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Research on the suppression of PMSM harmonics by
random carrier PWM scheme

LI Shiwei, MA Jiaqing, TAN Shudan, WANG Xiao, HE Zhiqin
( College of Electrical Engineering, Guizhou University, Guiyang 550025, China)

[ Abstract] During the operation of the PMSM driven by a three—phase inverter, the current harmonics will increase the loss of the
stator and rotor. Under the influence of the serious current harmonics, the vibration and noise of the motor will increase, which
seriously affects the normal operation of the PMSM. In response to the above effects, a random carrier frequency PWM scheme is
adopted. Though randomize the carrier frequency and to generate a PWM wave of random frequency. After passing through the
inverter, the phase current is properly filtered and to control the PMSM. It can suppress the phase current harmonics during the
operation of the PMSM. Final the scheme can improve the control performance of the PMSM. By comparing with the traditional
PWM scheme, it can be found that the random carrier PWM scheme has a good suppression effect on the harmonic’ s suppression of
the phase current and motor speed after simulation and experiments.

[ Key words] PMSM; three—phase inverter; random carrier PWM; harmonics suppression

JR S FE SVPWM HEA (LR I, 2 1003 ] 5 4t

0 3 = B T LA AN 45 0 7 9T B 7R 1 R

B H ) L T ORGSR )2 N
T AL AL R S8 b, AR S8 R K R R 2D BL
( Permanent magnet synchronous motor, PMSM ) 4 il
TS PLAG G, ] LU LB A 2 i v i AR
[ L TS A i [ A0 rR DL ) 5 SRk 4l Tl ik —
B AT LA A B R AL A kR
58 PMSM 4 77 il i 15 PID 45 AOH 1900 42
il A28 000 2 4 ) A5 R 7 S [l RS PMSML 7R
P s AT AR R 22 AL R ik e IR T AR
Bl A5 23 (8] 5% 5 DK 98 98 il ( Space —vector pulse width
modulation, SVPWM) 4R 5 PMSM #& %5 &, 4
AR R S WTSE, 1 L 3h 4 9K 5l 5 1 v oz

IR BN R GE AR 5 BRI 45 1 AR L 32 B Y
FRRBEAREGE G, v AL B4R 5 32 i s 1l SR BRAE
AT DR SR R G RE

DL EJEXF PMSM #5475 ik i OL Ak, i 75 PMSM
AT IR SRS DN 5 O Ak AR ) i D
TH B | 984 A AR M A R S ) H B Y
B AT AR — Ot BRI DU R A 235 i) K 3R o
FUASFELE K e PR, o o] PR R Ak 2% b, ] DA
TR0 AE 2R AL B o) L, 9/ T L MLE AT e R v
FRIR D S0URE | SR T L BIL A8 A7 R i X il
(AT, 38 A it — o7 198 35 5 T 3 5 O 1 1
BETELRAGTT 7 ids, 1T LAAG 50 T8 B % 4 A0 245 ()3 O

EE£WH . HRARFHAES (51867006,61861007) ; 53 MM A BT -5 KIK &34 (BFHS LH £[2017]7229 5) ; BHA A AA ([ 2017]

5788) s S A BT H (BRGSO [ 2021 ] -l 442) .

EE® T WA (1997-) , 5 B0 A, BT 1) ST B AL ] B TR P RE R IR SR (1981-) 58 1 Rl &

FEWFFE 5 19) < 3 i F LA R M A ) B TR AR AR 2 M A
WIEE: DK Email:357287962@ qq.com
Wris BHA: 2021-08-09

o iR Tk £ F % A KRS




80 B o /5 M5 MM

RS

X REFEAG T2 PMSM 1638 47 3 R b P A 1Y
Y 3h 2 7 5 R AL A 45 R B e B AR S B
B A5 ) R ) Ay E AR N TR AL B
BRI LAY AL B REIR B, L 2k B AR AL
IRShAS AR B H YT PWM £ R 7E PMSM 5
Tl rP AR AR WEFE T S, 7 PWM H2 AR $5 il i 356 At
L6 PWM AR BEAT A A A e gk | A5 3 B 4
PLEERIBOR . 5 Markov 8551 F PWM HR i 24
—FhIETF Markov i 1) A8 45 7 3 R G FEHL PWM £
A, GEE0 PWM B EG, AT LA/ H 3 Y
SO, B LU R SR PR 5 Xk L P R
AR, P — P A [ SRR AL PWM I 1 SR
TIE T PWM 3 8 28 45 b 38 3 il 4 15 T R 78, A 8K
ok /] 0 A 0 (R, T T L0 ) 2R 6 M 7 R R L
PUBIR SN IGBT Bk A58 AR 2%, 7R ia 7 ad f v,
[ 2 WA PWM SR W 70 A% I8 s B R 3 ) 00
HA PR A YRR R — TP 7 S S R T 7 A A R
(5, Gt BE AT, TR R GG Do
R T A A LR D RAH AT ), 48—
PMSM (P BEAILANXS BRI ok FE P8 6l 773, 38 4o Fifi #1408
VAR I | DA R AR AR F S0 I8, B TR G R =
FHAE PWM 127 15 T REAS 25 A 10 il A B 3 18 0 A
FAREHHRS) 32T T PMSM i34 T H0RasETE " |

ARSCHET = AH AR 2, R —Fh X R Bl AL 25 0%
PR PWM il 5w, 2o 5 0% B IS 1 | B MLIL 2%
WA | A AR 7 = AH B IS A — > g
o, A AH H U B TS U, $E T PMSM &R & A R 1
PERE,
1 BigaH

FE PWM 45 il i 1) A6 LIS A5 B e, 3

A PWM () PWM 155 F 7] il 162 R0 28k 6 R i) A= e,
1 fiR,

(a) PWM VG 580k

r r r
(b) PWM 5%
E1 EZ&PWM
Fig. 1 Basic PWM

AU P DASR: = A U sl O 00, AR S i
(A2 =A%, Y ERAL T T BERY B 5 Il AH 2L
TERASE (o7 B b o Sl 5 5, PWM I i v {75
IGBT P XT N7 i ACAE 538, T S 4805 4 T B B isf
25 5 98 i A 52, 78 A 5 A ik & G B 1E
PWM 3 M A o5, {15 IGBT i o7 Y s 14 4% 56
W, B BRI PR AT, N TIAS B B & P /5 B9 PWM
Fr e

B PWM R il e A Hh ) 008 00 A 32 02 [
AR R FE =R AR 2R A BK Sl i B v S AE T
DR 8 7 T DR 23 R LA O B Ak 7 R 1S I8, I

S IR ) A0 AL B 8%, AR SR I BEAIL
i PWM Ikl 2 s,

i 3 BEATL AL = 2k 1) JR A 5 0 o 8 A
(IBERL PWM 35 i 455 B AILAL , T LA R i 2% 43
B PWM 5T [ e 5500 S 250 [ 5 505 e LB
SR A R U I, B 2R B PMSM 3 R4
HE.,

(a) RN PWM I 3 5 20k

T-At T T+At [}

(b) FEHLERE PWM (55
B2 KR PWM
Fig. 2 Random carrier PWM

TE5E PWM £ 7 ik, 2Rk T, it
BEHLAR A R (1)
T =T(1 +K) (1)
Hodr ) K g iEs m A S B REAILEL
—AH R TR A 2 ) AT, N 3 TR,

M

B3 ZiHRERFEREEE

Fig. 3 Three—phase voltage inverter circuit diagram
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Fig. 7 PSD estimation of phase current in simulation
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