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A model reference adaptive cooperative control strategy for
strongly coupled multi-motor systems
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Abstract: To address the issues of low trajectory tracking accuracy and weak cooperative capability in multi-motor systems
caused by strong coupling, nonlinearity, and time-varying parameters, a cooperative control strategy based on model reference
adaptive control(MRAC) was proposed. Firstly, a dynamic model explicitly incorporating inter motor coupling effects was
established. and an ideal reference model suitable for three degree of freedom motion was designed. Secondly, a Lyapunov
adaptive law integrating coupling term compensation was derived, which theoretically ensures the global asymptotic stability of

the closed loop system. Finally, simulation and platform experiment were conducted. The results show that, in three degree of
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freedom trajectory tracking, the steady state error of each axis is less than 0.5°, and the dynamic response time is reduced by
more than 50% compared with fuzzy PID control; In the embedded implementation, the single cycle execution time of the
algorithm is only 32 pus, enabling real time control at 2 kHz on a low cost processor. This strategy overcomes the application
limitations of conventional MRAC in single motor systems, significantly improves the cooperative control accuracy and
robustness of multi motor systems, which provides reference for high precision control of strongly coupled multi

motor systems.

Keywords: eclectrical machinery; multi-motor system; adaptive law; reference model; embedded application;

trajectory tracking
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Fig. 2 Model reference adaptive control block diagram
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2 25 SR TR, A T 5 TR VR S R 500 W N 2 EE (1 32 58 A BT S BRI RS L EE R AE 600 ML
TIEWLLN . 1 STM32F407(168 MHz, % #F FPU) _E 32, MRAC 8 ik K AT FERT 2 32 s 28/ T 45 41
JA] 500 ps,CPU 5 HHRALA 6.4% . AU 5 Flash 8.2 KB,RAM 2. 4 KB, ¥J7E 85 F % R Bl 7 .

ML Z T A& R sh 25 A5 L R B WA S B ag B =>1 000 UK/ R HERLFE 500 ps SE L. A SCHR L
L A A AR AT Ak 5 AR MR S LAk SR T B A A A N AR AR A T B (0 SE RIS AT B UE T L TR S
.

4 & i'

BEXT 2 RUHL R GRS A AR LAk S S Bt A8 T BB R XL B 2R T MRAC (9 P ) 42 o e . il i
ST A RN Y Bl F) S R Bl B = A R 2 SR S RS R A AN B Lyapunov B IS R B R
ARG AJRRERE . 05 55 T AE R R %R M AE 22 A AL P [ B BB e S0 B T T RO | s 2 i g e
He g RSiRE S RKB IR ST PID B PID & MPC Jri%k; B, BE 5 G/ B8 8% 76 KK
AR ARV 7 1S B S ) L R T AE 58 MRAC S AL 9 R BR

AT FEATAEHUBRZE 55 9 TC 8] Bt 458 TR 38 DR A Bk 22 B2 0 . AR RN ok — 2B AR B RO ME JEE L PR3 ) 15 1o g
it 2 AS VR B L DT BE— 2548 T R G (0 255 P RE 5 91 R I B4 5 et 7 5T 22 0 8 AT AL PP A B
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