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Fractional Slot Concentrated Winding Double Rotor

Asynchronous Motor Harmonic Suppression Method
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Abstract: [ Objective ] Aiming at the problem of non-
dominant pole harmonics generated by double rotor
asynchronous motors with fractional-slot concentrated winding
(FSCW) structure, this study aims at proposing an efficient
harmonic suppression method to reduce the harmonic-induced
efficiency loss of the motor and to improve the operational
stability and overall performance of the motor. [Methods ]
Firstly, based on the phase band division and arrangement of
the FSCW, the distribution coefficients of even-slot and odd-
slot were derived by the definition method and the harmonic
synthesis method, respectively, and the peaks and valleys of
the harmonic magnetic potentials at the axial position under
the different pole-pair numbers were clarified. Secondly,
combined with the theoretical analysis of the distribution
coefficients, two compensation winding configurations were
proposed ; the direct compensation method by adjusting the
phase relationship between the compensation windings and the
main winding, so that the peaks and valleys of the magnetic
potentials of the harmonics to be suppressed were
superimposed with the main harmonics in reverse direction;
and the phase-shifting compensation method by the phase-

shifting design of multiple sets of compensation windings, so
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as to achieve the active offset of the specific subharmonics. In
addition, a three-dimensional motor model based on finite
element simulation was established to verify the effectiveness
of the compensation method. [ Results] The theoretical
calculation and finite element simulation verified that the
proposed methods can effectively suppress specific harmonic
components and enhance the operating harmonics in small
amounts , which improves the operation stability and efficiency
of the motor. [Conclusion] This study shows that the direct
compensation method and the phase-shift compensation
method can be flexibly applied to the suppression of non-
dominant pole harmonics based on the characteristics of
harmonic peaks and valleys distribution. The former is
suitable for the scenario where the peaks and valleys of the
proposed harmonic suppression and the operating harmonics
are reversed, while the latter solves the harmonic cancellation
problem when the peaks and valleys of the two are in the same
direction. Both methods can moderately enhance the working
harmonics while suppressing the target harmonics, providing a
theoretical basis and technical support for high-precision
motor design and harmonic management.

Key words: fractional slot concentrated winding; double
rotor asynchronous motor; distribution coefficient; harmonic

suppression
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compensated winding by the phase shift method
*1 WEHFRTHBEISH
Tab.1 The parameters of double rotor

asynchronous motor

SRR ZHE

1 S5 S/ mm 100,200

2 ST N SR/ mm 100,200

FE Tl K B/ mm 100,70

FE TN FPEAR/ mm 100,200

T T IR LR A 46 B I 4 56.56

E TR AT E 18.7/11

1 SRR F RO 15.7/8
2 S TR O L 24 11/13

1.2 857 5 58 T RSB/ mm 1

3.1 SER#ZTIRE S

XIRE - 18 M 2 S5 1 24 Hl I SE 2H i n
50 Hz —AHXT BRI , 25 76 AS B2 #h 2 BE 1A I
ZRAF T 7 YOI, T EE XML ALiE N BC
AEFAF S 4 = A FR Bl

T 1 B0 — X FR Y FSCW 7= 42 1Y) 2k Al
3k YR W Sh B AH BRI , FARYE R 14 Wl %0, &
X7 YRS R 5 YR I 2R AT 90 ] ) R SR, XoF
TR TR DA e, R B
MRS 7 UG, SRR ARG T A T O
P T 79.78% 11 YRIEIEIESR T 2.39% 5 >R
FEAHAMEIL NG 5 OB I, B AL HE % T & 1 5
YRR G0 T 86.5% , E 50 11 R TAEISIE
RGN T 0.88% 127,

14 ME SR 3 b B
Fig. 14 Comparison chart of harmonic suppression of
compensating windings
3.2 HTRNBHBSHF
X FSCW XU 7 I HUBILSE e i = A Hi 37
WA, IFRe G TR 25 BB T 0.3 I I 24 Al
e MIAF S 07 T R A R HL Bl 3 4521
e 15 Rl

B 15 #MEETE R BT E
Fig. 15 Comparison of induced electromotive

force before and after compensation
T R AL B3 AR 5 E T SRR

1_
ws[l +<S>V} w=1,6k+1
p

w, = 1
ws[l —(s)q =6k - 1
P

XIS H EH AR S M Se 2 s
1)t - J% N R, By B 1 AT PR B AR 6 ( Fast
Fourier Transform, FFT) 3%/ #7, 25 K nl& 16 i
TN o HURGEZH G 10N 2 S {8 S R R 5
Y A, IR R 53.18 Hz 34.09 Hz 72.27 Hz .,
15 Hz #191.364 Hz,

PR 16 AR, B 3 6 e 1RV, HL sl 345
el e K 7 U U 53 5 A A S 3 A i R A

(29)

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



HIPL SR, 55 52 4, 45 6 1)
Electric Machines & Control Application, Vol. 52, No. 6, 2025

677

ST JRSELH , B AHEEXT 5 YOI o 1 A 2k SR 3k
55.8% , XFF PRI S U, HEES
B U1 R 13 YOE IS 4 i3S 10.8%
9.9% \15.8% , B AHIE 3 7 K11 IR 13 RIE K
AN 9.1% 8.7% .10.5%

B 16 HTFRENMBEHBIEREST
Fig. 16 Harmonic analysis of rotor induced

electromotive force
4 L5

AP —FGEF 18 fl E T 7 XA 11
XM, 1 i 15 K F AR 7 R AR R 8 X, 2
SHT 24 K E S M 11 XA 13 X 9 FSCW
SN AL R B8] fiff P SCRE RN I A A HE S T
& T ARG O o34 ZREO R it T
FEAMEDRAS M AL R M S dL 1) )7 X,
FAMEIAE 3 0 R, I He A 5 A R
Tl H I UE T3 B R R B A R S T AT
PEPST SRS AR SO DU 258

(1) & SRR 1 RECGTRE B R T
B UG Bl S5 AH B WAL, A 25 A 2 1 X o0 Al
R 35 T B R A A R G 2 I A5
I B R R TR R (L K ) A 1
FH V445155 100 110 T T B o sh 353158

(2) FERMER AL B AL, LI035 3 S
X BRI I8 A S0 Ak T U8 0 AR U A 5 2 B, T
R EEAME LB A M i 3R 3 R
W o AR 33 T i T R 9 I3 UL o
PR S 3y [l IS ] 3 224 A 348 i T A S U8 s

Wik

TP RAEH
A AR AR A AE R 5 0P 58

All authors disclose no relevant conflict of

interests.

)

EES R UF TN S N LEISEL RS '€
5 BRI E AT TS, g% A | B A
FHZSE TS B8, B 2 b
IFRE T RA TR AL,

The scheme design, content summary and
paper writing were carried out by Wang Zigang. The
experiment was conducted by Wang Zigang and Ji
Wei.
Chunyang and Gao Yang. All authors have read and

The manuscript was revised by Luo Hao, Sun

approved the final version of the paper for

submission.
5 % 3wk

B, VRRERL, FRIESN, 5. R M0 G A
BB B IR AL RERE S R e (] H s
A3k 4, 2021, 41(2) : 159-165.

LUO H, XU X W, SHI Z K, et al. Analysis of

[ 1]

electromagnetic coupling characteristics for doubly-fed
induction generator based on multi-frequency pole
pairs” magnetic field coupling [ J]. Electric Power
Automation Equipment, 2021, 41(2) : 159-165.
e, RIS, 2R, BT S R B 1 4y
Hohti b rh SE ALK R AP ML S B 5e [ ).
LT HAR2EH, 2015, 30(13) ; 150-157.

TONG W M, WU S N, AN Z L. Study on the
inductance of permanent magnet synchronous
machines with fractional slot concentrated winding
based on the winding function method [ J ].
Transactions of China Electrotechnical Society, 2015,
30(13) . 150-157.

WRes ). K E )AL A AL B2 o3 Bor 4R vh S 21 1 5
FHERUR[T]. KA AR (AR RS TR
ARRR) , 2012, 45(9) : 798-802.

CHEN Y G. Magnetomotive force and inductance in
permanent magnet synchronous machine with single-
layer fractional-slot concentrated winding [ J ].
Journal of Tianjin University ( Natural Science and
Engineering Technology Edition), 2012, 45(9):
798-802.

(4] MR, SEeenl. 70 BoRl 5 b 98 4K g 28 i Al i

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



WANG Zigang, et al;

T, A5 o3 O AR vh e 2H XU S 20 AL AL I ) 7 72

Fractional Slot Concentrated Winding Double Rotor Asynchronous Motor Harmonic Suppression

678 Method
HALE TR B K GEH RE M ()] WL, component polar-pair magnetic field coupling [ J].
2012, 45(4) . 1-7 Electric Machines & Control Application, 2024, 51
TIAN Y Y, MO H C. Stator magneto-motive force and (10) . 107-119.
winding coefficient analysis of permanent magnet [11] W, &6: BRKEF, 5 ETOREETSHMN
servo motor with fractional-slot concentrated windings ZZGAMCIE RIS 7k 1], e pL, 2023,
[J]. Micromotors, 2012, 45(4) . 1-7 56(3): 16-22+34.

[5] D&2Z. mPlM]. 5 R dbsat: HLACT I AR WU G, LUO H, ZHAI C C, et al. Low harmonic
., 2014. suppression method for multilayer windings based on
TANG Y Q. Electrical Machines [ M ]. 5th ed. fractional  slot  concentrated winding [ J ].
Beijing: Machinery Industry Press, 2014. Micromotors, 2023, 56 (3): 16-22+34.

[ 6] FNVE, Jhk, RN, 55 0 Eol R h g2 g f [12]  BReS:, RORMK. B R PG E T E S #1)
MLHE = R W we sh Al 7k (1], Al SRELT]. MLS TN, 2022, 49(1) . 62-68.
PRI, 2023, 50(11) ; 86-95. CHEN H C, SONG C L. Decomposition of stator
SUN C Y, LUO H, WU G, et al. Method for magnetomotive force of fractional-slot concentrated
suppressing  non-dominant  pole  log-harmonic winding [ J ]. Electric Machines & Control
magnetomotive force in fractional slot concentrated Application, 2022, 49(1) . 62-68.
winding induction machines [ J]. Electric Machines [13] S, MR, fifh. 5850 X008 FIR G B g
& Control Application, 2023, 50(11) ; 86-95. FLHIL Il U 5 B0 A 15 3 R R 37 R 3 e v 43 T

[ 7] KM, A5, L%, % BTER T HE [J]. HALE#EHINA, 2024, 51(8) : 67-75.
rR Ll B FE LR S R AR AT (D], BT MA T, LIN X G, XIE W. Optimized design of
HiAR, 2023, (23): 29-33. excitation source parameters and magnetic field
ZHANG H Y, LUO H, NI X J, et al. Analysis of regulation characteristics of parallel dual-rotor hybrid
starting torque characteristics of induction motors self-excited magnet motor [ J]. Electric Machines &
based on fractional slot concentrated winding of stator Control Application, 2024, 51(8) . 67-75.
and rotor [ J]. Electric Engineering, 2023, (23): [14] SRMER, SH°F, T/NE. e XML X 5% 7k R [
29-33. MBS T RALHAR[T]. AL 6,

[ 8] FZnm, ASCHE, Hlte, 55 Al HLdl ik 2021, 48(1): 61-67.
BGRB8 D7 ik 2iak [ ] AL TR ZHANG L S, HU P, NING X L. Dual-rotor
“#i, 2020, 40(3EF 1) . 272-280. synchronization technique of contra-rotating pmsm
ZHENG J Q, ZHAO W X, JI J H, et al. Review on used in counter-rotating fan [ J]. Electric Machines
design methods of low harmonics of fractional-slot & Control Application, 2021, 48(1) . 61-67.
concentrated-windings  permanent-magnet machine [15] ERHp, #2, HEMH —MIETHEEHEEN
[J]. Proceedings of the CSEE, 2020, 40 (S1): i REIR 21 BT B XU F IR B AL ) ], A E AL
272-280. THE2#4%. 2019, 39(17) : 5216-5224+5302.

[9] CHONG L, RAHMAN M F. Saliency ratio WANG P L, SHI L M, DU Y M. A novel dual-rotor
optimization in an IPM machine with fractional-slot induction motor based on electromagnetic coupling
concentrated windings [ C] // 2008 International applied for energy storage and driving [ J ].
Conference on Electrical Machines and Systems, Proceedings of the CSEE, 2019, 39 (17). 5216-
Wuhan, 2008. 5224+5302.

[10]  wkH, B&Ak, BH—JL, 55, JET 230 200 S 4 [16] ksl B b S 41K G 5] A0 B AL A 9k 3l
WA I FSCW BUISHER N L HIL FEL 1 S 0 FE SHHTEAMHI[D]. UM BITIIRSE, 2023,
SRr[T]. LS SN, 2024, 51(10) . 107- YANG C R. Analysis and suppression of
119. electromagnetic vibration for fractional-slot
GAO Y, LUO H, XIAO Y F, et al. Analysis of concentrated winding permanent magnet synchronous
electromagnetic and loss characteristics of FSCW motor [ D]. Hangzhou: Zhejiang University, 2023.
doubly-fed induction motor based on spatial multi- [17] 5N, BRKF. £)250 500 % dh 524 003 D% 5 3h

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



LSRRI, 2 52 4, %5 6 ]

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

679

[18]

[19]

[20]

[21]

[22]

[23]

BOHI[I]. BTHOAR, 2023, (5): 208-210+213.
WU G, ZHAI C C. Analysis of harmonic magneto-
dynamic fractional  slot

potential  of multilayer

centralized winding [ J ]. Electric Engineering,

2023, (5): 208-210+213.

=, UL 77Kk i H LB DA B 15 e P AT
FE[D]. BIL: VLR, 2022.

PU Y. Design and characteristics research on airgap
harmonic group of double-rotor permanent magnet
motor [ D]. Zhenjiang: Jiangsu University, 2022.
XITERS, dUL, AR, SF BT R AR
ADALINE Y75 ) 2 H AL 3K 31 2 S 38 i 4 il o
WERFSE [T, HERBL T R (AR,
2024, 38(8) . 235-241.

LIU Q S, MIAO H, YAN J C, et al. Research on
harmonic suppression strategy in permanent magnet
synchronous motor drive system based on composite
ADALINE [ ] ].
Chongqing  University
Science) , 2024, 38(8) : 235-241.

FEAEMT, 9%, INERRE, 45 2 EORAR T SRZE AOn
BOBPANH T X AT (] RS BEd R
2024, 51(11) . 110-122.

KUANG J Y, LUO H, SUN C Y, et al. Comparison

harmonic voltage

of Technology ( Natural

study on pole pair harmonic suppression schemes in
fractional slot concentrated windings [ J]. Electric
Machines & Control Application, 2024, 51 (11):
110-122.

VFRRRL, B8ES, frIEd, 45 08U 4 rh SR XU
TN AL AL GRS S R T () ). B AL,
2019, 52(9) : 34-40.

XU X W, LUO H, SHI Z K, et al. Analysis of

electromagnetic coupling characteristics of dual rotor
induction machine with fractional slot concentrated
winding [J]. Micromotors, 2019, 52(9) . 34-40.
Ghl, ARIEMS, H—JL, . SrBRAE h e U0
HUALR Sh R P o A [T ] s AL P i B2
2024, 51(10) . 88-97.

LUO H, ZHU Z P, XIAO Y F, et al. Analysis of

starting torque characteristics of induction motors with
fractional slot concentrated winding [ J]. Electric
Machines & Control Application, 2024, 51(10) ; 88-
97.

VETM, g5k, TRRER, 5. FETIRA AN

Journal of

[24]

[25]

[26]

[27]

TR R WM R O i [T ] AR TR AR,
2024, 19(3) . 325-333.

XUY X, CAI Z D, LEI N W, et al. Hybrid
modulation-based harmonic suppression method for a
1]
Engineering, 2024, 19(3); 325-333.

WA, B, JATE, % B D SR K
[l e WL AL A G IR Sl MR e A [0 ] o L,
2023, 56(5) . 6-12+18.
SHEN Q P, CHENG ],

matrix converler Journal of Electrical

ZHOU Z Y, et al
Electromagnetic vibration noise analysis of fractional
slot  concentrated ~ winding

permanent  magnet

synchronous generator [ J]. Micromotors, 2023, 56
(5): 6-12+18.

TR, 25N r B e LK R 2D LA
RGN ]. BRAL, 2013, 46(2) : 9-12
+54.

WANG X Y, LI Z M. Analysis of unilateral magnetic
force in permanent magnet synchronous machine with
fractional-slot winding [ J]. Micromotors, 2013, 46
(2): 9-12+54.

WU X D, ZHANG H H, YANG C X,

Analytical calculation of magnetic field and analysis of

et al.

rotor permeability effects on permanent magnet
synchronous motor with fractional slot concentrated
winding [ J]. World Electric Vehicle Journal, 2024,
15(7) : 312-332.

HETTE. AL B SE A vt [T]. AL
A, 2009, (6): 4-8.

HUANG S C. Fractional slot winding design for AC
generators [ J].

2009, (6): 4-8.

Electrical Machinery Technology,

Wk H 1 :2024-12-25
e B H 199 :2025-03-31
YEE @A
EFNI(2001-), B, B0 5E 4, W58 a0 Y

RMLAY ST B sl B A, 1658548676@ qq.com;

S EIER 0%

ik(1978-), B, #i+t, #i&=, H5r

T by UG5 A F) A FE L B A8 i Dl o 42 i 2 AR, 5188051 @

qq.com,

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



