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Abstract: The multiphase self-excited synchronous motor
achieves brushless excitation in the zero-low speed domain by
injecting high-frequency harmonic current excitation into the
stator side. However, existing research has not fully explored
the phase of the injected high-frequency current, limiting
further improvement in excitation current and torque at zero-
low speed domain. To address the above problems, this paper
first derived mathematical formulas based on the principle of
fractional slot concentrated winding magnetomotive force, and
analyzed the mechanism of high-frequency current injection
for excitation. Next, the effect of the high-frequency current
phase on excitation performance was investigated, and a
phase optimization strategy was proposed. Finally, a self-
excited motor model was established in Maxwell, and finite
element analysis was conducted to verify the proposed
strategy. The research results showed that with the high-
frequency current phase optimization strategy, at 100 r/min,
the induced potential increased by 17.5% , the excitation
current rose by 7.5% , torque increased by 6.6% and the
torque ripple decreased by 71.58% .

Key words: self-excited synchronous motor; high-frequency

excitation; magnetomotive force; phase

@ . ZH AR R D A LE TR TN A e R
8¢ P DL DAl R S IR ST I il . R AT O BIF TS

EEWA . BT8GR $T B ([ 2022]205-04)
Xiamen Overseas Chinese Scholars Project under Grant

([2022]205-04)

TV 5 B0 E A R S A T A AT, B T A AR
SR G R N A A B i — 2B AR T, BT BRI, T
T o0 BN AR vh SR G B B SR R B A 1 A T
e AL T AT Tl R AL R 5 JCUR R T R A R U 1 A
AN X ol 20 R W s T, 4 AR 6 A AR SR W 5 R s, R
Maxwell 37T F il ALY IR4 748 FRIT /A5t fir 4
SRUSHEATIOUE . BFFE4S 2 W . R 000 e A O AL SR £
100 v/min A, BN B S48 0 T 17.5% , gL 7 BT T
7.5% R RT 6.6% ,FESE Bk sh E He b 71.58%
KHER: ARREE AL, SR RE ; REShE; ARAL

0 3|5

KRG FAILE AR LI S A0 4 1 PR BE 88 Y 2
R NRCR FERBIICA FTREIR K B A =
NRGAFGATE) T Z R AR+
eI VAR PGP S e, HCAR S s DL LA s ik
PERIAN T FRAE A, H A 52 fHOR O R K BTl 3
P BAT P sV, AL, hy i A 58 1 T R
T AR 8 L 25 L A 3 EUK W R ML 48
LHHAERG I, v X S ATRORREAR S TR,
e L R B A MR A = BB K
IR 5 Rl T BB LR BE ORI B, DT 28 B AN
AR T DG, I A R T AL LIS
4 F AL TR R Y PR

FEL il [ A1 AL RE 8080 o 30 3 5 5 Il e L O
AR R/ INHE T I 5 130, fdk ke T K R TR] 20 R AL G

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



LSRRI, 25 514, 55 10 )

Electric Machines & Control Application, Vol. 51, No. 10, 2024

65

SRR IR, PR O 32 DG T, HRL T[] 25
BLA% BRI % 7 AT 43k A Rl Rk rE, R 42 ik =X
JCRAL R N2 1 1 Ak T R AR i 1T SR
A il 3l e T R RO PR 2 S BRI FE K A
Ak, PG, B2 JC Rl G 1) AR KF- B
WEE L,

SCHR[ 14-15 ] 4& i A IT S840 W] 26 Al i) =
RS [ IR T I R, 00 3 B Gt 25 T i e A i v,
R N T Bl e AR H i i
SCHR[16] 52t —Fb 1 Jh i i HLod i 7 9 1 B &2
BB G — AR a , AT & BB 47 I 1 I
LRIV T TE 1 LR B Sl B, 2 B A
S5 R TG GE2H S R G R U, AT AR B
Wi . ARAEFAR R, o B U0 v VA 18 I8k 1% 3
BN TOVE P A s B e L i, DT R T HL L
B AR R KN, SCHR [ 17-18] S w iRk F il i
BILAE 2 SRR 3 Jl ) 5 i BR ) 2 H0 7 1 Dl
FLBTL A~ M5 A7 A e 0 P, i F T3 2 I Bl
PEREFRAR /N B s (ERE A s A3 3 P A
(RCZER YN T ST

B T AR e BT A ST 2 A1 T Sl e 49 FL 3 Dl
TG D AT A3 AT, B 1 v A0l AR 7 7 1 Ak Dl
LRI, I8 T Ansys Maxwell A9 ELAE AT
Xif T4 B ) D0 AL SR R A T O LA IE

1 BR#EES BN R R E

1.1 BRERS BRGNS

B 1R — 11 A8 4 X8 sl g ) 20 f
HL( Self-Excited Synchronous Motor, SESM) ) I
HFDASHY . HUHLAE A L T A L 0 R] 25 FL L
Z | BRI GA, H T R B N I B RE
A= RN L Bl B AR I G e i, T TG
R AR Dl s 8 2EL 4 I AR LU FL , S IR BIL
H I .

R A T Ry A W G B B & R
T g R b Sl iR 1T, B Sk PR Bl ik AR
—AEFW b I BB R RE N 1, Bl —A>
2 P Rt 5 AR AR Y 71 R A AR R AR ¢
ST 1 AR, BB T E R R B
[Fi] Fof 12 FR A 48
1.2 B E S By TR & SRR 2

15 F g [ 25 i ML AIF 52 o e ) 7R IR

B 1 1148 4 1R B RREEE VB E RIS
Fig.1 11-phase 4-pole self-excited motor cross-

sectional topology
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Fig.3 Different j, motor torque waveforms
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Self-excited synchronous motor ( SESM) offers
an innovative solution to address the performance
degradation challenges encountered by permanent
harsh

conditions, such  as  high

magnet  synchronous  motors  under
environmental
temperatures, salinity, and humidity. By integrating
two sets of windings and a rectifier into the rotor

SESM high-order

magnetomotive force generated by the fundamental

assembly, utilizes  the
wave current to induce voltage in the harmonic
winding on the rotor. This induced voltage is then
rectified through a multi-phase bridge uncontrolled
rectifier circuit and converted into direct current,
which is efficiently supplied to the excitation winding
for effective rotor excitation.

However, under zero-speed and low-speed
conditions, the harmonic magnetomotive force of the
stator fundamental wave current fails to generate the
required excitation current, thereby restricting the
motor’ s torque output.

This article began by providing a detailed
explanation of SESM ’ s structure and working
principles. A mathematical model of the stator and
excitation current was then developed based on the
principle of magnetomotive force, and an optimized
phase selection strategy for both fundamental and
high-frequency current was proposed to improve
overall motor performance. To validate the theoretical
framework , the SESM model was meticulously built
using Ansys Maxwell, an advanced electromagnetic
software. finite

field simulation Comprehensive

element simulations were conducted to rigorously
compare and verify the motor model against the

model. The

demonstrated consistent trends between the finite

established mathematical analysis

element simulations and theoretical predictions,

confirming the accuracy and reliability of the
proposed model.

In  conclusion, this research offers a
comprehensive analysis and validation of the 11-

SESM,

operation,  and

phase shedding light on its design,

optimization  strategies.  The
integration of theoretical modeling with finite element
simulation not only validates the proposed methods
but also lays the groundwork for further development
of SESM technology, enabling wider application in
high-performance domains.

Following adjustments to the high-frequency

based on  mathematical

Tab.1,

enhancements in motor performance were observed:

current  parameters

derivations, as shown in significant
the induced potential increased by 17. 5%, the
excitation current rose by 7.5% , the torque increased
by 6.6% and torque ripple decreased by 71.58% .
Tab.1 Comparison of j, excitation effects under

different phases

wz/Hz j2 E/(p,u,) [f/(p. u.) T/(p,u_ ) TD/%
500 2 1 1 1 10.59
500 1 1.175 1.075 1.066 3.01

These experiments confirm the accuracy and
effectiveness of the excitation optimization strategy

elucidated in this study.
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