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Fig.1 Structure diagram of linear

phase-shifting transformer
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Fig.2 One-dimensional field model of
air gap magnetic field
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Fig.3 Inverter system circuit

A IGBT il th BRI . A ARy R T
VEFESLA RN AT, HAREAR ], W] — M L O |
A TR 2E AR g B — AR AR U S 1200, T 45
2 37 L BT I P A AR R Y S 1500

iy M E R I TR B o e PR AN B SR A P R A3 BT
TN o FH YA L B HE R RO SRR . 44
S ER I IR 150, B nA Bk 24 B BRI , E
BT T IESZ 0. B TAS RS A B 2 B Y, AT B
WAER I LA 2 T AR St R I AN, AR S5
47 B AR G AR R
22 ZEEMERSHHINHA

1 1 B B AR U R A IR B A
YEHE T R R, B 2 8 PR B IR R G L R K o X
T—ANKSE N 6 RAE N E FIAEREIE I, R = - K 4
FioR o HAH kg B0 I T CHEE T34 T 3¢
PWIEA BT S DL, Aabr il i s HFE 0/ 2 4 ) -

= 4F 1 0
e=;?gsinnacosnwt n=1,3,:-
)
L | = L s

El4 HEIERK

Fig.4 Quasi rectangular wave
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Fig.5 Equivalent magnetic circuit
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Fig.7 Voltage waveform under rated load condition
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Multi-module inverter system based on linear phase-shifting transformer

ZHAO Jinghong,MA Yuanzheng,SUN Pan
(School of Electrical Engineering,Naval University of Engineering, Wuhan 430033, China)
Abstract: To overcome the shortcomings of traditional phase-shifting transformer winding design, such as
complex design of winding,inaccurate turn’s ratio and difficult to expand,a linear phase-shifting transformer
is applied to multi-module inverter system. The air gap magnetic field of linear phase-shifting transformer
is analyzed. The basic principle of multi-module inverter system based on the linear phase-shifting trans-
former is introduced. At the same time,the winding structure is designed to weaken three-phase asymmetry
and the efficiency of inverter system is improved by adjusting the air gap. Finally, the simulation and
experimental verification are carried out. The results show that the designed inverter system provides three-
phase AC sine voltage with high power quality,and the efficiency of the inverter system is relatively high.
Hence, the feasibility of utilizing the linear phase-shifting transformer for multi-module inverter system is
verified.

Key words:linear phase-shifting transformer;multi-module inverter;winding design;efficiency
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Fig.A2 Two-dimensional field model of

air gap magnetic field
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Fig.A3 Composite voltage waveform
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Fig.A4 Distribution diagram of half-filled slot winding
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Fig.A5 Main magnetic resistance of magnetic circuit
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Fig.A6 Distribution diagram with long pitch winding

ATEERMERE
Fig.A7 Simulation model of transformer
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Fig.A8 Simulation magnetic of transformer



Fundamental (50Hz) = 262 , THD= 9 26%
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Fig.A9 FFT analysis of voltage under no-load

Fundamental (50Hz) = 220.4 , THD=1.60%
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Fig.A10 FFT analysis of voltage under rated load

- ot
B ALl BT RS

Fig.A1l Inverter system

Fundamental (50Hz) = 261.3, THD= 9.38%
T T

AL2 EHFEE FFT 247
Fig.A12 FFT analysis of voltage under no-load

Fundamental (§0Hz) = 222, THD=2.31%
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Fig.A13 FFT analysis of voltage under rated load

Fundamental (50Hz) = 2523 . THD=1.98%
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Fig.Al14 FFT analysis of voltage under no-load

with filter
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Fig.A15 Rated load voltage waveform with filter

Fundamental (§0Hz) = 220.9 , THD= 1.41%
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Fig.A16 FFT analysis of voltage under rated load with

filter
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Fig.Al17 Rectified load voltage waveform

Fundamental (50Hz) = 265.5 , THD= 14.38%
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Fig.A18 Rectified load voltage FFT analysis

Fundamental (50Hz) = 252.4 , THD= 2 8%
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Fig.Al19 Rectified load voltage FFT analysis with

80 puF filter
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Table B1 Current harmonics and efficiency of inverter

system with different air gaps

AR A B #H C RE
mm /% /% W% BRI%
0 4.36 2.51 3.74 91.9
0.1 4.07 2.36 3.52 92.2
0.2 3.89 2.26 3.36 93.5
0.225 3.85 2.24 3.34 94.8
0.250 3.83 2.21 3.27 95.8
0.275 3.77 2.19 3.25 94.9
0.3 3.71 2.18 3.23 94.5
0.4 3.64 2.12 3.15 89.3
0.5 3.56 2.08 3.07 88.7
0.8 3.40 2.00 2.91 89.0
1.0 3.33 2.00 2.90 89.0

& B2 A5y Amh ot

Table B2 Data in different alignment modes

WX W B

HR g W /e R /%
8 X 5 N 7N 3.01 95.8
HA4% 141486 T el 2.76 89.7
B4 12 1486 UN X 2.44 83.4
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