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B LA AR T SEE , Dess AULAR AR E 1R 22 1 R L, 2555 2% 1B ) R L s AG AL AR A A5
TR LA ri st 30O AT 55 2SR, 7 SOR T A 1 iy 0 2308 T2 K 8 Ry 40 R P T ) i ) 22 v AL
(permanent magnet synchronous motor, PMSM) o) UK E L AL s BT PR AN B HLIRES 14 5K 3l F Bl SR Bl 4
il R G, e LA N PMSM SR8 RGBT S5, AT 05 BN 5 SC P G i B ik, SC B LAS A iAs e

Y

I HLEEA PMSM 3R RS

A2 ALl L R AG AL AR A PMSM iR 2h 2 e 2 il PMSM g H 5 5% 7, 1 ok ik A8 AL sh LA A 2
B EE AL, SCBHLA N ST AR E 1817 HLas NP TI KA 55 I 2ORAB A7 P42, AL B PRE A 5, 4545 [
A L i U AR A LA N BB S B E ML as AN 3K 8 R SR BORTEARZOR N - 2 s 17 i i RAT &
B 2 m/s, BB m~20 kg, 1 s WHBEERRATERE 2 m/s FZBLEOR ZORETHURE 3T
PLEE RS, BT AL IR S5 ) R ¢
1.1 EBHLEE

HUBE AL A BIHUIREEA AN 1 TR, PMSM ZKETCE LA AL Sh R G h 2 H itk #1450
PLEF NHEBNIE 521777 AN 2 B  HLas N HUiE BLEkis shnt 2 BE48 ) f M Sy G =mg fEHT, FESE
71 f BY97 0] S LS Nz sh 5 1 A R o

HLas ATk
T3kt

EE g Mt
(et L)

MR

Lliez) iy foedE|

Bl 1 $hill XA EAGIARLEH T & E 2 MEBEABBIELETFTXFER

S MUE R E S5 8O 17,3 B B4R R, =30 mm, JiiE: m, =0.06 kg, 5 FFK A I
SR 34, 0 A% R, =100 mm, BT m, =0. 20 kg, SKShGFELALEESIMEN, i 2 DARIE A 5
L, A EA B 34, 3 FE R 2B 42 R, = 100 mm, FT g m, = 0. 20 kg, HLa% A173E 3% FERE R, =
15 mm, Jiitg m, =0. 50 kg, NS FE Rl E 045 5, A B HLER A 3, NBhig i 242 Bt 5 F 3 A .
FaE G ANATE ES LS =2, N R & 3% n=95%,

AN NS BUE T I R L) 5

P=umgv,
o IR AL NSRS %S 5 PUIE ) 0 S EESE KL, & S ISR FE o SHLEs B AT I i e s

Bl NS TTI, -LALEE 3 n=60i/ (2wR,) , LALAIELFE M =umgR,/ (in) . FLHLEL 5 1Y E5% Sh 5t
)= (m R +myR) /(2i*n) o HLER NINEIZ AT, BB LAl AR

M. =M+Jo/(in),
T o AL Bl AR s
231875 .P=156.8 W,n=2 548 r/min,J=0.277 8 g+ m> ,M=0.619 N-m,M =0.638 N+ m,
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LA IEA SRILHC RS SHLES A B HLE R JE ) SE R F = ASM200 Hi KL, B8N 1 s .

&1 RN ASM200 BHLS %

e B BUEHH,  BUEHA,  BNERK HTREIRE ET

; - N " AR ; BGE/WD 5 TR H ey
HE/V  HEB/A (r-min™") (N-m)  #fI%/(N-m) (kg cm®) ML/ Q

24 6.5 3 000 0.64 1.28 0.28 0.034 182 0. 000 450 0.45 10

1.2 IREhEEFI RS i&TT

PMSM #4t & 272 ARt SR G I RS, R K 1 (field oriented control, FOC) , AT H4 PMSM
PR G AR E A ML R G AOh 5) T ol R LR S . PMSM 1 oL 378 P B0 25 ik
EINE 3 i, #fE LB EUE , 8T FOC 1Y Clarke ApFRAH: 5 Park ARFRZSH: , FE 7 FL ML WA [R] 45
THE e AL B B AR PR AR AR A 3 o A% SRR 2 SR AR LML — A P i S B8ORN L B { L, FOC 4 —AH PMSM 2k it 5%
6y d BT g B s By B L, L, FEE V, VA d AT g Bl b o3 S a8 b ] - AR
( proportional-integral , PT) 45l i £E il rl # 1l AL i U FL AR 55 V, Vs RHERAR 5 V, |V, #ET 25 [E %
1 ik 7 )8 ( space vector pulse width modulation, SVPWM) , 4= i 3 NIFAEHIB R E S Ty Ty T 3 15
Tt T~ Tons 5 78 I 85 TP O 31 BOBE 27 A2 09 = A8 B A5 5 A0 F, 2B 0Dk o 5 B2 14 1 ( pulse width
modulation, PWM) B IEAF 5, g AW i A8 & , A= il il i AILBE RS 1Y S i L AR 5V, V, Vo R JT S
PR AR, 5L H-FR0 1853 ( proportional-integral-derivative , PID ) 4% i 5% 8 15 P R ST, H IR AT 2R
P i) B AR R ML 5 T8 R ARG PID 425t 85 it AR X0 5C AR, A LA e 52 e AR R ), 1T T
I FL Y PR I R i s AL o, S LIS A T I A A R R o SEPRIs AT R, MLAR A 5 AR Hi A AT 55
BRI AT JEE TPk B B U, SIS AT IR Y A S 7R R A PR Y A ) AGH RS
PID #2], SCH PMSM 2 St 1) 3 i — L i XU R ), L] 4 P/ , 76 L I P A 42 o g R it o 12 et
MAFILIETT AR o, RSB ITHEE 5 SR E o, 192 K255 A PID #1525, i@ PID #2
il &% S S R R R b g SR AR 1, T L L PRI B R 2 S R

FE IR OB — A U FE IR OO — A U
P R R . N TR R AN ) . S
qxef = 2 Park| ool i sRA - S 2 Park sl PE[ |
A 14 ¥, SVPWM Gl by PMSM 1% 7 |svewnpR| FaL ot MS)
I - ;Jr‘_ >[I it |- Tl S|V > 1,7 =+‘_= B L TglBl 5
7 K . Ao
I ! - I, 1, | I 'P " ﬁ{- — ]
)i Parl €Clarke| . 7 / ar larke -
‘ b [ [T : B <
A — | A |
6 )
(R w fl s
B 3 PMSM iRk EiH =& A B 4 PMSM i - ¥ i X 2R42 4 7 & B

1.3 IRzhizHl REm g Rigit

STM32 5 WLz H M RE &, DIAE . BEH STM32F446 S 45515 -, DRV8301 S L HLIK Bits F, T &
R H RGN 5 Ui, STM32F446 40858 B & s PWM {5 5% DRV8301, DRV8301 5 STM32F446 =
Pt A A58 o 47405 (seriel peripheral interface, SPI) 43 3 {5, B SPI % H 3@ {5 ¢ & DRV8301 Y T
YRR R HE 2 iy AR AH G288, DRV8301 $:U0 PWM (55, il R — o L8], AE il T 3K Bl — AH 30 AR 2% 4
JBE ALY BRI 53%0% 45 ( metal oxide semiconductor field effect transistor, MOSFET) i) PWM {55, =4H
AR PR A AR A TR R FE ) PMSM Jig %% . DRVS301 i ] 3@ 1o SPI 43 [ ] 4085 B & 36 L R
HL L AL SRR D 7 AR AR SR 1 W SRR LIS A T Y ML LM 5, JB ik DRV8301 P B iz 5k
KA, i 11 3] STM32 P HLBTHUEC T % 46t (analog-to-digital converter, ADC) B3 , B IR A% i >R 4R
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PMSM 3217 AF A9 LA B A5 5 i o 31 ADC AL ] SEBE A7 s L 3 A 5 45 Pl o B A 55 A SR SR A I 5t
KRN MF T TE STM32 Fi Jy Plic HALHR AT FOC SVPWM 3] | PID 533 85 A5G I8 50, ¥4 pi 5 5 Y Hy
DR PR R e, AR o aE H [R] 520 BR AT 4 ISR 3K A (universal synchronous asynchronous
receiver transmitter, USART) 5 b HLIE A , Kl lEALIS T RARAS PR i R 4¢

STM32F446 DRV8301

—1_ | [TSaRT
Rl s 117

A SPHEM SPIZ H =P B PWM
AN
e PSM
| PWM [ >

Y

—— = TR
e P e EI < LR HE

) Y

. [t

Bl S5 =4 2% ER

L4 RBIEH ARG R
LIFPE IAR Embedded Workbench g 7F % 1, R JH C 375 5 40 5 PMSM $i I 8%, W1l 6 .
PMSM B FF 40 W RE (I b S FL R IR PITIR S FER 3 603, 46 MO0 R R O OB L 7 5.

R AT Nkl WM

iRt . EE,MEE ﬁg%h%%ﬁ HIRADC
Wil {l - iJr%iEEiﬁE
Rl g -2 AT FE g )
DRVS301 H i (Clarke”B 48155 (i [] 3= 75 5
WAL, R Park7ZF i 5 5
l Y l
FOCALFRAE S5
. SVPWMEH]  |PID. SVPWMi{4 ) A
TR BIlIE I piDifge | [PWM
1 R l
- T b 1k PW M Park 753 SVPWM
TR 55 T bk O[] e

B 6 PMSM #1425 A4 A a) BEPFRIA AL b) ERFEIHRE ) I 45 R Y
B7 &FkrBERAFAEA

fEE R ER AL 4G R G W ER 1k . DRV8301 #1th k. . SVPWM w1 tR 1k 3 #8530 : R G0 ia ko 5 1% &
Bl w0 4R 4638 A% A% S (general purpose input output, GPIO) ¥ I 9] i 4k 52 B 4% LB & ADC FIE B
SPT Z%§; DRV8301 W) i L G5 TL & SPT ZEUFI S LS AT i ; SVPWM £ )t Ak A2 45 52 2 PWM (%]

A4 PID 2 5 F0) i A A8 4 e

B47 EREP A A A R ADC EEE R AL S A A B Bl (S TR B ML R AT
FEBIUES b B FE S AL I S A 255 64T FOC AR b8 #3557 PID . SVPWM
OB E AR5 45 R A i PWM g il o 5 2 S5 A 45 1l i 2 5 BT A5 5, 8 AR A ) 81 42 ol & 5 b
G MRS AP TR, AR IR a2 B P WHE S, Bk ERRE AT R IR 55 R

HITIR 55 A8 Y A% O o2 PWM iR 7 o BRI #5132 ADC R AL AR LT 1, T, SRR IR AR IR
At AT 0, TFRSE AR 1, JF X 1, 47 Clarke 22355 Park 254 153 d BRI 1, 5 ¢ SR 1, , X0
1,0, 3047 PID 3158, 198 d Bl e V, 5 g Bl V,  XF V, V, 34T Park 2845 #0447 SVPWM 325, A
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i PWM {55, iz 17 PP IRTIR IS B 77 ek PWM {55 300 21 £ /Y, k88 tT BRR)F

2 hESRESH

K A4 MATLAB Simulink $45 £ 0; BB 5 YA HT, IR E RAE S H B L. KHABEGIE N
1,=0,d $IAST= A AR N, BN A 506, i 22 UK PMSM e el 3 A 77 A= R IR 06, d—q Tl
SIS LA, S8 1, AT ] PMSM. A5G Ao
2.1 (FEEBRERSH

HeVE R B ¥ ) R 48, SR A MATLAB Simulink £ 245 B #5 gt PMSM Ha 3 141 35 0 B4R R, % A
MATLAB i) FCN #iHe 5 A 4i 5 R 7 17k s 45l AR 4E PMSM SE RIS 2% 1,=0,1,=2 A X
W% F Permanent Magnet Synchronous Machine 5k

X = AH A8 25 3%E H] Universal Bridge B3, MR 453R 1 (9 AL S 400 B WK L 2% 8 AH PR BEL, W 1B/
Bt o | R RE EE AR B RO B R R O, I Bh HON SRR LU, B i R g b PR a8
( proportional integral controller, H il 5 FAL A JE W 0l 45) (9 P 255 18925 0F, 51 A BRI T

o, =2 Ryt o/ { Ly,
AR, ME FHIBH, L e F Uk

R R R P 345 K = Lo, , 1 4R K =Row, o FAET M, BB O ENHECA Us, S1H5RA3]
w,=6 283 Hz,K,=2.827 35,K,=2 827.35,

FEE RO AR 8 B, 7 BB RS i PMSM AHSC S 400 & AN 3R 2 Frow , 76 H i BR 4 i) ) SR Ak -
P4 T — H AP B ELASE AL AN TR 9 R,

Il

1 CPI() i :] S j—%’q
W‘P”W F fc‘lilrcm3 J |: —»1;|J—'

° S

Vo sector—-@ T

C |
' lark2
focl [d 1 2 L [a I a

b :} [/7’ fen [c H

<|._|

]
-
ala = =~ N

E 8 PMSM #, %2k Simulink 47 A4 A

&2 PMSMFEZH

RHLE T HLHLE F PIQZAUN e FHeBh - RLHLEE T AL TG
HLEH/Q A1 &/ mH T4/ mWh 1/ (kgem?) WA /rad  fEERE/ (rad-s™")
0.45 0. 45 34.182 0.000 028 5 0 0

HIEPR PLEEHIZE P 1Y P 325
Ky = %B}]/(I.SP{Q/.} ),



14 U T 2 B 2 2023 4F 10 1 331 %
X (BY B3R 58 B XU, B =100 Hz;p Jy UKL X s | @, S5 LA T S B Y AL LGS @ 1Y)

0 C PI(z) ¢
=2 by i by
N - =
;-
ST L1
s QP e Y e YN - L |
W Piz) o Piz) P v, T L o <stator cunent is_a(/
7 cm2 L] st D
= IIn3Y ) Too [ ; 9
LI Gably. fe b r | = A
24V s T 3
sector] PWM
4 10000F o generation
() fon © FOC
Park Clark <Rfator speed wm(rad's)>| [m
- A =
1, 1. A
d
I, L I
e
I 6
e
<
N
e’
N

9 PMSM i & — &, i X 35 AR

THA5E Ky =BKpy o IUAHBUAHRS R, IHHAHE] K,y =0. 109,K,,=10.9,
R L TRER SR IR P 3455 T3 23 0 AR D B, S0 E 5% 3R FE 1 80 rad/s, PMSM A1
TREMT ELAE R ANIE 10 fr , PMSM ja 32 — it i XUPAH PR A B AP 11 i

901 90,

80+ 80—

70+ 70} - = WERSHEE
60 = 60t — LU
_'% 50 —5 50
Z 40 — 40
s 30 & 30

20 20

10} 10

0 01 02 03 04 05 06 07 08 09 1.0 0 001 002 003 004 005 0.06 0.07 0.08 0.09
i il /s /s
B 10 PMSM . jizrsbiffy A4 R B 11 PMSM i & - A SR db k45 A& R

10 AL AE B R R G BIVER R 184520 0. 1 s J5 PMSM k8 2 1 i IRk e . Ui
It A L T PR FR G0 AT A O PMSM AU i Hh e ol ARUEAIL#8 A A B (B FSUE A TIRR AT 55 0 il 32 i
FESZ I, ULt AR, AN X RGeS bl BRUE R ST

L 11 AT A TR — L R AU A i RGBT 181729 0. 01 s J5 PMSM ik 3|S5 #45# 80 rad/s,
Ko e , 5 hlad fe vh PMSM % 3 TR0 50 o 3805 — L i XUPA B 4 ol R G fif PMSM Bk 2 e 78 575 1
JE R R[] BU FR A PR ) 2R 8 S, PRIEATL g8 AN DGR HEE AT o
2.2 ZYRETEERERNSH

HRIEIK B R G I RIS R R GG &, W E 12 iR, R R G0 24 V R IR LA,
LIRS MATLAB R FR G ASM200 7k % [/ 25 AL, H 82 R A% Ik i R AR FRLPIL I A I 1 FL A B2 AR
Z, i USB &L IK Sh AR AT B AL, SE B 5 B ALE (S , ##i#s STlink K IAR Embedded Workbench
TR EIACS T 2R R P RS AR AT R e VR K AR B B — F Y L P B (7 ELARE AUA f A P rh Y P
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ZHUR AT AT LA 25 B R 3 ML S B e 5 R e SR T I SR B
ARG SEPR AT

B uEgR sh 4 ) R G SE PR AT, FEAT R AL AS B R, F L A S0 B A N R - R Y XA B
SRS vl B R S B i QR — 20, B8 A HL B 3 O 80 rad/s, il it b AL ALAY G A LS 20 AU 25
J 0P 13 iz, H A 13 AR : SR R — v O XS PA] PR ] A PMISM 2 3 I 8 9 PR S A S50 30) S0 B
W B e sh , S0 BLAE B, A BT BT A K Sh P R G RS A B D R | TR RSB e
WU H 2K, Frse i i B sl il RGeS br T 47

90 -
80
70
60
50
40 f
301
20
10

i/ (rad-s)

0 01 02 03 04 05 06 07 08 09 1.0
/s

12 PMSM 5248+ & 13 PMSM = # 458 iX 54 R

TEYR SR R GESLPR AT AT R RTHE T, 76 SCik g1 5 10 2l b B i ALAE BTy 2 40 30 ik 9K 3h &
GEESEPR AT TR, AnEl 14 Bz o Jl G KRl g iz 4 PMSM 55 s AL, vl A1LA b 5085 A il A1) ol 7K DR A
i RO T 20 kg SRR G AT, e R S e e LA AN RO BK SRS, pLas A IRShFe i A H
RUKBGE B L BN BT T, IR, KA PMSM I i) F LA B AR TR 75 I 3 T A, A Jak
FAR LR B0 T 00 BRI A B R B L B PMSM B2 2 35 17 I3 R R B 15 RS 470 3 Y BR , s bL Az
AL AR IR TR PMSM 3R3h R G ke i RE iz AT RO RTHE ™ o AUHLOL B 1 s T I 4 AR I AR
Simulink 7 EAR R 7E 2 1 R st B AR B A4 ) 2R PT 240

SEBR T O N ALAS A IE S 2JHUB A7 I AR /N LA NS fi AT E B S) s A7 I R 2 m/s, 13
HIBILAS AAEIE 3 50382 17 I i AL 3/ N T WL g A8 e KA 7 1R 50 JUa 17 I 1 A LS 3 2 548 1/ min
(42 rad/s) o N HEIMS SEBR T00, 7EUEAT HUMIL AR o0 st ), 2 JBC ) F ML) B 2 R /N T 42 rad /s,
BCE LAY B REH0 40 rad/s 5@ ML R AL BUz 17 RSSO0 IS5 R AN 15 s, i
1Sl L BOs AT IE W, ML s TR 1 DR s A S8 I B B, e i e W 2 e Bl AR S PR T
PR ARSI A7 it A s AR LA A PMSM 3R 3 R Geia f el B vl 58 R, 25 A B s T
BOR, SEBR AT
457
of
30
25
20
15

10
5

i/ (rad-s)

0O 01 02 03 04 05 06 07 08 09 1.0
/s

14 PMSM % Ji & % &K F & 15 PMSM i 4k X g 25 R
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3 HWE

R AL FL 3 BT OGS A ML f AHLRS AL, BRI ASM200 4K 7] 25 A LA DA 728 F st L 0K
KabLEs AR IR AL, BT HLAS NSRS R 58, HEA T 05 B SEPAIR S0l o SR IBCH I — U P P O 4
77 3, LAY R 0B PR TS SR S 5 e i, Ul W] A2 Fi il Ll A ML & A PMSM 3K 3l 22 e i 7
P RGRATE 0] SR R4, BENH AL A vl AT 55 A OGTE AR oK o rUILAE 25 8809 4 2 P X RE AR E G
Ba AT, WA B T R PRl 47,

PMSM K 5t LT AP0 42 ) 2R SRS AL 7 B A% SRl (0 1 D, 2 ) B Rl SR B R i 22 L A5 %
AR AR I, SR B BRSO RSB A, SIS 55 ML ) REEAR . T HE— L WF ST AL IO A% ik
i TOL T PMSM 9K 3 2 Gt 1648 B wli (L A AL A _E AR

SE MK

[1] X4, Akt £ KBHREXKEMEATFLELREIK[T]. 48, 2018, 39(11) :80-83.

WU Kai, ZUO Zhaolu, DOU Shaoxiao. Research and development status of track inspection robot in China[ J]. Software,
2018, 39(11) :80-83.
(2] BAAE B L. TR MEARAEBARSA[1]. TA&E S5 &H,2017(24) :217-218.
YANG Congzan, QIAN Ping, XU Jialong. The application and technical analysis of substation inspection robots [ J].
Construction and Design forEngineering,2017(24) ;217-218.

[3] #ALnl, RAA,XNE. SEXT LSRN EANGHLE R[] & 258 ,2013,32(3F] 2) :613-616.

[4] ISATO M, SAWA K, UENO T. Commutation phenomena and brush wear of DC motor at high speed rotation[ J]. IEICE
Transactions on Electronics, 2017, E100. C(9) :716-722.

[5] 3R, BB X T E35E &AM BANRTE R AD]. #.0 T THREKF, 2016.

GUO Feng. The design and the application of the rail-mounted equipment inspection tobot for substation[ D]. Anshan:
University of Science and Technology Liaoning, 2016.
[6] BLUM J. Driving stepper and servo motors[ M ]. [ S.1.] : John Wiley & Sons, Inc. , 2019:99-124.
(7] &I, bl KM EAIEH ZART[D]. A Ba @k, 2018.
XTAN Kaiyi. The design of control system for substation track inspeiction robot[ D ]. Chengdu : Southwest Jiaotong University,
2018.

[8] EM. TEERBEMBALMBARAZLNHRE ZI[D]. A& &-FHHE KRS, 2015
WANG Kai. Research and implementation on the key technologies and system of substation inspection robot[ D]. Chengdu
University of Electronic Science and Technology of China, 2015.

[9] F4izt. S XKBEABAZRTE FRART[D]. F &L AAAHXF, 2020.

YIN Jianqi. Design and experimental study of orbit inspection robot[ D]. Qingdao: Shandong University of Science and
Technology, 2020.

[10] RSk, EANE S ob i, 5. K T A AR KB R F LR & gkt [J]. i dl ik 5 A b1 2023,52(2)
209-212.
70U Wenbin, PAN Songfeng, LI Xianhong, et al. Design of permanent magnet synchronous motor servo system based on
compound control[ J |. Machine Building and Automation,2023,52(2) :209-212.

[11] ATk, Bk, hd, F AR EIBE TR ZAARTEERAL[T]. HlEB AR5 PR ,2017(6) :73-75.

HE Xinlin, JIAO Lin, SHANG Miao, et al. Research on inertia matching of drive system of direct drive rotary pallet
exchange device[ J]. Manufacturing Technology and Machine Tool ,2017(6) :73-75.

[12] RFA, & F ,HmA DB B E AR &k B 353+ F[T]. Akt ,2018,35(38 ) 2) :357-359.
ZHAO Weihang, CAO Yong, JU Limei. Design calculation of small four-wheel mobile robot drive motor[ J]. Journal of
Machine Design,2018,35( Suppl. 2) :357-359.

[13] AF450, FR4L. wdLd ABC 3] dq0 A7 T He e 4222 5 547 [T ], s o 4L,2021,49(4) :1-8.



54 AT, 5 AU KB 2 AT S TR S 17

FU Xinghe, CHEN Rui. Criticism and argument on coordinate transformation from ABC to dqO in electric machine[ J].
Small and Special Electrical Machines,2021,49(4) :1-8.

[14] %A, RERPEEZEHZATLID]. BT A FTMAEMR X F,2013.
XU Xuming. Development on vector control system for permanent magnet synchronous motor [ D ]. Nanjing: Nanjing
University of Aeronautics and Astronautics, 2013.

[15] B3, 30, B8, 5. 2B K BHILRF ks [J]. F B AT 4254k ,2001,21(5) : 79-83.
YANG Guijie, SUN Li, CUI Naizheng, et al. Study on method of the space vector PWM[ J]. Proceedings of the CSEE,
2001,21(5) :79-83.

[16] #¥5, BkE, RH#,F. LT ORAMBYENXAHER Y UMARIEHAAL[I]. THE+FR, 2022, 29(6)
731-738.
FAN Fengyu, ZHOU Zhaozhong, ZHAO Ying, et al. Research on passive control of surface-mounted permanent magnet
synchronous motor based on current decoupling[ J]. Chinese Journal of Engineering Design, 2022, 29(6) :731-738.

[17] 3RER, $IA, RFA,F. SRIKFTFXHET AR T SAHEBEH[)]. FE TR, 2020, 40(19) .
6345-6354.
ZHANG Zhijian, JING Long, ZHAO Yuming, et al. Decoupling control of permanent magnet synchronous motor at high
speed and low switching frequency[ J ]. Proceedings of the CSEE, 2020, 40(19) :6345-6354.

(18] A&, &2, vtRiE. KERY EMAILESESEHNILRPRZ[]]. & T84, 2023(2):1-8.
SHENG Long, LIU Lihao, YE Yonggiang. Status and prospect on no position sensor control of permanent magnet
synchronous motor[ J]. Electrotechnical Electric, 2023(2) :1-8.

[19] XR&H, T4k, MER,F. KERY CHRAE R B E S A fd b oy m AR [J]. fsed A, 2021, 41(7)
49-55.
DENG Zhihao, LI Zhengguang, ZHU Houquan, et al. Overview of application of sensorless control of PMSM in electric
propulsion[ J]. Marine Electric, 2021, 41(7) :49-55.

[20]  Z#7A, 3R X, BIAL, 5. @R AR B ALE ) Rk 2238 [ J]. 3G ¥ 4k 5 3748 ,2023,19(1) :60-65.
LIANG Xincheng, ZHANG Zhiwen, ZHOU Li, et al. A summary on control strategy of high-speed permanent magnet

synchronous motor[ J]. Transport Energy Conservation and Environmental Protection,2023,19(1) :60-65.
Design of the driving system for an orbital inspection robot in a substation

ZHAO Jinyang, ZHANG Hongli® , ZHANG Pengcheng

School of Construction Machinery ,Shandong Jiaotong University , Jinan 250357 , China

Abstract ; In order to solve the problem of poor stability in the rotational speed of the track-based inspection robot
in a substation, a permanent magnet synchronous motor (PMSM) with good control characteristics is used as the
driving motor to design the driving system for the substation track-mounted inspection robot. The structural and
motion parameters of the robot are calculated to complete the motor selection. By combining field-oriented control
(FOC) and space vector pulse width modulation (SVPWM) strategies, a simulation model of the PMSM drive
system is built using MATLAB Simulink software, employing a proportional-integral-derivative ( PID) dual-loop
control method for velocity and current. The stability and reliability of the designed system are verified, and a
physical test platform is set up to conduct no-load and load speed tests on the motor. The results show that the
PMSM drive system, using the PID dual-loop velocity-current control, achieves stable and reliable speed control
for the substation track-mounted inspection robot. The experimental results are consistent with the simulation
results, meeting the expected design requirements, and proving the feasibility of the proposed design solution.

Keywords : orbital inspection robot ; driving system ; PMSM ; FOC ; PID velocity-current dual-loop control
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