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Active Damping Control Srategy for Permanent M agnet
Synchronous M otor without Electrolytic Capacitors
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(College of Electrical & Control Engineering, Shaanxi University of Science & Technology, Xi’an 710021, China)

Abstract: Aimed at the shortcomings of large size, susceptibility to damage and high cost associated with
electrolytic capacitors in permanent magnet synchronous motor (PMSM) drive systems, an active damping control
strategy for PMSM without electrolytic capacitors is proposed by incorporating an RD damping circuit. First, the
relationship between the selection of the film capacitor on the DC-bus side and the grid-side input power is analyzed,
and the dynamic equations for the DC-bus voltage and capacitance are derived. Then, an active damping power
decoupling method based on d-axis repetitive control is put forward to enhance the grid-side current power factor.
Meanwhile, a control strategy based on g-axis power transformation is introduced to improve the motor’s dynamic
negative-impedance characteristics. The RD damping circuit is utilized to simplify control commands and absorb the
overshoot voltage. Finally, simulation and experimental results indicate that with the use of small-capacity film
capacitors, the active damping control effectively reduces the current distortion and suppresses the torque ripple.

Keywords: Electrolytic capacitor-less; permanent magnet synchronous motor (PMSM); active damping control,

torque ripple suppression

TG AR RGN T e BB H

Wofm HEA: 2024-05-20; fE[EIHER: 2024-06-27, 2024-07-31;
FABH: 2024-08-13; MEEK BH: 2024-09-05
EEWHE: PGy & p &t % 8o H (2023-YBGY-
304); BRVGRME Ka= B AR 4 WF B H (2020BJ-11)
This work is supported by Shaanxi Province Key R&D Plan
under the grant 2023-YBGY-304; Natural Science Foundation
of Shaanxi University of Science and Technology under the
grant 2020BJ-11

JE, EiRHET R AR a T g
INE TR S RO I8 £ 3R RO T 2 2
FK % [] A B HL PMSM(permanent magnet synchro-
nous rnotor)?ﬁﬁiﬁli%E‘JEE%X’E}#‘\[Z'G]o RS HL 25 1Y
A PERELS, BN AER K W [R] 20 Ha ALK
BIRE LH%E’J%{R L, AL R R A D E R RGEHY
5, Bl el

FIAT, JCHARHEZ PMSM s 24 s e



555 3]

W, S — R ICHLAR AL A IRE TR AP r ATLA TS RH e 42 i SRt 217

P fe LU BR 2 H e ) R P 238 K S R 3 2 A v 2y
P R R R G R E N, AL )T
PR . SCER(14142 8 T 1 FPICURRHJE FBr B D)
SRR, BEHTA, (A7E E N T
BEICE, DPRBAER, AN, SCER[15]4
TEEAUBEBT A Jr i, 2% i PG 4 DRI I 1 5
e, AERTIE I A AR RCRAT B s SCER[16-171f8 A
T BELJE 2 il AREZR LR TR BBOBIR5 2., (HE RSE
W EHERERE R

ASCHR 1 IR AR TR RELJE H 1 TG R
HLZE PMSM il ek, 454 RD HUEHH, 5
T RGEMIFEM: . BN e R A IR RS T
SPRT, B T REMFRE KM, JHRE 1 AVA

RD FHJe i A TR RS DA Rl R i, Lk
HARGNBS YU SEATNEMLE, AT7
LR T AL BB T AOXE A A A, S T RS
AT E 1

1 RGN

WA RD BHJE B 1) o HLfF FLZE PMSM. AR A3
P RGN 1 R BIH . C /NG
MR ZE; R OGHLFH, D o —RAY, JLFEMAEH e
5w, AR L, 9 MER U D~D,
B M s VT ~VT W28 IF X ; VD ~VD,
R A

ANp,  Ap,
é Uz _—=C
AND; /D,

R
T I vy, e%g vy, e%g
L VD, VD, %)

VI, Iy T
VD, VD, VD,

5

0

-~

PMSM

E1 TREEITMAZERK
Fig. 1 Main circuit of variable-frequency system without electrolytic capacitors
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