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Abstract: [Objective] The output terminal of the permanent
magnet synchronous motor ( PMSM ) drive system is often
connected to an LC filter, which is used to eliminate high-
frequency voltage pulse. However, the introduction of an LC
output filter can induce inherent resonance, leading to
instability in the PMSM control system. In order to suppress
the resonant caused by LC output filter in permanent magnet
synchronous motors drive system, a resonance suppression
strategy based on active damping via capacitor current
[ Methods ] Firstly, a
mathematical model of the PMSM control system with LC

feedback is proposed at the paper.
output filter was established. Meanwhile, the causes of
resonance were analyzed and located by analyzing the transfer
function and Bode diagram of the control system. Then, a
control method based on active damping of capacitive current
was designed. The effectiveness of the method was analyzed
and confirmed by the frequency domain perspective.

Subsequently, in order to ensure the stability of the control
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system, the parameter design of the current regulator and the
design of the active damping coefficient was carried out. To
verify the effectiveness of the proposed method, it was
compared with traditional vector control methods and passive
[ Results ]

traditional vector control methods, the capacitor current active

damping control methods. Compared  with
damping control strategy proposed in this paper has a small
overshoot and response time, which exhibited better stability.
Compared with passive damping control methods, the
proposed strategy achieved a good solution to the resonance
problem of the control circuit without increasing hardware,
which showed good anti-interference ability in the case of
sudden load loading and unloading. [ Conclusion] The above
work indicates that, for PMSM control systems with LC output
filters, the capacitor current active damping method proposed
in this paper can achieve smooth control of motor speed and
effectively solve the problem of control system resonance.

Key words: permanent magnet synchronous motor; LC filter;

active damping; resonance suppression

B = | B KRR LR AL(PMSM) 4K 3l 5 St i) i
W LC IR T IHBR s s B R Bk b, SR T LC 4
IR AR E B o R A I IR, S BEER R EATRE, N
TR LC B gy PMSM B8 I 10 1) ] il | A SC4

© Editorial Office of Electric Machines & Control Application. This is an open access article under the CC BY-NC-ND 4. 0 license.



LSRRI, 25 52 4, % 6 ]

Electric Machines & Control Application, Vol. 52, No. 6, 2025

635

T —Fh T A L TR RS A I R B s, [
R E SR T LC f B R0 PMSM 5 1H R 52
RETR S 1k 43 BT 45 ) R G0 A% 8 R BRI A I e o T i iR
FEARRREN, SRIFTT T — R T A R A TR BE
Pl vk AT A8 BE A BT 3R 50N T 1R A 5L
P IR IRy I OT R T L R R i A8 S E0k T
S FTHE I 1 1 A v B ORGS0 O R O
FICF RS F 5 W4T TR H, [ 855 ) AR SO e 4 il
SR AH AL 85 2k s ol O BB R /0N e g R B e PR
e s M B TC VR BELJC J7 v , 26 R B IR (4R () R 0 T gl T 4%
] R TR R ) A, A 67 2 2R AR I R B AL 75 B B T P Bk
H1. [ G5 VIR BT LC S UE Dk 27 1) PMSM 4%
IR G, AR SCHE A Ay H 25 E 7 T BELJE SR i T ST Hi L
R ) TAR B O Tz i RIS PRI,

AR . WA [E] A H AL LG R AR s A TRBEE s AR 1

0 35§

sk #E [ & H HL ( Permanent
Synchronous Motor, PMSM ) H. A5 2% #4 faj B {&
AN B AR/ RCR R KOs ATl AR SR W
Ho ABGER) PMSM 4 il 72 4 105 71 5% i th ) B 2
K H AT 5 F LI 2 K B0, (H B A AR A8 TG
ar PR AL X AR SR LR 3 O s S 3
TN e A R R AL, AR g Y bk T A
(Pulse Width Modulation, PWM ) Il 2= 7F A% % /7=
A gk i e S R R 3 LA AR | T EE I 2%
PESr L o E AN R T R R B SEOR
MG ER PWM K A ST 5200 . Annette Von
Jouanne 5F N HE Y PWM I 25 30 U LR
TP AR r g A £ T G, 4 R b e 2% 5 vk mT
DI R il b v U, (ER TS 4 i ok f R B v
T, ZHRE N HRH PWM f i B AR A
P PR AR T JF 4 Hh — Rl ek Y LG uE A,
X s L REVERR 224 L T, L REDEBR — 7R 7 2k
BT, PRSI LC i I a2 — i e
BAROT, BERE FHALR A A XS PWM (5 4 H s
AT, B ETE N A B X TR T ORE
B TAET SR, IX 3 Bl AR 2R G P i X 5
M—AEEHALE T LC % th B I & 5 PMSM 21
WY RS0, 154 PMSM #2162 4 WU A Ok
P A LC U8 AR5 S B R 40, W SRAT L
Ui P FELIEA T AT PR s 1, ST IR BB DRI H B L

Magnet

AT T LC IS 1 A H A R AL L T A
HEAN AL, PR, F5 ZE A LC i ik
(1) PMSM J5 45 il BEATRIESE

Janne Salomaki 45 A7 HE H T — Fl 5 1B R LY
15343 ( Proportional Integral , P1) ¥l ik, 1E4%
GEHIHLHL IR | o R PA PAF58 1] ) ity b ) Xof Fl,
L i, R LC. i 2080 25 ) i AR IR EA T T A
PP B R T A IR Al RO B RS
A S AT HEAT AR P A S T F B A AR E
PE AHSZZAEGIR A T 22 PL 45, X452 PL A
Ay Z B0 B e BE B T, AR B R, Mari
Kojima 58 A" it — Bl JC 224045 il )7 i, 51k 4t
XU FRAR L, B FL 3t 20 00 i ] LG 1% i A
D A R — AR A D e = AR R R A L
ST U R, O HA B A HT LC 8
PR ZRORZ B EE, SCRR[ 11-12 ] X LC
DI A 4 A8 0 L AILBK Bl R GE LS R AT T 00
B o XA ) 4 Y — i 2 ) el 3 2 5%
(Inverter Current Feedback , ICF) 13 i v, 25 B8 i
FMERYFE R DT, ICF $EH0A F T IR 4 3 8 %
B T2 03 SC A 3 Ui, F AL F O 5 A
e LU 23 A DR 2, 2 LR AR e I 18 25 AR
Ko PMERLAE AN B DL 4 38 108 Uk 2% K AR i
[ 388 BB AT DR BELJE Fa ], A R A 72 4 2% F Ui S
A ] DI A Y AT S S e A R g i R
Geik B HIEIR I H 0, EPITEEN R T
BT R AL Fi BEL v ARG T8 20 e gk Y A R PEL R R
FERTx 86 5 vk AR Re e Ve & M M T T AT T
il SEHLT VPR, BB A B T — b
G A M A0 H, 25 1 T S BB 4R o i, O K
SERRE SRR 20T TR T AR G ARSI A ) 1 4
A RE S (BT ek 1 RS IR BT . SR
[17-19 1 5FX5 I P30 A2 & vh LC Ug B 4 X R Ge e
SEVERSE AT T b, 22 A NP B X A
LC TE X8 1 4 ' =X PMSM . # 1] 5 G2k
XA PR OR B 455 1] B R g8 ek A e s A7 iy 1 O, BF
58 7 —FpEE T A R R I TSR R F R R
PERR . SCHRL 21 JES24H LC IR 10 =B 2 40
BEAY TR A 42 T R T, X S g L it | FRL A
JE K AL R AT WO, BEXS LC B A
S AT IR B G, S 1 5 N 220 5 3ok 7 e 7 2
I ARG URRLSE , T ARG [ SCBUE R, R

© Editorial Office of Electric Machines & Control Application. This is an open access article under the CC BY-NC-ND 4. 0 license.



PR R, A5 s — iR T o 2 F AT TR BELJE A9 LC i Y e 25 A R ) 20 FL ALK 5l 2R 2 i A0 i SR et

GAO Dapeng, et al;: A Resonant Suppression Strategy for Permanent Magnet Synchronous Motor Drive System with

636

LC Output Filter Based on Capacitive Current Active Damping

PR BRI R ACR . A T SEEA LC IE I AR
T B L AL EIR 3l 28 4 e P BB TG o7 B A% R A i, SC
R 23 T4 T — i I U8 e 25 P J% P 3 R L L
SE T HU 2 (8] B A HL 3 ) PMISML 2 H sy 45
R X B0k = B LCL AR ey — B 1L,
AT AT DAFE AN L P A 2 A AR 00 T A i i
B, SCHR[ 24 ] 56T 3928 S5 00 F 3 . R AL AL 9
L $2 T —Fh B LC 8 PMSM £ 4%
A TRBEE O %8, R MR T RS AR
FA1ERE, Changming Zheng %5 A/ 42 H T —Fh
AU FhL A R I 2, AR E I A LC DR
A% PMSM 2Kl R G015 PR . SCilik [ 26 ] $2 5 —F
RO ABE AR TN 42 TR i e e G A PR AR AR Fo0] 45
HAER X RGN, T N R T —
FT 0 LC U8 I #5151k, 76 AN 52 Wi 08 D 254
ATRFERI LR T, PRIE T H AL A 3 B P4 24 M) 7 4
P, SCHR[28 14 XF LC €3 A PMSM 3K 3h R 48,
P& T — I 0 H BELA R BELE 1) I 2 4 T
P, VLA T SR S

ASCHFSE Tl LC i B U 4% 19 PMSM 2% &t
P R G AR B I HLER, B s i R 52
o MY JEL R, AR5 AE FELAS L U S 5 | AT VR B2
A A5 e s i O, MR SR ) 0 B SR A M in A AT
VR BEJE 5 %t R GRS PR, 3 A5 o B
ok XA PR BH S 2B B PT Pl 8% S B0t A%
Th, FE5 G155 PMSM K i 5 il v s B P1 %
(ilEIE 2

1 ETHERREIFRRERAETRING

1.1 PMSM-LC RZEHE 1A
T LC %t 38 i 28 19 PMSM H, 7 R 458 il 45
FEUNEE 1 FiR, R PMSM £ 48 = A 5¢ & Xk
Hoh Y ¥, WA f iy B ] R Ky
di

uS”l = RSI:SI” + Lb d;m + eSYH ( 1 )

KA om N abe =AM, iy, e, Z00NHEHL=
AHER S RV AR R sl 3 R, D RLBLAY 2 1AL B
L, AHHLE FHU,

[ 3, s LC DBt h = ARS8 X FREY Y
B T H 2R B, ) LC y& i 4s 5 PMSM HX
SEZ e W B ] 7R

1 RN LC %t i i 25 B FR T IR 4 ) 45 44 ]
Fig.1 Current loop control structure diagram with
LC output filter
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Fig.4 Block diagram of resistor-capacitor parallel control
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Fig.5 Black diagram of capacitor current proportional

feedback control
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B 20 HiREERH PMSM-LC = H TH = HBRKE
Fig. 20 Three-phase current waveforms under
PMSM-LC control with active damping
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