID SR 2R 7r 45 5, R0 e A AL
FR A R T RCR IR B B o T ST LA Y, 3207 TE REAE w5 RS U IR) A0 e ML I RGP, )20 A v LAY L H

Jie & 3 2 ARs AT AR IR EE /N, FEFRRIE AT BN BRI L s RS T — A AR iR A, I HLAEARI AT LA

MRS E T DL TR B B2 AR bk, JF BT LRGP RRis T o
KR WASEG RER; REHE; PID ] WPl iR
hE %S TM301 MERARAEAD: A XEHS: 1001-6848(2024)07-0049-05

A Phased Optimization Control Method for Synchronous Generator Excitation
Based on Saturation Parameters and Chaotic Search Algorithm

DONG Chenglong, ZHU Qingguo, DONG Lei , ZHANG Shijian, TIAN Haoran
( Zhejiang Zheneng Middling coal Zhoushan Coal Power Co. , LTD. , Zhoushan Zhejiang 316100, China)

Abstract; In order to improve the excitation control effect of synchronous motors, a phased optimization con-
trol method for synchronous generator excitation based on saturation parameters and chaotic search algorithm
was proposed. Based on the mathematical model of the synchronous generator in a saturated state, a fuzzy
PID controller was used to control the excitation of the synchronous generator. The excitation control of the
entire synchronous generator unit was divided into a control stage and an optimization stage. In the control
stage, the deviation and deviation change rate between the synchronous motor voltage and the target voltage
were used as input variables of the PID controller, and the excitation control quantity was output to act on the
synchronous generator. The input fuzzy processing of output variables to achieve excitation control of synchro-
nous generator units; In the optimization stage, in order to ensure the control effect of the fuzzy PID, the
chaos search algorithm was selected to optimize the membership function division of different control parame-
ters in the fuzzy PID. By generating multiple sets of chaotic variables in the chaotic space and mapping them
to the solution space, the optimal membership division result of the fuzzy PID was searched for to achieve the
best excitation control effect of the synchronous generator. Through experiments, it can be seen that this
method can efficiently complete the excitation control of synchronous generators. The change in terminal volt-
age of synchronous generators from startup to stable operation is small, and after stable operation, the voltage

can be guaranteed to be in a relatively stable state for a long time. The speed of adjustment is very fast in the
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case of non saturation and saturation parameters, and stable operation can be maintained.

Key words: Saturation parameter; Chaotic search; Chaos theory; PID control; Synchronous generator; Ex-

citation control
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Study on Influence of Thermal Conductivity Adhesive on Heat
Dissipation of Small Brushless Axial Fan Driver

DOU Wang'?, YANG Lin'?, CAI Huaxiang'’
(1. Guizhou Aerospace Linquan Motor Co. , LTD. , Guiyang 550081, China;

2. National Engineering Research Centre for Precision Microtechnology, Guiyang 550081, China)

Abstract ; Taking small brushless axial fan driver as the research object, the heat dissipation solving domain
model of the driver was established. On the basis of numerical simulation, orthogonal tests were carried out
on the test temperature, heat conduction adhesive brand and heat conduction adhesive filling area. The influ-
ence of these parameters on the maximum temperature of the driver was obtained by the analysis of range and
variance , and the optimal performance parameters of the driver cooling system were determined. The numeri-

cal simulation results show that the optimized driver cooling system can effectively control the maximum tem-

perature of the driver within the working range of 125 °C at the ultimate high temperature of 100 C.

Key words: small brushless axial flow fan; heat conducting adhesive; driver; heat dissipation
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Research on Design and Key Characteristics of SMW
Semi-direct-drive Permanent Magnet Wind Turbine Generator

SHU Conghui ", LI Xia"?, LIU Zhonghua'?, YANG Bo’, XU Xin'?
(1. SinoAzure Wind Power Co. , LTD. , Xiangtan Hunan 411101, China;

2. National Key Laboratoryof Offshore Wind Power Equipment and Efficient
Utilization of Wind Energy, Xiangtan Hunan 411101, China;
3. Hunan Vocational Instituteof Technology, Xiangtan Hunan 411100, China)

Abstract; At present, semi-direct drive models have become the focus of research and development for on-
shore wind turbine models. As an important transmission component, the rationality of the performance pa-
rameters of the generator has a great impact on the transmission chain assembly. This article was based on a
5. 5 MW semi-direct drive wind turbine, and conducted simulation calculations on its no-load characteris-
tics, load characteristics, short-circuit characteristics, and other key parameters, with a focus on analysis.
Selected the structure of the generator stator and rotor based on the cogging torque data; Simulate demagneti-
zation by comparing the maximum short-circuit current values under single-phase, two-phase, and three-
phase short-circuit faults; Finally, this article proposed a simulation method to calculate the electromagnetic
excitation force of the stator teeth, and analyzed its impact on the vibration of the transmission chain assem-
bly through Romax software, providing a certain theoretical and practical basis for subsequent transmission
chain design and dynamic research.

Key words: semi-direct drive motor; tooth trough torque; short circuit; electromagnetic force
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Electromagnetic Calculation of a Wound-rotor Brushless Doubly-fed Machine
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Abstract; To calculate operational performance of wound-rotor BDFM quickly and accurately, based on the
magnetic and equivalent circuit, a new electromagnetic rapid calculation method was proposed. A 100 kW
wound-rotor BDFM was used as an example, the quickness and accuracy of the analytical method has been
validated by the comparison of the calculation data and finite element (FE) simulation results.

Key words: brushless doubly-fed machine; wound rotor; electromagnetic calculation; analytic method;
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Reserch on Asymmetric Concentric Winding Shaping Technology
of Coreless Motor

BAI Yi, WANG Yinbo, ZHANG Liang, DONG Chaokui, TANG Chunbo, JIN Jialong
(Xi> an Micromotor Research Institute Co. , LTD. , Xi’ an 710077, China)

Abstract; Compared with traditional cogging motor, coreless motor has the characteristics of high output
power density, small volume, light weight, stable operation, fast response, etc. , and is used more and more
widely. The forming process of cup winding is the key technology in the manufacture of coreless motor. The
machining quality of cup winding directly affects the performance of the motor. This paper presented the
forming process of an asymmetric concentric structure cup winding for coreless motor. The structure of the

asymmetric concentric winding and the forming process of the cup winding were analyzed and explained in

detail. The feasibility and effectiveness of the process method were verified by actual production.

Key words: coreless motor; asymmetric winding
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