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Dual-motor speed cooperative control method for transmission line robots
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Ding Linhao' Huang Xing® Hua Guoxiang® Wang Shengxu’
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Abstract: Aiming at the key issues of speed cooperative control of dual permanent magnet synchronous motors for
transmission line robots, an improved control strategy is proposed. Firstly, in terms of rotational speed loop control, a
non-singular terminal sliding mode controller based on the new approach law was designed, and combined with the
expanded state observer to conduct real-time observation and compensation of uncertain disturbances in the system,
thereby improving the speed tracking performance of the motor. Secondly. in terms of synchronous control, a cross-
coupling control architecture was adopted, and a fuzzy control error compensator based on the improved particle swarm
optimization (PSO) algorithm was designed. The fuzzy control parameters were tuned through the optimization
algorithm, thereby reducing the synchronous error of the dual-motor rotational speed under external disturbances. The
simulation experiment results show that the proposed control strategy exhibits significant advantages in terms of
robustness, rotational speed tracking accuracy and synchronization performance, providing an effective solution for the
high-precision control of live-line operation robots.

Keywords: dual motors; permanent magnet synchronous motor; sliding mode control; particle swarm optimization

algorithm; fuzzy control

R AL AR A AT P A L HLAE S PRas AT
T TG 2 R e L — B A AE B I R 2P R 22 L T RE
OB A AL B T S B AR N B VR B 4 R AR A

Ell
Wi PR AT e P DR A SR P ORI B T X, LR

il

(3 4 TAEZEAR B fmsa s B0 a4 i 38 143 2y 20k 2
SR N T 4ed . TN BN B 2 2 XfE LA A 31 58 0 O3 Bt
bR 2 B PL AR N BRAE L S as e S AR R T )Tz
[R5 R

i PR 2 AL AR N AE 7 5 2R i AR il T A R S A

W H 199 :2025-09-15

FHC, BT LAAT 0 BER AT SO ALK 3l [ 25 45 1 R L DA
PETR] 20 A 0 o A S PR AT AR R P g 200 RIOHS JEE e
R IR AR TR 20 FBILYE A 2B F Bk B et

L AT X U R AL ] 20 s ] 4 F 5 8 4 7 0L R L 42 1 285

P A B ) 5 2 A2 Lo A ) 0 A O T R A 0 4 T 45 4

* HEGTUH JLIRE A ARG A4 (BK20230173) (8% Be 51 #E A A BHIFH 2 & 35 (2024r023) ¥ By

« 51



949 B 2 F o

T # K

B IFATEER L A R | 58 SRS A 48 R R L
il o e ) D ) (15 S R A e i R — 2 T
B 38 T [P A R AR S 135G 5 5 R ) 42
SR e S I 18 S A5 A5 5 8 RS B e . R XU LA T 4
A 7 T o BEMESE A B X 45 B8 U B 2B 7 v R B R R B
WS K| A 0 BT i 1) 0, $2 1) 7 — F 56 g 00 32 il vy [
BT 4. %7 R VR A5 T2 H T B R
BERRR T RGAE)R Sh M Z a1 00 T 15k g e gl , 52
TR R R D EERIAOR . RIS X e T O R
B[] 208 22 ) 0L 42 @ i S S B S RS
AL IE G AR B AR 2 ML B A E I T AU LR S
e R B o7 [ 2D 4 o

7 Bip [a] 5 22 432 05 T, A% B2 Y PID B33 76 A 3R 4L 3
PG o LA SE B 5 1 TRl 2D KGR . A T R DX — )L A
2B BB AS 25 A s . T O ST A S e AL A B £ R
P G T AR AE Y AN ) 26 0D R, £ s — ol i T 0 4 o 1Y
[ 25 F22 1 S W o 57 T 48 A BR BP0 R K ) T BRI
G AR R WO SIGH B S8, T LA S o o A I i — 2B R
FHEEBE . AR AR B — T A 7 R T Ay 1 S
2y 32 T RS T R R R R R A L DA DR
R R T SR 8 P A A O o7 AT SR 1 1Y ) L {EL R
T AN R Bh A e B B EAT AR A s AR . W SN
HOR 3 SUGIBA 25 25 5 O P2, 523 T X 2 iRl R 4E [
i 22 19 Bl S A L (EJE: Hh TR 2 1) A9 2 Bodk LS E L B
PRECK . PIA BER & KA eI AL R 51 AR PID b,
VA A SR 3 5 B 0 O AL B A NG B 00 45 o S0 R 4 o sk
B g S B R R R AR S IR ARSI PID S, 5
BT R TEG IREE IO RS B P2 0 . 8 U T 4R R s A%
RN PID S 8 A, 32 & 7 SORL B L AL 14 i 7 2R
EFR BT E (HiX SRR R TR RAE A 2 .
W SIORS BE A 155\ 5 B ARy R e G 1 1) 7L

25 b TR 2T 4L H AL TR) 25 5 A A W SR 18 AR
UL AN B IR IS [ R, PR AR SRty — b 3 1 XU AL ] 25
FERIE L . 50 1 3 R AR L P 3 A O A T A 2
TEPRTUE 2R 5 65 4 14 14 ) s A 250400 1 4% 2 T A 42 okl 1) 9 T
JB s FLUR SR T SRR S 00 5 52 B Al 3 I R 2 41 B 4 3l
R e PR P LA RN B 5 B BT I T R T R 1
(particle swarm optimization, PSO) BRCR 42 il 4% » 8 1L 4L
AR R e R 45 i 25 19 O B8 S 40, SE B I AP R 22 I RS
M,

1 REEE

W &R ASERER

AR BR LA NI 1 TR . REIR AL 32l
B R G HUNUE R ST M A R AT B % B AL
PR AR TE AHLSCHE 1 A 4 2 A 3 M 48 b 18 h i
RGP NIRRT R M40 b AT R BN B8

1.1

« 52 .

BB DI fr i e AUARE HEAT AL . A R B2 i
R L2 52 BUBUBIR 30 | 7 358 78 S5 A BB 3R 358 P 3R 19 3
M SRR L AR S8 N RE PRI [F] B G2 4T BE T 5] & 2R
T TR R HLAR BRI 10 4 2 P 1R RS [N G R AR P s BL Y
R[] A iR 22 RS/

& 1

iR 2R B LA R AR

Fig. 1 Overall structure of the transmission line robot
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PS PS 70 70 NS NM NM NB

PM  ZO 70 NS
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NM NM NB NB
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Table 2

AK,; #ER#
AK; Fuzzy rule

e

NB NM NS Z0 PS PM PB
NB PB PB NM NS 20 20 PS
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PS 70 PS PM  PM PB PB PB
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Fig. 3 Block of dual-motor synchronous control
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Table 6 Comparison of dynamic performance under
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