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Research on Harmonic Suppression of Induced Voltage in

Counter-Rotating Dual-Rotor Synchronous Generators Using
Stator-Radially Variable Slot-Tooth Width Ratio
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(1. School of Electric Power Engineering, School of ShenGuorong, Nanjing Institute of Technology,
Nanjing 211167, China;
2. Jiangsu Collaborative Innovation Center for Smart Distribution Network, Nanjing 211167, China)

Abstract . [Objective] To address the issue of high harmonic
content in the air-gap magnetic field and deteriorated induced
voltage waveform caused by the traditional constant slot-tooth
width ratio structure, this study designs an axial-flux counter-
rotating dual-rotor synchronous generator (CR-DRSG) with a
stator-radially variable slot-tooth width ratio ( S-RVSWR).
[Methods] A three-phase 6-slot fractional-slot concentrated
winding modular stator was proposed, featuring a variable
slot-tooth width ratio structure where the tooth width remained
constant and the slot width increased linearly with the
stator’ s circumferential radius. Distributed-winding rotors
with 24 slots were placed on both sides of the stator, with
dominant pole pairs of 2 and 4, respectively. The magnetic
fields generated by DC excitation of the dual rotors were
coupled with the stator’s dominant pole pair fields. The
integral cancellation mechanism of non-working harmonic
fluxes was derived using the magnetomotive force-permeance
model and radial integration theory. The electromagnetic
performance of the traditional and new structures was
compared and analyzed through three-dimensional finite

element simulations and a prototype experiment platform.
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[ Results ] The simulation and experimental results
demonstrated that the S-RVSWR  structure significantly
improved the induced voltage waveform, making it closer to a
sine wave. Compared to the traditional constant slot-tooth
width ratio structure, the total harmonic distortion of the no-
load phase voltage (5 Hz) was reduced from 24.31% to
5.20% , with the amplitudes of the 5th, 7th, and 1lth
harmonics notably decreased. [ Conclusion] The structure
effectively suppresses low-frequency harmonics in the induced
voltage by leveraging the integral cancellation effect generated
by the stator’ s radial geometric non-uniformity. And the
effetiveness of the S-RVSWR design has been verified.
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Fig.1 Schematic diagram of the S-RVSWR-CR-DRSG
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Fig.2 Schematic diagram of stator core fixing bracket
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Fig. 4 3D axial schematic diagram of conventional
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Fig.3 3D axial schematic diagram of novel stator structure
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Tab.2 Data of stator slot width variation
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Fig.5 Stator-rotor coupled magnetic circuit
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Fig. 6 Stator winding magnetomotive force
star diagram
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Fig. 16 FFT of experimental voltage under dual-rotor

simultaneous excitation (5 Hz)

JESRM 5 Hz b} % 10 Hz iF, THD & b7} #
P, HAMRA TR AE T iR T2 2 R, &
PR EAR T T om0 iR TR
WAIPEIR e EO S | A i, IR R B
FEUETE = A i A%

B 17 N FRE MK EE FFT(10 Hz)
Fig. 17 FFT of experimental voltage under dual-rotor

simultaneous excitation (10 Hz)
4 Z5iE

AR S X il ) 2 30 KU F e HL AL FRL R IR
WA [R) B, 45 M S-RVSWR 45 K, B8 fif BT 36
B I8 P B SR S R AR I AR etk o A i i
I EAT S VAR A QN R ) 313/ i
A IE BRI, DA P B Sk U0 B TR OB R U A
R

5 Hz .00 F 0905 B 53050 E 52, 25 20 A i
JE THD Hy 24.31% F&Z 5.20% , P #4 T HiAH 1E
5% o SN PR F R (R BGPTSR
25 T 8CA BT R AU JE T A BAREE, TR
B, FICH A B i Ak T &= 24 AR i T,

REAR T il A . (H7E 10 Hz 32 THLF B T
AL (A M S 2 51 K B 7 sl 2 B L, § E0S
BRUEEHT 5 A B, B B A, IR A A A
oG PP T ) 2 R R OR R i e AR T A
PEAT HLAR N [, DA AR 2R 3 25 a4 B R e 1k

il

F &5 22 = A
A VEE 75 IAAEAER 25 0P 2,
All authors disclose no relevant conflict of

interests.

& STk

BRI IS T A T R AE AT TR B
TH ARSI SCIRE IR T A R T
W ZRBRIEAT 1T B AR AT I, SR A T
& OEFEZ S5 TR EES B0, rafEs
P 0 W) T e AR 4R AE

The scheme design, content summary and
paper writing were carried out by Luo Hao, Hu
Haoyu, Yang Yubo and Ding Jiarui. The simulation
and experiment were conducted by Luo Hao, Ding
Jiarui, Hu Haoyu, Yang Yubo and Qin Zhen. The
manuscript was revised by Luo Hao, Ding Jiarui and
Ni Xijun. All authors have read and approved the

final of paper for submission.
2 & X

EB, R, BRER, S I SRR K
G20 vy AL MR S 7 B P58 [ ], R L,
2025, 53(12): 19-23+28.

Wang Y, Yang C W, Yin X K, et al

[ 1]

Noise
simulation of permanent magnet synchronous motors
towards experimental validation [J]. Small & Special
Electrical Machines, 2025, 53(12) . 19-23+28.
RAEE, Mk, BN, S OB BRI
W SIBFTHOREEIR[)]. B TRER, 2025, 44
(5):2-24.

Zhu J Z, Gao M Y, Xiao P F, et al. Review of grid
integration and operation technologies for large-scale
offshore wind power [ J]. Electric Power Engineering
Technology, 2025, 44(5) . 2-24.

[3] BB, AT, ke ETHEASE QSN R

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



BN E TR

T A2 VA G L 585 00 5 U 7 [R) 20 A MILIGEE ri T i R O 5

Luo Hao, et al: Research on Harmonic Suppression of Induced Voltage in Counter-Rotating Dual-Rotor Synchronous

642 Generators Using Stator-Radially Variable Slot-Tooth Width Ratio
e HAHIR N L ML S BRI [ 1], B TR pairs [J]. Electric Machines & Control Application,
R, 2025, 44(4): 119-127. 2024, 51(11) . 85-95.
Hou X G, Lwo X Y, Tu X. Dual-parameter [10] W&z, HEE, FEWE, &, E RS X kg E
identification based on model reference adaptive SHPIYERERE W[ ]]. B TR, 2019,
system for five-phase induction motor [ J]. Electric 14(3) . 97-102.
Power Engineering Technology, 2025, 44(4) . 119- Yang Z H, Yang M X, Wang S N, et al. Effect of
127. stator skewed slot on performance of permanent
[ 4] JWZ, W, #, 55 A BRI magnet synchronous motor [ J]. Journal of Electrical
TR R P R M r ik [J]. B TRER, Engineering, 2019, 14(3) : 97-102.
2026, 45(2) : 60-69. [11] BN, EARAR, EFH M. M0 S Bor ik #g d L
Zhou Y M, Tian B, Tan Q, et al. A zero-sequence SEBEENE FRAEET]. MR pL, 2021, 54
current suppression method for pentacle-wired five- (11) ., 1-5.
phase PMSMs under a single-phase open fault [ ]J]. Zhao J J, Wang F J, Wang X H. Stator skewed-slot
Electric Power Engineering Technology, 2026, 45 method for suppressing no-load shaft voltage of
(2): 60-69. fractional slot permanent magnet machine [ J].
(5] ¥l 705 m) g am Jo 2k s b g [F A AL [ D] Micromotors, 2021, 54(11) : 1-5.
MR . MR JRIE Tl K2, 2025. [12] Tang HY, Zhang M W, Dong Y, et al. Influence of
Feng C. A novel axial flux wireless electrically excited the opening width of stator semi-closed slot and the
synchronous motor [ D]. Harbin: Harbin Institute of dimension of the closed slot on the magnetic field
Technology, 2025. distribution and temperature field of the permanent
[ 6] Kide, BiHeHE, 25, % i o BaCRUR i magnet synchronous motor [ J]. IET Electric Power
BERALIIT S50 T]. LS N A, 2024, Applications, 2020, 14(14) ; 1642-1652.
51(6): 107-115. [13] T, w48, WA TS, #0250 10 58 B i) 55 % 1)
Song C L, Lu Y J, An H, et al. Design and analysis REIE KRG ML RS RS [ )], B ML S Il 2= 4,
of axially segmented double claw pole permanent 2025, 29(1) . 111-120.
magnet motor [ J]. Electric Machines & Control Wang C, Peng B, Zhen D F. Cogging torque
Application, 2024, 51(6) . 107-115. minimization of axial flux permanent magnet motor
[ 7] Moon]J H, Kang D W. Torque ripple and cogging with various slot openings along radial direction [ J].
torque reduction method of IPMSM using asymmetric Electric Machines and Control, 2025, 29(1). 111-
shoe of stator and notch in stator [ J]. Journal of 120.
Electrical Engineering & Technology, 2022, 17(6) : [14] Asgharpour-Alamdari H,  Alinejad-Beromi Y,
3465-3471. Yaghobi H. Reduction in distortion of the
[ 8] BEh:, VFrEml, friEm, &, LT I i+ synchronous generator voltage waveform using a new
A E KB XU B ML R R A e A (T, | winding pattern [ J ]. IET Electric Power
F1 AR, 2021, 41(2) : 159-165. Applications, 2017, 11(2): 233-241.
Luo H, Xu X W, Shi Z K, et al. Analysis of [15] EFNI, 9%k, 56k, 55 250 4E T e Wi+
electromagnetic coupling characteristics for doubly-fed SEAEHRALE TSI Tk [T]. LS s A,
induction generator based on multi-frequency pole 2025, 52(6) : 669-679.
pairs magnetic field coupling [ J]. Electric Power Wang Z G, Luo H, Ji W, et al. Fractional slot
Automation Equipment, 2021, 41(2) : 159-165. concentrated winding double rotor asynchronous motor
[ 9] fEHHEE, BEEG, JRBPM, 45, JLT 55 [RGB e i harmonic suppression method [ J]. Electric Machines
TR G 1 OB 7 W) 26 R T & v B H B R 1 23 BT & Control Application, 2025, 52(6) : 669-679.
[J]. mALE#EHIN I, 2024, 51(11) ; 85-95. [16] 3REE, TFNI, Hk. 5o g g oM 25

Ren M Y, Luo H, Zhu K S, et al. Electromagnetic
characteristics analysis of dual-rotor synchronous wind

generator based on wideband coupling of spatial pole

WRIRELT]. LG F W, 2025, 52(4)
442-452.
Luo H, Wang Z G, Ji W. Calculation methods of

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



R

HEHINT, %53 4%, ol
Electric Machines & Control Application, Vol. 53, No.6, 2026

643

[17]

[18]

[19]

[20]

[21]

distribution coefficients for fractional-slot concentrated
[T]. &  Control
Application, 2025, 52(4) . 442-452.

MRis), B, B BEE D Lo B 4R
R RGN F ()] B TR 2R, 2010, 25
(10) ; 30-36.

Chen Y G, Pan Y L, He X. Magnetomotive force in

windings Electric  Machines

machine  with
[J 1
Transactions of China Electrotechnical Society, 2010,
25(10) : 30-36.

Di Gerlando A, Ricca C. Analytical modelling of the
slot opening function [ J]. Magnetism, 2023, 3(4):
308-326.

Cai S, Zhu Z Q, Mallampalli S, et al. Investigation

permanent magnet  synchronous

concentrated  fractional-slot ~ winding

of novel fractional slot nonoverlapping winding hybrid
excited machines with different rotor topologies [ J].
IEEE Transactions on Industry Applications, 2021,
57(1) : 468-480.

Araghi S M T, Kiyoumarsi A, Dehkordi B M.
Design, analysis and prototyping of a PM-assisted
synchronous reluctance machine equipped with new-
type of fractional-slot winding [ J]. IET Electric
Power Applications, 2025, 19(1) ; €70002.
VR B ARV IR G RGE K EFB HLFSE [ D]
B SEPRHRE, 2022.

Sun S J. Research on novel axial-radial hybrid flux

[22]

[23]

[24]

permanent magnet machine [ D]. Wuhan; Huazhong
University of Science and Technology, 2022.
JEBIZA, Bk, @b, S SRR h e g sl
JEE L BIL A O CRRE R BT [0]). LAIL S 4 AN
2025, 52(3) . 305-314.

Zhou M J, Luo H, Gao Y, et al. Fault analysis of
single-rotor induction motor with fractional slot
concentrated winding [ J ]. Electric Machines &
Control Application, 2025, 52(3) . 305-314.
Eemolaev A 1, Erofeev V 1, Plekhov A S.
Investigation of magnetic noise in an asynchronous
motor with a rotor shaft eccentricity [ J]. Russian
Engineering Research, 2025, 45(10) ; 1331-1338.
Cao J H, Fan B, Xiao S W, et al. Stability analysis
of planetary rotor with variable speed self rotation and
uniform eccentric revolution in the rubber tapping

machinery [ J]. Forests, 2024, 15(6) ; 1071.

e H #H.2026-01-15
e &R B 31 :2026-03-24
TEZ A

THAR(2002—) , F B AT AE WS 1] R R 2

HALAIR T Sl R | 17712632998@ 163.com;

« WEVEH 9%

W (1978—) , B, Wi+, ¥, i 7

1) A T RE TR A LB AR 5 i L 2y, 518805 1@ . com,

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



