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Influence of Tooth Harmonic Winding Currents on No-load Voltage Waveform of

Armature Windings
XIA Yonghong, HUANG Shaogang

(School of Information Engineering, Nanchang University, Nanchang 330031, Jiangxi Province, China)

ABSTRACT: When the inherent tooth harmonic magnetic
field is utilized to achieve the adjustment of the air gap magnet
field for the permanent magnet machine, it needs to correctly
handle the relationship between utilization of tooth harmonic
magnetic field and armature winding voltage waveform
distortion. The principle of the rotor tooth harmonic winding
currents and the characteristics of the tooth harmonic
electromotive force (EMF) were analyzed qualitatively based
on the permeability analysis method. The method of the
forward-series tooth harmonic windings in the adjacent
magnetic pole can solve the magnetic coupling problem
between the armature windings and the tooth harmonic
windings, thus eliminate the tooth harmonic EMF of the
armature windings. Calculations and experiments were
performed for one hybrid excitation permanent magnet
synchronous generator utilizing tooth harmonic for excitation,
and the comparison of calculated and experimental results

verify the correctness of the theoretical analysis.
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Fig. 1 Schematic of the hybrid excitation permanent
magnet synchronous generator utilizing tooth harmonic for

excitation
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Fig.2 MMF created by the tooth harmonic winding

current (forward-series)

IO TS, v RWEEN A I AR
T 5 PR 5 2 7 K GE AL ARAC e, TE 77—+
WRGRAEHE N

Nl L (ke
l//thaﬂo Zz{ : j AO Vin

Vo= k=1 B k-

ncos(2v, &)da—

n+ﬁ—+( k-1)ex,

A F, v ncos(2v, O)dal}=

+(k Da,
N_7l (k-Day
3 Z{ of j S ’,10 F, _cos(2v,0)d6—
V=l k=1 N *
Bin

jé :11)):: AF, 1 cos(2v,0)d011=0  (7)
A kMBS o O RUE AR 1 oy LR
DK PEs a0 N TREEEHE M y AU S4LE
WA v IR VBN AT 1=0 B d B4
FAARR ZR ) A

7)1, U SR AL sh A AR A L7
R AE— MR SR 5 R R R BN

My, , =0 ®)

3.2 fABIRT [ Im) FREXRY A 1L K SRR

X AR RRREAR & S 1a) ER IR AR A SR AL, 4 AE
ISR PN — BRI I I, H 2RI 5)
A 3 prors, ATLRIR A

m@—izmmmm ©)

Va=1,3.5,

b F, o S UGBS R e, LRI AR

NN E, = 4,N, sin(v,6,)/ (v, 1) s v HETEL
O, v BB EAEIAE Ao L7/

T 308 2 P 5 e T AR SR A A B, IE T—AH



st NI A ) A] 913

6 HREESE: VRS R AR 2%
q /l\ A fin
A b
3 c% 8 © o o
_ﬁan 0 |l X, X, a

2

[hNh
) glJiqgh
“H,
T

3 AR SR B A YR N B (I [a) BB ER)
Fig.3 MMF created by the tooth harmonic winding
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the adjacent magnetic pole (forward series)
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Fig. 5 No-load line voltage waveform of the armature
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windings when tooth harmonic excitation system is open
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tooth harmonic excitation system is closed
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