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Influence of field current pulsation on no-load voltage
waveform of armature windings

XIA Yong-hong, HUANG Shao-gang
(School of Information Engineering, Nanchang University, Nanchang 330031, China)

Abstract ; It needs to correctly handle the relationship between utilization of tooth harmonic magnetic field
and armature winding voltage waveform distortion for not affecting the operation performance of the hybrid
excitation permanent magnet synchronous generator utilizing tooth harmonic for excitation, which is key
problem utilizing tooth harmonic to achieve hybrid excitation. The reason of the field current pulsation
provided by the tooth harmonic excitation system and the characteristics of the harmonic electromotive
force(EMF) in the armature winding induced by the additional magnetic field were analyzed qualitatively
based on the electric machine theory. Employing the method of shunting capacitance in the tooth harmon-
ic excitation system can reduce the pulsation of the field current and weaken the harmonic EMF in the ar-
mature winding. Calculation and test are performed for one hybrid excitation permanent magnet synchro-
nous generator utilizing tooth harmonic for excitation, and the comparison of calculated and experimental
results verifies the correctness of the theoretical analysis.
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Fig. 1 The hybrid excitation permanent magnet synchronous

generator utilizing tooth harmonic for excitation

FALSAE BUEDIR N 3.0 kW, AUERE 220V,
WUE LA 8. 75 A BUEM R 50 Hz R XT4CH 3,
FHECH 3, 78 FREECH 45, 7 FREECH 60, & T HLAK
LUK Y Bz, ITHRSCBEECR 1, R E BRI 120

WL, 5% T Vil il Se 4 BRBX [T 50CH 186 [T, il 42 4 He
BRI 330 I, F HAE , E 4 HAR R 260 mm,
AN EAA R 178.2 mm, KBKE N 0.9 mm, Rl
KEEN 100 mm , & FA8 H 588 5.2 mm, %11 158
K 3.6 mm, R T 5 SC G I RE A B EE B 5T
il B 5 2L R 147 T U 0% 4 %) R R R IAE , TR AR ML) Bl
Uity BT HL R ER

KA RGBS T T 0 B 50
b 28 21 v 35 U b R A% B8 L BL AR T F 9 T 9k 3R
BT SR AR SR A R FE R 0. 52 Q, BLAK
LRI RN 146. 40 pH; G ZE2H FLFH K 3. 26 Q;
Jl G e 2H Ui R TR SRl 496. 85 wH ; 14 18 11k 48 4H v, FHL
2,36 Q5 TSI SE 4 v A T IR 1116 puH; %
H B EREN 0.7 V.,

P 2 2 1A B I D 0 2R G 4230 i) FL AR SR A 25 2Rk
MR B LS e . B 3 ~ & 5 43 2 i 1
iR 72 R 30 )5 Il i H Tl R L A DA B PR X 8
A RO RS0 . 21 R
W R G H Ja X SR 2H 25 AR R e b 3
BRI 3 X Y ) E A HAEL

400

= =z

> 300 S 300

£ 4

; 200 E 200

g mg % 103

B 100 5 -100

B 200 & 200

= 30 = 300

2 400 : ‘ : =) ‘ - - ‘
0 5 10 15 20 0 5 10 15 20

I [H] /ms I [H] /ms
(a) THLHIE (b) SEHEIE
B2 HEEMERGEENERGEATHEBERE
Fig. 2 No-load line voltage waveform of the armature
windings when tooth harmonic excitation

system is open
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Fig. 3 Field voltage waveform when tooth harmonic

excitation system is closed
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Fig. 4 Field current waveform when tooth harmonic

excitation system is closed
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Fig. 5 No-load line voltage waveform of the armature
windings when tooth harmonic excitation

system is closed
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Table 1 The percentage of the main harmonic to the
fundamental of the no-load line voltage
waveform of the armature winding when
tooth harmonic excitation system is from

open to closed
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HE/ % KfE/ % HH/ % $fH/ %
7 0.9 0.9 1.0 1.0
11 0.7 0.5 0.4 0.7
13 0.5 0.4 0.4 0.5
17 0.2 0.2 0.7 0.2
19 0.1 0.3 0.5 0.4
23 0.2 0.3 0.1 0.2
29 0.6 0.5 2.2 2.0
31 1.2 1.8 2.9 2.0
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Fig. 6 Calculated waveform of field voltage and field

TG R /A
JhBE L /A

current when tooth harmonic excitation system

shunt capacitance in the DC side
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Fig. 7 No-load line voltage waveform of the armature
windings when tooth harmonic excitation system

shunt capacitance in the DC side
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Table 2 The percentage of the main harmonic to the
fundamental of the no-load line voltage
waveform of the armature winding when
tooth harmonic excitation system shunt

capacitance in the DC side
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