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Modal Simulation and Comparison of Stator Core and Real Stator
in Switched Reluctance Motor

WANG Feng, JIA Zejin, XU Zheng, WANG Zhigiang, WANG Xulong
(School of Automobile and Transportation, Tianjin University of Technology and Education, Tianjin 300222, China)

Abstract; Switched reluctance motor generates large radial electromagnetic force during its operation, and
the vibration problem is more prominent than other types of motors. The analysis of the stator’ s vibration
mode has become a prerequisite for deep study of the forced vibration of the motor excited by electromagnetic
force. However, the real SRM stator contains not only the core components of stator core, but also the pe-
ripheral components such as shell, end cover, winding and heat dissipation rib. The analysis of natural fre-
quency and vibration mode of real stator is still lack of comprehensive and reliable results. The natural fre-
quencies and modes of stator core and real stator were respectively simulated by finite element method, and
their modal characteristics and evolution laws were concluded. The results show that there are dense local de-
formation modes in the real stator compared with the stator core. The idea of stator modal analysis and the
rule of vibration mode have laid a preliminary foundation for vibration suppression and energy saving and
noise reduction of SRM.

Key words: switched reluctance motor; stator; natural frequency; modal analysis; finite element
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Automatic Structural Optimization of the CFRP Sheathed Rotor
on High-speed Permanent Magnet Motor

ZHOU Xiang, XIAO Jianxiong, HUANG Pengcheng, LIU Longhui
(CRRC Zhuzhou Electric Co., LTD., Zhuzhou Hunan 412001, China)

Abstract; By using the Ansys APDL command, layer-by-layer tension winding process of the CFRP rotor
sheath on the high-speed permanent magnet motor was simulated , including both the application of the element
birth and death method and the addition of the prestress. Simulate setting efficiency can be greatly improved by

such method. Based on this, automatic optimal design of the rotor structure was conducted, which had a cer-
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tain guiding significance for structural design of the CFRP sheathed rotor with tension filament winding.

Key words: automatic optimization; high-speed permanent magnet motor; CFRP; tension winding
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Design and Analysis of Doubly-fed Induction Generator
Based on Field-circuit Coupling

CUI Hao, ZHU Mingkai
(CRRC Xi’ an Yonge Jieli Wind Energy Co., LTD., Wind Power Products R&D Department.

Xi’ an 710061, China)

Abstract: With the rapid development of China’s wind power industry, the competition in the wind power
market is becoming more and more fierce, and the pressure on the design cost of wind turbines is also in-
creasing. In order to further optimize the configuration of wind turbines, reduce the cost of wind turbines,
and enter the international market with the image of high-end products, the design accuracy of wind turbine
components and the matching design with other components of the wind turbine have become very important.
Generators as the key components of wind turbines, only relying on classical analytical calculation methods
can no longer meet the above design requirements. The analytical method was used to calculate the induct-
ance of the stator and rotor winding ends and the skin effect of the winding, and the field-circuit coupling
modeling was carried out with Ansys software. Based on the created model, the P-Q characteristic curve of a
6. X MW doubly-fed induction generator was calculated. Through simulation calculation, the electromagnetic
parameters of the generator under different voltages and reactive powers were obtained, and the rationality
and feasibility of the design scheme were proved by comparing the magnetic load parameters with the design
recommended data; The electrical parameters of the simulation results are in good agreement with the test da-
ta, and the average simulation deviation is about 1% , which proves the accuracy of the field-circuit coupling
model and the availability of the method. It provided theoretical guidance for the accurate design of DFIG
and the control design of DFIG.

Key words: double-fed induction generator; field-circuit coupling; finite element method; P-Q character-
istic; SVPWM
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Development of Torque Control for Permanent Magnet Synchronous Motor
With Low Resolution Position Detection
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Abstract: Mechanical strapping equipment often adopts the torque control mode of permanent magnet syn-
chronous motor, which is equipped with photoelectric and Hall sensors to detect the rotor position. This pa-
per studied the torque control method of permanent magnet synchronous motor when there was only Hall sen-
sor, including estimating the rotor position by using the average acceleration method, designing the current
loop active disturbance rejection controller to improve the anti-disturbance performance of the system, simu-
lating the PMSM torque mode by using Matlab/Simulink , and finally carrying out the on-site installation test
of the baling conveyor belt. The feasibility of applying permanent magnet synchronous motor with Hall sensor
to bundling equipment was verified by experimental test and field operation, thus effectively reducing the mo-
tor volume and controlling the production cost.
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A Vector Control Method for MRAS Permanent Magnet Synchronous Motor
With Adaptive Parameters and Double Sliding Mode Structure
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Abstract: Aiming at the problems of model reference adaptive system ( MRAS) in the control of permanent
magnet synchronous motor, such as slow response speed, low control precision and sensitive to parameter
changes, a vector control method of MRAS permanent magnet synchronous motor with parameter adaptive
double sliding mode structure was proposed. The PI speed loop and Pl adaptive regulator in the traditional
model reference adaptive system were replaced by sliding mode structure to improve the anti-jamming ability
and control accuracy of the system. Based on Popov’s superstability theory, an adaptive system of motor pa-
rameters was designed to identify motor parameters and improve the robustness of the system. In order to sup-
press chattering, saturation function and sliding mode gain which adaptively varies with system state variables
were introduced. Finally, simulation experiments were carried out by Simulink software. The experimental
results show that the proposed method improves the control accuracy and response speed, and has strong ro-
bustness.
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Hybrid Electric Vehicles Using Neural Network

Research on Vector Speed Control of Permanent Magnet Synchronous Motor for
SHAN Ying, TANG Baisheng

( The Sixth Military Representative Office of the Naval Equipment Department in Beijing , Beijing 100037, China)

Abstract; Hybrid electric vehicles have become the most popular type of vehicles because of their significant
fuel saving, on-demand power, emission reduction, quiet and smooth operation, and no emissions. The most
popular motor in hybrid vehicles has a brush DC motor ( BLDC) and permanent magnet synchronous motor
(PMSM) two categories of motors, PMSM has high efficiency and its inherent high power density, can mini-

mize the shortcomings of BLDC motor, is considered to have great potential. However, PMSM also has the

disadvantage of non-linear driving characteristics, and it is difficult to control efficiently with the traditional
proportional-integral-differential controller (PID). Based on this, this paper proposed an online neural net-

51

work controller for permanent magnet synchronous motor for hybrid vehicles to optimize the speed control
=

strategy during load disturbance. A comparative simulation using Matlab to verify the effectiveness and superi-

ority of this method. The simulation results show that the online neural network controller can reduce the over-
Key words: PMSM; FOC; ANN; vector control; HEV

0

shoot and rise time, which is faster than the traditional PID control, and improves the vehicle performance.
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Design and Research of Integrated Topology of Short-circuit
Resistant DC Power Generation System

WU Na', CHEN Xuanren’, YANG Du', ZHAO Xuan’
1. Guizhou Aerospace Linquan Motor Co., LTD., National Engineering Research Center for Small and Special

Precision Motors, Guiyang 550008, China; 2. Representative Office of the Third Army of Air Cargo
Chengdu Bureau in Guiyang, Guiyang 550008, China; 3. Institute of Development Control Systems,
AECC, Wuxi Jiangsu 214000, China

Abstract ; As the energy source of DC power supply system, AC generator needs to output DC after rectifica-
tion transformation at the back end. In order to improve the integration of 28V DC power supply system, this
paper studied a new design scheme integrating the structure of small AC generator and rectifier converter,
and carried out co-simulation based on the circuit-magnetic circuit of the product. At the same time in view
of the generator system and electronic components of different degrees of temperature resistance, oil resist-
ance of the inherent problems of different degrees, designed the sealing electrical connection structure. The
product integrates power generation, rectification and voltage regulation, with output power of 440 W and
weight of 1. 4 kg, realizing the lightweight and miniaturization design of 28 V DC power supply system and
providing a new scheme for the subsequent 28 V small DC power supply system.

Key words: integrated design; parallel voltage regulator; 28 V DC power generation system
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Cascade Automatic Control Method of Intelligent Dedusting Manipulator
for Electrical Cabinet

LIU Kangning, ZHAO Haisheng, WU Hao, XU Yangen
(China Energy Railway Equipment Co., LTD., Cangzhou Hebei 361024, China)

Abstract ; The cascaded automatic control method of intelligent dust removal manipulator for electrical screen
cabinet is studied to accurately and automatically control the manipulator and improve the purging effect of
the manipulator. According to the cascade theory, the outer ring rigid rod system of the intelligent dust re-
moval manipulator and the cascade dynamic model of the manipulator composed of the inner ring joint motor
rotor subsystem were established, and the outer ring and inner ring controllers were designed for the two sys-
tems. By entropy clustering algorithm, the convolutional neural network was optimized. Through the opti-
mized convolutional neural network, the joint angle control quantity of the outer ring rigid rod system and the
motor angle control quantity of the inner ring joint motor rotor subsystem were approximately obtained, and
the two control quantities were input into the outer ring and inner ring control network to complete the cas-
cade automatic control of the manipulator. The experimental results show that the method can effectively con-
trol the joint angle of the manipulator and the motor angle. After the application of the method, the torque
curve of the manipulator does not vibrate, that is, the method has better vibration suppression effect. The
convergence time of the method is shorter and the average error is lower when the joint stiffness of the manip-
ulator is different.

Key words: electrical panel cabinet; intelligent dust removal; manipulator; cascade type; automatic con-

trol ; neural network
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RANGOL, S5 T W IGBT KM Tk, &t T IGBT RYmESH, ZrHr T HCRSS A A AR RE . S 2B T
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Thermal Performance Research of High-power Driver Based on IGBT

ZHANG Qinqin, YANG Jianhong, LIU Zuochang, MA Binbin, GUAN Xingbang
(Xi’ an Aerospace Propulsion Testing Technology Research Institute, Xi’ an 710025, China)

Abstract: IGBT is heated easily and seriously in engineering applications when it is switched frequently un-
der the high-power conditions of the high voltage and large current. According to this, the analysis and cal-
culation of the heat generation of IGBT was completed in this paper, and the methods to reduce heat genera-
tion was concluded, and the heat dissipation structure was designed, and the heat dissipation performance
was analyzed. According to the validation of the actual working conditions, this paper provided feasibility of
the method to estimate the heat loss of IGBT and the scientificity of the designation of the heat dissipation
structure and the rationality of the resistance calculation of the heat dissipation structure, this paper provided

the model and the reference for development of the high performance motor-driver of the high voltageand large

current.

Key words: IGBT; heat loss; heat dissipation structure; thermal resistance calculation
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R, KU KU H0. 0257 m*/s, MR KU 5 K
HIKR Q=S ~u, X, Q AKE(mM/s), SH
RGBT m A (m?), Rk 4 AR, PR
R, BN, H RO X 0. 10267 m'/s, W]
LR N 11. 466947 m/s,

K Z B AR (9), SRAT I 3% BBy
0. 030208782 /W,

4 BIAERERD
HRAE IGBT e A ¢ . A AL K AA R

SERR ) ATIEE 2255 T HGR S AR R R, B
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M E: MEXILHEMNEREIARE, &6 T mlSP X7k AR K fE 59K & H LR S0 S8k G > ELIK
R & B AL DRI B 2 . AXSCLL 5.5 MW R ik i 2l BLORIRU & AL I AR X 4, A48 1 2 H AR IR 3
B B R AR R ) A B LA FEAR G A, ST TR LIS FROC T SRR, 4387 T V7 B ok R A5G 2549 1) Kk i
LI 2 B e 5 S 3R, T T IS5 M T REBELFG JE 5 A RE e R e LR SR R ) o LS S 8. TR S5 40T,
R T V7 IR R ARG T 2540 1 2 EL IR RE I & AL R A, O SR 2k ELBKOK BE XU & AL iE— 2B I IF R B T
ORI 5 S K

KR FEHIMR I L, AL ENL; MM, AR

FES S TM315; TM351 XHEFRERE: A XEHS 1001-6848(2023)07-0051-04

Design and Research of Hybrid Drive Medium Speed Permanent
Magnet Wind Generator

LOU Ligang, REN Shaohua, WANG Zhen
( Flender Lid., China, Tianjin 300400, China)

Abstract; Taking the 5.5 MW level of medium speed permanent magnet wind generator as the research ob-
ject, this paper introduced the basic structure of the medium speed permanent magnet generator, established
the generator finite element calculation model, analysed the no-loading and loading characteristics of V-shape
magnets arrangement permanent magnet rotor structure PM generator. Additionally, the corresponding elec-
tromagnetic torque of the magnetic resistance torque and the proportion of the permanent magnet torque pa-
rameters were calculated. This paper also summarized the characteristics of medium speed permanent magnet
wind generator with V shape magnets arrangement-rotor structure, which provided the theoretical foundation
and basis for the further research of semi-direct drive permanent magnet wind generator.

Key words: medium speed wind generation; permanent magnet generator; reluctance torque; finite element
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K NEIXI KL KRN BRAREE; B
HmE4SES . TM31S; TM351 MERFRERS: A T EHS . 1001-6848 (2023)07-0055-04

Research on Design and Electromagnetic Characteristics of
Small Wind Turbine

LIU Zhonghua'?, SHU Conghui'*, YANG Bo’
(1. Harbin Electric Corporation Wind Power Co., ILtd., Xiangtan Hunan 411101, China;

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

Abstract; Small wind turbines have strong applicability to the environment, can improve the structure of elec-
tricity consumption, and will play an active role in promoting the green and low-carbon energy revolution of en-
ergy, which is not constrained by the installation site and has a wide application market prospect. In this pa-
per, it presented a design for a 22 kW small wind turbine, comparing two different pole slot matching schemes
a 20 pole 72 slot and a 30 pole 36 slot. The one with the best overall performance was selected for specific electro-
magnetic scheme calculation. A relatively complete simulation of its electromagnetic characteristics was conducted
from the aspects of no-load characteristics, load characteristics, short-circuit characteristics, unbalanced
magnetic pull, electromagnetic force, etc, validated it based on the results of the prototype type test.

Key words: small wind turbine ; permanent magnet motor; electromagnetic characteristics; electromagnetic force
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Review of Rotor Position Detection Methods for Bearingless
Switched Reluctance Motors
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(Guangdong Key Laboratory of Electromagnetic Control and Intelligent Robot, College of Mechatronics and

Control Engineering, Shenzhen University, Shenzhen Guangdong 518060, China)

Abstract: The bearingless switching reluctance motors ( BSRMs) is a new type of motor suitable for ultra —
high speed applications, especially in the fields of aerospace generators, energy storage flywheels, ultra —
vacuum semiconductor processing equipment and so on. The premise of high performance and reliable opera-
tion of BSRMs is the requirement of accurate rotor position detection. The review of rotor position detection
method of BSRMs was presented in this paper. The rotor position detection methods of BSRMs based on pho-
toelectric and magneto — sensitive traditional position sensors were summarized. Then, the rotor position sen-
sorless methods of BSRM, that was applied due to the complexity of the motor structure or the harsh applica-
tion environment, were analyzed. Moreover, the rotor position detection methods of BSRMs were simulated
and analyzed. Finally, the development trend of rotor position detection methods for BSRMs was pointed out.

Key words: bearingless switching reluctance motor ( BSRM) ; rotor position detection; position sensorless

PR MEREIL S I 2R

51 &

Vol. 56. No.7

BSRMs F55 E 12 17 MO T-R5 5 1 5% 1 ff Ao

T 25 1 T S 1 BH.FB. #1, ( Bearingless Switched Relut-

ance Motors, BSRMs ) J&— 5 8 18 i B 77 B HL, K
R AR AR I SCRE R LA S A1, il s LBk
E - Z B 1% 3 1 S 90 H AL 2 - 1) DG 422 A A 7
JiEhs . ML TEGIT CHEF L, BSRMs HoA7 JCE
B Al mEBE R I RARE, AR T L4
TFPRRERE A LAY AR . Z5AE 1) B | PRI M o |

KRS EER: 2022 —12—17
E£WAH:

B BT OB WAL G Iy v — M A B B AR
BRI . G AL g i A AL AR EAT BRI, %
DI AR B AN 7 vk o B A I T 1 A A
RUBERVERT 0 Al AR, BRSUEIE AR A AL
SERIRY S IR, [ o 4 A ARG DU s B2 R T TR
PRI PER, ARG E RS . SR
BARIETT 1 A R R LR AL A I T 3 LA [

B % B A F A4 (52277061, 51907128) 5 )~ A4 B &K A5 K4 (2021A1515011704) 5 IR B KA & 4 K B AT

¥ 5 B (JCYJ20220818095804009) ; R I i A s % ¥ £ 5 B (JSGG20200701095406010)
RN T m(1999), B, MEHRLt, FLF @A LRIt SiEH,
BIWEE: "7 (1986), %, 4, S1#I%, AR @A kiS5 EH,



. 60 - @ AU 56 %

A IO EAR RO 1R AR B F A 5 e i
i) e e A5 B T R P A S AR Ok L LR
X EAREITIE RIS B a B, 208 AL
i SR BT R

AICHEZ71R BSRMs HYFe 10 B A 7k, LAY
4 BSRMs {£(t5%

1 HEYEHRRE

B TR T 5 B B HE WL A 52 1 L 20 258 19 2L 3 i 4%
4, SRR EEE A R IR e, HoP A gedih
RN L84, BB T AR I ) P S 8 20 7 AR Y v
BEREH, DL TR SR 4 7 A BT 1, R E T AR
P B Y EAT IR R, s S8 2 3 F T ) A
KN, RSB ML e % Fig& 37 . BSRM =/
FERR LR 5T C RGP A ML — B, R TESS# b
PRP LML ALY . W& 1 7R 12/8 # BSRM
MREARLER, HBPLE T M ELH, 4 liEiE
HEE R A 0 S SR 4 R it B F i B gea
T TS M e ALY B A5 K, PR P L A
AL 2584 .

2 iyl

Bl 1 12/8 XUZE4] BSRM 544 7R 2 &

T S IR R 3 A R A B R BR G
AFERIVERT, W37 0 i ) A 45 e ol - 7 A A v
0, R R A 4 B SR 1L D, B
RG34, DT S IS 1 AR 1] i o
JRERANS . HXF A AR AL, Koy ELRA
USRS AE TP 1 A G2y —3, Friwid
LGB 1AL R RS D7 I AR TR, (A5 0t
ACRERE I R MR 2 Ab ) L I S Y
LRETT I A, AR 2 A st s 7 Az AR T 9] A
Gy, AR 2 AR RE R . B AR A
TE x i A g m a7y, BB mms . 4
PRAFIREA G U O 1] R R /NERAN AR, AN el 8
ST = &4 = N S LR sl B = e oy [ o s O
RS [FIBE, 76y J5m) b A 45 ) i i ) i

HURN [ —3

RS A ARBIE SRR BT AR/, BERES
SRS TAE x fly I AR R TE . MIFRY, 456 B
FAA C RS2 S8 20 938 Fi 7 1) RO R /)N, g
P T A R TR /N R T 4 7 1) B 0 ok S R
Ry it BT

2 7R Y —FORUE T-454 BSRM, X Fft L
TESSHY ERIR T 17 7% B W28 20 4 v 2 1 Hi BL 2
W, ABFE TAEBER PR 020, SUE T-4540
PUNSMIL b S 2 2 S8 20 FILR T SR 4L R AT 40 1,
TLH A GELETEE T b, R IR Le 2 W g ZE 7R % T
PR, PRIHRUE 745 14 10 32 B s 2 F LR A
WANE THE, ShE TR LR TROTESE 0, N
TR TR I EIE J1, I LB R e 57 4%
il XFUUE T-45 K919 BSRM AR L T A L8 4145 4 v
BLHE S T, IF BLGEME Sed a7 s, ) fe 4
T HL LIRS RS 2 ] A s
PR )55 F) 1 i AL, 76 T 0 BB - A A% R IX 5],
(R NZELR 7 3 HUAL R AR A5 i f) DR L 1 77
TE2ESE,

K2 12/8BSRM 25477 2 &
2 HFMAERNGE

2.1 fREENTE

e 458 ) o7 B G I 5 2 P AL A R A R A
LR R G PR Y wT R 2 A A, g
RO BRI P BB T A, WAL ] Hr
IR o R A AT B SR B A B 17
BEE, WHIaS R0 B AL B 5 B I X
EMDARER R AR G 00 95 ) A% E 18 Y A s 2 4
LE2H I A HEE BOCHT

LB RS RIS 2, Hie BRI AR A0 I Jir 2
SR NG S A S = N | M= W 7 4 6=
2l T e SRR A7 A s DR LA ER 1 Ay B
¥, S R B S, B A A A I
b L bR B NI I ER TR R o SR W S PR WY



73] i WSS RERRFIT OCHERHL R ML EAS I 5 TR 2k - 61 -

F P BERAYRR AL, BT R s BT N TR
FER e LV VA R (R Eir SR [ BN E AN TR AN £ N
NG ATEEVERS, ESDE RIS Rz

KPR, £ E 7O AL wam
i PR A e gy — 2 A5 G A7 B A% TRt A G 00 D 1L D
DLk

®1 BERHMUEERRISE

R S G VRS
% HHLR 4631 FAENTTE A, WHA
SRR A G AR BHOE 6 L o 2B e 1 (7
e N T A T A e A Ay
55 5, S AR AL, SR T
YEREET A\ g B -
s R L SRR B R RRIG, SRRAREL ST, LA A

I} 5y 2 0% ik b

S, ARERHBSET L, HORHERAT

HERAL, I AR

2.2 FAEHRENTE

o BAGIREL AR AE T LA 4P ok 32 ) KA
FHETE, ST RBE G o A R
AR E LB ER BRI SN E S,
BN AR, AT RN AR
FIHL A5 . BSRM 9 JG 37 A% S8k i) 3 B A0 45
VU, iR T AR A L R AR I R
Fnoe AR BR A DU, POOR R B AL
HLTRIE R Ik . BEsE — s . REEEYE . Wi
Pk | ARSI B AR INE . N TR RER AR

(1) HL BB AG I

FLTE 1985 4, Acarnley 55 N 42 HY A TS840
HLVR DI TR 1 0 ARG I 7 T, A R Oy
BSRM FEiz 17, ZE2H 1Y L I A8 A AR E Y SR S 4
HLE B, TS [F) A% B 0 B o FLUB R/, B+
{7 B A L RE A A TR R o

CERTIREN 2N NS oy

U=Rm¢(&%§+ﬁ%§ﬁ (1)
T 75
AL -Ble" +B
L(Q)z[ 0(0>A :I + (2)
s, 4 =900 p U2 o) — it
ZIRAEE

FL AR T A DU D SO A A e, (EL A 0 ) 32k 2
JEFE/IN, LB AT FUE A TR peah,
RINEUETF AR S A%, M5 5 i AFTE W R A
Al ZWE B2, LA K A/D SRR FIE A S5 X7 ARG 1
BORZERE DL, FEXTLA B, I BSRM ¢ 58
ZARUCIE L R L, R ARSI i ad A AR S A AT
R A i 2] R

(2) % - MURE

1988 4£ N. H. Mvungi 28 A2 H T #i8% - BR

L BRI A AR I 2 R L o R SR A
L S LA B A R U 22 ) 1 5% 2R EAT R o B AR /N
W, G nl A% S8 AR L A S AR A, LR
TEEMy, BEHES5 5 00 B A R MM 3 From;
REBETEERS, MRS H T E RN 4 fron, #
it - AR G R S, W IR R T s
S, B TE TR IS BE R e R TR

U(o)

P4 R I R O A 1 0 R 2%

(3) WEHETE

1991 4 J. Lyons 2 AR BEREE ", X R
T EAGIN T 0 B R SE TRERE . LR AN T
BXRMCR, AR HRNE, B850
B [RS8 BORESE L K L T s i R B, IRl
RPN, s T B TR, PSRRI
VRO, % B M s T LSR5 5 107

T VB A DT (B R, (ELAE Gk Fe A% 1 A A 25 (1]
RN, BRI, AR BRR R,
2001 4B IR 2 45 AR 1T — ook G 6 12 04 7 4k D7
W, ARSI A, HE AR S T



.62 - @ AU 56 %

B E AT, R TR . HF
— B MR AR AT o R R A B, L RE A R
(4) BRI P
PR PR DS 1 2 T e L O A e ] S B A
BrEPY IR IR, IR R
fE AR/ MEIC N 1, M0 1, U SR/ MEE T2
FRRARLA IS T3 Ry b T I] ¢,

\J

0 ﬂuu [ 2 0,1— 0, é

5 HIRSTIOE thZk

AL ALRH L T N
: cdi, o
k
fE— AL, SRR LTy
dik ]max_]min
P )
A B33 B
1/
“ R -k
W, T T g
ALk_'aQ =k Ai (5)

BT R B, AT ESMINIAE S, fem T
HUBLA AT aEdE, (HIZOT A PR T A il s it LA
RIS, TEXERE R sh S 2 A s oL, T ARG
BRI E SR, RS A SRS TR,

(5) B hnocFk

BRE NG A5 2 3 o 50 A 7 R AL 8 A R A Ak 22
POufE, LR YIS 1T i A v oo AR L e i JE 3
AR S, AR BT IR 6k A5 S AG 5 e T 00
BRE TN ITAFIE 2 2 B T e, 225 RS 3000 5 A0 B e 2k Pl
I EARIE BN BT AN ]

FAEAPF R A 32 7 A R ML SE 1M T 22 e F
HUAICIRE TR —RE R, 575 Aot i al
— A HA SR HAEPLBEREIT, A AR B T B E] FE
Wk A R S, BRI AN AES T
ATy I U R R X S VA R || A =
BRI, SENIVESR , AN PSSR R I T A R
Wi SRR IR HLAS A S 2, AR A
BN BB AR IR 2

W T e JRR ARG 0 32 i 4TS R R e A 5

LR -, o n] LIS 3 B 0 2 Rl Y i 8 Rl 5 -
() P PRI o e MR B (1) 42 mT 43 g I A S B W o
5T B 2 P e R (L RN R B =, (H )32 B
W, AR . BT R R S T
Bk, IR ERBIN A N IC 1 R B
A ] 0 2 S R 2 K A e

(6) TR LI 2SI 7

1986 4F Hy Lumsdaine & A #2 R 25 0 I &%
R DO EE | K e A R I EZ AT R 0 S-S
HAUA PR A I A ZARS I 78, HE Sy 26k
RS R AT A 6 Hh R Fl G A SR IR 38 T AR A i A
A i, FEu, O E A SRS, @k
BSRM [ B HPIRZS WL f07 Fe- 7, e MR Al o 1 75
AR AR, SEREME A T E .

TR AL PR A, r I WL 0 25 P e 4
25, ARE 52 B 2515 B 1 S 8028 sk A AT
PE RS {5 S iR, ShASPERER 22 FImHAr
EREIEE A, TR B TERE CPU, (H 2R WL
TN (A 5 N N 2% i N O] ) | T G i e |
ML, I H AN R I e 3 B0t T e

(1) AT fesk

Bl 25 e A T B PRl R R, R e 4R A B
ZHIATC EAL AR 5T T

2002 4 ErkanMese %5 A 42 H 1 I 0 28 70 9 4%
SCPURE O AN, HOEA B . TR
AN 2k FL A 1) A 25 0O 4 36 2 1 o0 S R AT AN O, Mg
I 24 411 2455040 4 T LA ) A A0 R R I, A
BRI T A M S I s b kg, T DL S I R
TE, #EEmEHEeR, Wil gk s R,
FE VAT Ya S VA N T Ll i L el T E | BES R B S
M2 225 I Xt i T AT IRAIE . %7
DL R JO T A ST e MR A . O B i B 17 L AL
B U R R R i YIRS A K Y
4> R

3 hESH

BSRM 7Efieftiztrid #irh, 2 AHSGEZH 0y i e IR
PR R4, X TR R BH F AL ) B ) iy
i, BRSNS B AR R, X
S LT SRR A S T A SR TR
LBt AR AR AL AR SR A Y 42 i 40
HLBE AR, SRR b [l H LR Sl AR A
Skl , RO A T A R

T B TG 7 B A A T YA AT AT, BT
Matlab/Simulink % /4 B9 15 E W 5%, DL 6/4 45 H) Ky



73] i

%5 . RS VR SR RE L By i 55 <63 -

BSRM #E4778 #8040 L, S8 20 L S vt R 301 O 90 JiE,
T 53 PRI 1L 1) ) ST T [ o A0 608 i B3 A (LA Y

B prE M, WA(6) R, (B E S

0° ~45°, H# 2 1000 r/min Z504 NS TR . W
BE . BB R ZE T EOE .
w=M
{ A (6)
0(k+1) =60(k) +o - At
0.24 [ AHIEEE ~BHEGE - CHIFGE]
. 0.15 f/‘ /[ /l/
= ' "
E | | | i
= 0.08}! f ﬁ ': ,f /' ol P
Pl /l b /'I by /1 !
AN AR AN AR RN A
ol 4 i d
0.1 0.11 0.12 0.13 0.14 0.1%
s
El 6 = Awgimss
O = Akl — pgon - gl

K7 =AHA I SS

LimH
5

/

l

UI

nuwwm

|—AmmL;-ume - CHIEE

i

) ‘f

'll “ :II

0.1 0.11 0.12 0.13 014 0.15
tls
E 8 = AHHLERZER
100 s o
—— SRR - - i
80
S 60f
g
:E
= 40}
-
201
[
0.1 0.11 0.12 0.13 0.14 0.15

tls

K9 A MEZER

L& RHEC )
<

B10 g

W EE R LA, BRI SEAmE . R
MRS, 7RSS S IR RO B, T
MrAEGE, FRA G LR HORURRRR S0 B [ A]
[ D= R o VA R GBS A = X VA= w1 T A
B, MR LB W ER AL 1T, 39 9E T BSRM
P TCAL EAR BT B AT AT P . FESEBR B Y, R4
HLBME 5 2 52 B A R R A 52, 30 S R0 iy
HUERINZR . SRR 44 ] MR 4l H ok 22 4 iR 22 AMEE Y
R vk, DASAEREGEAE A AR o, A8 U EE R
BV &, I H S RO R AT A, BRAR
WEMO RN 2, SE PR B ARG B A B

4 % iE

ARSCAEA T 44 BSRMs 1247 4 5 1 T AR J B A S A
I, X BSRMs fi = 256 B A I 5 k4T T A
ST o EFXTO B AL RS LA F A, TR
BE T B AR RERE - Rk . WRbEYL . A
TR i . RS 2RI . N T Rk 5%
Tofr BT 2. AT, BSRMs {7 & &5 I Jr i ) &

Bhefe . ML . SRS DT M AR, To A A Ik
TR A, BRI T IRAMR AN

S 3Lk

(1] TE#, BEW, TIAR. —FhIJCH7R RGBS 77 58
AT[T]. EALS IR, 2013, 17(1) : 7-12.

(2] BRam, shigTe, PNERME. JFOCRERH M ML) IR O 8 1Y w8 R EE AG T
[J]. AL, 2020, 53(4): 50-53, 82.

[3] PhEH, ZEF, ¥k, 4. BSRM R CHEH R L RLiR
[J]. B THAR2EM, 2015, 30(22): 18

(4] =B, #hEM, TR, % RARSURE T I SRR AL
RIRREESTLT]. P EBHL TR, 2022(9): 19

(5] zZEzZi, TEE, g, % LT YT R B AL
EARASERT]. AL, 2021, 54(6) : 76-83.

(6] ®&. 12/8 WMICHIATTREFLHRALADIE[D]. Mat: BT
ZRKE, 2010.

(7] ZEZ#, TEE, Wk, % T U0 I R LA
AR LI]. BRAL, 2021, 54(6): 76-83.

(8] Wi, W, =¥, % REHIREXGE T 1= 77 T S mE B



.64 -

it @ U

56 &

(9]

[10]

[11]

[12]

[13]

[14

[

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

ML RERFE T PTLT]. BB bL, 2018, 51(12): 6-13.
RN, I, BUEE. 8/6 M LR AL BE: I IF DGR BHL el AL EE
BESAHLI]. eapL, 2014, 47(6): 9-14.

TFRHEFE LI R G R R OFFE [ D], dbst. dEmscik
2 2017.

SR, R T OCRERH F LS (o EAZ AR T [ D]
RS AIR K, 2017,

R, PhEM, WAUE. REEREFF BRI PLTET].
LB, 2007(7) : 79-85.

JARZE. FRIXOE F TR I B ALY I 53T [ D).
LBH: TRFH Tl K2, 2022,

P AL :

kAR, XU, whey . T AR R R A A A IT S B L LG
B AR [T]. LS & %4, 2019, 23 (11)
109-117.

BRSO S TEIT RREB A LS AT ML O B et
[J]. ®fHHL, 2012, 45(8) . 18-21, 49.

W, XIAF, MBEIR, . LR 12/4 HOu R IT CRERL
FLATLAS 4 RIS UF 0 I R BE S S B [T ] W TR R 23R,
2018, 33(15) . 3527-3534.

g, L&, KmV, S SUETIFCEEBH AL B 2 A K
AR T]. HWAAES, 2020, 50(12) . 111-117.

EfrE, K, EHM%, % BEREHRAE TSR R L
Tl B AR Ik (1], Il 5 AR R, 2021, 35
(7): 202-209.

R, K, SR, % IFRBEBH AL 7O A R
ZER(Z)[T]. B, 2011, 44(4) . 76-81.

JRIZRAE, BOME.  JC7 A% IR A T SCTE BEL R AL (o7 S AG I
ALI]. WA ALd), 2006(2): 8-16.

W, SR, ERAR, & T RIOTIE S AR KR
[0 R AL o B A D vk S (D). R CAR A4, 2021,
16(4) . 78-84.

R, 277k, X0, A5, KREIR]AD ML 700 46 A BT
FLRRII]. WAL, 2021, 49(9) . 4752, 62.

ZENAE, $A. AREIR) A LA TR0 AR AL G B AR B ST Ak i
[J]. ®EFRHE, 2021, 34(4). 24-33.

Paul P. Acarnley, Roland J. Hill, Clive W. Hooper, et al. Detec-
tion of Rotor Position in Stepping and Switched Motors by Monitoring
of Current Waveforms|[ J]. IEEE Transactions on Industrial Electron-
ics, 1985, 32(3): 215-222.

Mioe, skiaWl, sk, 5. TGRS0 Y IR T G RERE AL
DR B e i A U R 9T [T]. M TH R 24, 2018, 33
(23): 5410-5417.

IhE, TR, WKL, . OBUE TREIE T RE B s AL
BROE S EEETE I EM ] LS EENH, 2018, 45
(11): 7-14, 20.

Lyons J P, MacMinn S R, Preston M A. Flux/current Methods for

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[40]

[41]

[42]

[43]

[44]

Rotor Position Estimation [ C]. Conf. Rec.
1991 ; 482-487.

JAZALL, IhES, Y. BUE T RER I OCHE B A ML RS 102
EAARKMLII]. PEBELTRMR, 2016, 36(1): 250-257.
PR, 22RPE, XML Bk T RFAE o7 B X IA] i e B B 24 3R 1Y
SRM gt o for B A AR (1] P AL T AR 2240,
2022(9) . 1-12.

A, BT, ARfE. BE TR A O B AL T AR
WBFFELT]. LS ERI ], 2014, 41(10) : 47-52.

M, Efe, ETUR. JoRRIT ERERE LI AR LI &5 ] 4
PrEGMAETE [T]. PLsH 5 A 34k, 2021, 50 (2):
185-188.

EGr KBRS L 7 A B A BT D ] WL
el R, 2006.

Edra, JRANVE, X, S5 T A AL AR A X LA TT %
TERHAALTE 7 B A I il T ik [T, L T AR 24z, 2020,
35(20) : 4296-4305.

IEEE Ind ApplSoc,

Yi Wang, Honghua Wang, Jingwei Zhang, et al. A Piecewise Ana-
lytical Model of Bearingless Switched Reluctance Motor for Full Rotor
Angular Positions [ J]. Computation and Mathematics in Electrical
and Electronic Engineering, 2021, 41(1).

FIR e, MO, I ICRERE F LG L A 5 v K S BEBOAR B 5T
ZER[)]. MHEHR, 2008(4) : 1-6.

FAL FFCRERL B 707 A P i R 5 [ D). 1a
IR WR/RIES TR, 2018.

Yan Cai, Yan Bin Wen, Chen Hui Wang, et al. Detection and its
Application of Real-Time Rotor Position with High-Precision for
Switched Reluctance Motor Drive[ J]. Applied Mechanics and Mate-
rials, 2013, 2701, 415-415.

JEL K 8. I ST REL P Bh LR 5 B TR SR I A W5 [ D ]
WEIRIE s MG RIEHL TR, 2014,

U, ZER, T, B FETRRALE R M T RE L R
HLEAL B AL s st dems [ T]. s pL 5450 1, 2018, 45
(12) . 12-18.

Do-Young Jung, Young-Rock Park. Speed Control of 8/6 Switched
Reluctance Motor Using New Rotor Position Detection Techniques
[J]. The Korean Society of Industry Convergence, 2003, 6(4).

Wk, FALRLH BSRM LA BAZEARITC[T]. FEHAR, 2015
(10): 4-8.

TR, BET MM R IT CRE L ALIG L B AL R EHE R [ D]
Kik: KRiEwF R, 2019.

S SCHE. JFICREBL AL Je L B AR AR =R [ D]
FET R, 2015.

VPZAE, BN, BRnst, . ST AR B A T OCRERE
LA T B MR ZAMET T ] B T H R 24, 2020, 35
(8): 1613-1623.

AR e



BS6E HTH
20234 T H

@ L

MICROMOTORS

Vol. 56. No.7
Jul. 2023

ETEEWRNENAVSE AL

A&, LR, TEE, § &, & 4
(IS B H AR 22, Uil P 5T 628040)

& E: ASCLLSTC8A RIB R ML T —FKF A LI, ZHAERMRE . B REMIMER S
Tt ARG R AR UK Bl ) 22 S IR IS AR SE B, SE KR AN 3 R AR B R G E R A OpenMV #E
P, BRI Tag 152 8 ESNE; IMERG FEH 8 AR\ B B EEHURE, LLSE U i TR )
it St KEMNA, FrissdtpLas N 4orERE R AT, REARGFHSC TR DI AE, HA —Er stk

SRR T B BhfE; WUEEEKS); OpenMV; HUMUE ; BRAHL

RESES: TP272 XEFRERG: A X EHES . 1001-6848(2023)07-0065-03

Design of Wheeled Robot Based on Intelligent Logistics

DENG Jie, WEN Jiaxiong, HE Yuanyuan, XIAO Qiang, LI Jing

(College of Intelligent Control, Sichuan Institute of information Technology, Guangyuan Sichuan 628040, China)

Abstract ; In this paper, a college student’ s mass entrepreneurship and innovation competition robot was de-
signed based on STC8A series single-chip microcomputer. The robot integrates cruise system, perception
system and motion system. The cruise system was realized by the four-wheel drive McNaim wheel chassis,
which completed the line patrol and autonomous cruise functions; The sensing system mainly used the Open-
MV module to complete the specified action by obtaining the Tag instruction; The motion system mainly con-
sisted of an eight degree of freedom mechanical arm composed of eight servo motors to complete the capture

function of express. After a large number of tests, the designed robot has good performance, can well realize

the preset function, and has certain practicality.

Key words: cruise; perception; action; four wheel drive; openMV; mechanical arm; singlechip

0 3| F

HAT, 782022 AP AR S HHR L EM T
(HLES A KRV S 8K (2022 —2023) ) 4R 45, 7
AT, CREYITRALER ARSI A 2022 - 2023 4
FHMLER AL

T AR 2 WS B T AR B SOR S R
Xif A BT STM32 B R HLIsEH T — 38 BE IR
BAIEEHLEE N, BB LD MG AL B RS AR IR H AL,
P35 PID By AR 2] STM32 - Hlr, SEEXT
ZHIKEh A sh ks Hles N AGV £ Gt 04 Fa & 1 705 458
Wl BRSESE D BT T —Hn TR e R s AL
PN, ZHLEE ALL STM32 B ML R R iAo, XA
WA . ALK S Bt iR A .
B . B . AEAL. R AR R AR B SE A

i EE: 20221209
BEEWMB: J ¥4 FHAE %3 8 (21ZDYF0041)

Bttt wEEAiie, ST AR R PR
Wiz o ARFYU AR O YR Bh 7 B 1 2 AR R
ShbL e N BR R ] ) A, P T — MR R AR SE
HERL BT A B I AR e 22 0 R o SR, Il
5 EERUE TS A R o

ATt e X PRALA N, i Tl i 7
Hl/NGE AT RE; SR A OpenMV BR3P AprilTag
B2, SEBL A FE TR i SR & G o8 s AT
W HRASCEROHLAR N EAESE + Tm A+ 75 - Pk
HRPR” DU R A LE RO A AR B Al SE B8 P oAk =
FE,

1 REEEEN

RAEHIELRMAE 1 i, RIERFEXIT, @
TEHLAE A FEL 275 25 STC8ASK B H-HL . 1B ¥4



. 66 - @ AU 6%

i DUBK A va g W AE I &L . OpenMV ) H} i $2 45
B JNAMBEHUE . 2080k IR SR kT A
FREFF Y A HLAE A A

FPRENLER AT Z 2GR I Z 28T, KRR
WE s R e BER S . REE3E, MR320
W EREERN S 5, I REEE S5,
RAFNES IO, SOWNER B2, =S
nggfﬁﬁﬁﬁiﬁU§E$%T44 ERYETAE AT =, PLSEEAT
o HUR AN EI AT DI RE; il AL AL AR LG OpenMV, iR
pill AprllTag 64, SEOL A FKAUAY RHKE ; E
REPLBR SN &%, HIALAE 78 BRI

TLIC BSR4 TN

o5 PT1-70
6
> OLEDATAE
P54-56 |ad( P5441P5 54|
P64—60 P3040
MCU
Po6
{STCBABK64S4A12)
UART3 YT
L__(MR320) | (POO/OT) UART2 ‘E\ﬁ,?}%'gm
HLAFILIE—P4/5 UART:  UARTI (p1o/11) (Bug.linker)
(OpenMV-HT) (PUZA3)  (P30/31) s

PC AL

K1 RGRMAHER

2 AR
2.1 EEEH
AR RGER U 23 7 2016 44 i 1) STC8 R 41

8 fii STC8ASK64S4A12 L, Z B A HLEFA 4 4
AHEL A S7. A B L1 AR S UART, F N4 8K 77 RAM
FI64K 545 Flash; [RJ %5 5 HLAE ST A% AL T
ST RGN AN T RE AT LA i 2 e S B AR
ZATG BRI DA s R b S SRR R L, R
T B 7 Ml /N R G I B A AR i R JE 58,
ADC REEREE R, PSRl & BB %
FrbLi AR SCBEITHLAS N TAET 2, HAERefa e
g,
2.2 iEEEHIER

ARRGER I MR320 i3 REHe, 2Rtk ] 30 B 4%
SRR | MR | FREE + MR AN AR,
TSERTER, G BB i A R,
ot AT R o

5 F AT BE AN R A, ALEs A AE T
YRR 5 5 4 0] N B AR PR B T AR U A T,

EERRASCRAOL, et al DU Wi 04, ok
HlALgE N B SRR AT DA W TARR, 426l

WAEEEEW TAEHL, 58 U N #) iz T AR,
[ 2 3k MR320 Hi &[4 .
+5V
é 101 .kl"I—JTxn_x1n320 LS
3 103 st T
—104 (,i\ﬂlﬁ_@_ i SPEAKER
MR320i% {5 Hib —

GND
K2 MR320 %A

2.3 ETHRAEAKATESR

AV aLas N, HERTEE 22 W) i P 45
TEM. Mlas AR 3h Iy X F 5 AR L A &
HEATPIR, IFR DU A e NS SIS 4% o T4 I,
SETEATRUBRAR AR . HIBT il R AR, Hlas
NI AL AT WA B T i 45 22 2 — A G H AL AR,
A PRI A BT ORI R Rz, R 2o 3
LRST P B B L e R R 2 2 R R 1R 3
B

OUT _Lel auT —I——I 10
OUT Left 1|

+5 3] Yec O L1 Gup
=~ GND 2]y

= I oo i :
GHD e B Hmini 5y QUILMiddle 3 | oppy

OUT2_Middl:_4
[0 OUT3 Middle 5

OUT Bik: 3
——— our
+5V—— Vee
By L

FeH A B imini

L

ouT2

ouT3
OUT4 _Middle 6 | qpipy

OUTs Middle 7

O 0000

OuTs

e Fri
B3 SRR

B F MU 2R ] AprilTag [BI&E0HE 4b 21
Jr T IE R, XA TR, AT DA Rk il
S IREINGIIERER/E ol RSP B2 NN TR A
SRR, $RE T /NEREIT80OR . R AprilTag
AR IR T AR BN L0 32 ' 5 35 52 i 258 56 1) ke
B, e S B 20 A 8 2 1 Tag BI AT, TAE
ﬁ R HI 755K %ﬂﬁﬂdi THEKAR, FEB%
"M bAT R A, ThRER I T AR Lk, 5%
Jiﬁ% ﬁf%ﬂi%imwgm¢h7,in
YR HRZ . Tag #6146 2 0E 4 iR, BT
REIE S Bis .

@IIIII

E(0:13

ek ik e Ae

E 4 Tag36H11 54



73] ARG TR YA LA At © 67 -

T
=] =]
A, =0 = -
T o< 26k
xxl PR LR | R SR LS B
| 5
TR F |

HLER T B

&
4
i &

B
%
%ia

-m = L
7 B R R b STCHABKO4SIA 1 2 FEfT DLEDKT SRR R

K5 fE e ARE
3 Bt
YR RGN TR, A5k CiEFY
Gz, TN MR320 153515 . OpenMV 1 4
R0 O AR R T 30 4 S A ML T S A O 4y
%ébzéﬁkﬂiﬁﬂ@ 6 Fj]"/j—:\‘o

ROyt

[ Mr320 ] [OpenMV] [)'(;'Mt!@?zﬂ

IEEPEH BAEPEHI P
I
' |
[ mu} [ﬁﬂ]
DC_Motor Servo
' '

[%ﬂ@%}

o

K6 it RARHER
4 ZEMK

4.1 &ML
WA, RGEMNER AT X HLAE A ES 75
TR FE AN Tag $8 M =Fh, 7 IR hHLER N SE
Y1, K8 AYkHE AR, 21 AIEREE Rk,
. R
«— HLifIR

[WWMT]

/
(L L S a
LR I e

83
Bk

K7 Hlas AL

K8 Wkt i # &l
x1 HHMKER

KA WRKE EREE RWORE IR/ %

T 300 298 2 99.3
SR 300 300 0 100
F AL 300 300 0 100
Tag $84-i 300 296 4 98.7

4.2 WRERSH

MR T MRS R R, A SCBIH L T8 &
TP A LA NGB B T B H s, PIRAT 35
AORHLAS N BOAT BB R B M 1 77 2 1 Al Tag
M, BT R MO S, I
HORE , I EBIRAENT, 52 3 PR R
LT ARG I 2 G I S R A S DL s T AE Tag
FAMEA R, AprilTag PER %0030 Ak 2177 X R fE ik
e A0 1) G D R RE R B2 3, (H 2 AR Tag AR45HKG
Wl 47 57 B AN BE AR Bt ol 40 50 B 0 2 S B U R 114
L
5 & &

TR EY R, AT — AR RS
BRI RGEAINE R G T — IR0 Z D16 WK ShpL A%
No ZHLEEALL STC8ASK B F- ML A% L, RH
PUBRAZ Feen I N B B A, S S A B I
Tifie; o0 T kG AT R I R R B D R, R RS
PUTHLaE Sy, KM T AprilTag B4R E0H 4b #0750,
Wit ZREZRLE, ACRITESE A, BAK
IFHR S PATROCR , B —@ i,

S 3Lk

(1] XBiRE&, BRULDT, sk3, 5. Baedmmie=(pLes A R gt
[J]. THHAK, 2022, 56(6): 57 -60.

[2] M, Ty, Wik, KT STM32 4%l 1Y 5 38 5 & g
B PLES BT [)]. BRITRML, 2022, 38(3): 82 -84.

(3] “Kk¥, Z5HAR, SRIE. RSl pLAS A [ N AR b 26 1 A4 ol
[J]. %Ha#l, 2020, 53(1), 59 -64

[4] ®FE, Tzt BABIHIHEANLRPLUBREERLI]. Hed
ML, 2020, 53(1), 106 - 111



	
	微电机7期_p0001.pdf
	微电机7期_p0002.pdf
	微电机7期_p0003.pdf
	微电机7期_p0004.pdf
	微电机7期_p0005.pdf
	微电机7期_p0006.pdf
	微电机7期_p0007.pdf
	微电机7期_p0008.pdf
	微电机7期_p0009.pdf
	微电机7期_p0010.pdf
	微电机7期_p0011.pdf
	微电机7期_p0012.pdf
	微电机7期_p0013.pdf
	微电机7期_p0014.pdf
	微电机7期_p0015.pdf
	微电机7期_p0016.pdf
	微电机7期_p0017.pdf
	微电机7期_p0018.pdf
	微电机7期_p0019.pdf
	微电机7期_p0020.pdf
	微电机7期_p0021.pdf
	微电机7期_p0022.pdf
	微电机7期_p0023.pdf
	微电机7期_p0024.pdf
	微电机7期_p0025.pdf
	微电机7期_p0026.pdf
	微电机7期_p0027.pdf
	微电机7期_p0028.pdf
	微电机7期_p0029.pdf
	微电机7期_p0030.pdf
	微电机7期_p0031.pdf
	微电机7期_p0032.pdf
	微电机7期_p0033.pdf
	微电机7期_p0034.pdf
	微电机7期_p0035.pdf
	微电机7期_p0036.pdf
	微电机7期_p0037.pdf
	微电机7期_p0038.pdf
	微电机7期_p0039.pdf
	微电机7期_p0040.pdf
	微电机7期_p0041.pdf
	微电机7期_p0042.pdf
	微电机7期_p0043.pdf
	微电机7期_p0044.pdf
	微电机7期_p0045.pdf
	微电机7期_p0046.pdf
	微电机7期_p0047.pdf
	微电机7期_p0048.pdf
	微电机7期_p0049.pdf
	微电机7期_p0050.pdf
	微电机7期_p0051.pdf
	微电机7期_p0052.pdf
	微电机7期_p0053.pdf
	微电机7期_p0054.pdf
	微电机7期_p0055.pdf
	微电机7期_p0056.pdf
	微电机7期_p0057.pdf
	微电机7期_p0058.pdf
	微电机7期_p0059.pdf
	微电机7期_p0060.pdf
	微电机7期_p0061.pdf
	微电机7期_p0062.pdf
	微电机7期_p0063.pdf
	微电机7期_p0064.pdf
	微电机7期_p0065.pdf
	微电机7期_p0066.pdf
	微电机7期_p0067.pdf


