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Fig.1 Circuit of three-phase converter




46) & H 6 B ik A %36 %
2 IR 2 Pros NI AT H S8 s 1 2% 7 ur o uro Ur
(1), U \ SRR
I“ | [H, H,|[U* - S S g e ot
[U“" HH21 szl I* } D filh 2% ik wh e
L. i 5 1N (1N [
% & Al I oL
— U* IO \\ // \\‘
SRARN -
B2 BrE oM VLS
Fig.2 Dual-port network of converter
I I G
WL H 2 0 1 48 05 R (1) T UL 4% mEC | IR
e300 28 O LR P 92 1 #4563 T U SRR TIRERE RN
H SHUEEFR  Horh 8 305 28 T i S5 v 0 H FRRRRERE
FE 22 18 (AR TS 4 6 3 | H, HE W 277 58 VM o 3 15
LU FL 2 1 AR TR A E R H VR B v
{00 5 30 3 0 S 2 16 M R 4 6 B | H, S
FR VO S M R A R 0 -
RSO 5 = A B TR A ()R R
SHI AR H S5 O Mg R (2), e H, i L s
bR 3x3 WK, ML 7 1A O A H, 3 0 | T
Fg 3x 1 R I REL AT A 3 MRS JH, TR R 1x3 B REEEREEE R
Mk B A T M 3 N HL, FFFIRIH A 1x 1 9*%"*71?
FERGE BVERZRA N R Hy 56 B . LIS a AL R 0 _

B, WM H,, H,, H,. 53322838 H M a AHH 538
W a b e ZAHEEZ B F A BTG R FER H,
TR ES ERMEB R Z B ARG R,

IZC Haa Hdb H‘d() § Had UZC

I ic H ba H bb H be § H bd U“llvc

1 ﬁl’ = H ca H cb H ce § H od U‘:,L (2)
U« H,H, H, H, ||I*

PHIL R g 2 16 4~ H S 8UE R | = A4
T A8 58 B WA 0t A AR LR A 5 2R 0T DL i b
T TS T R H SO MR AT
1.2 Z2EHRETEMNFTFXEL

Sy 15 R S8 LI TN ) 3 U A8 LR ) AR SO 4
i T AR 1 A S RSB E o — AT 5 s AL
HEATHIE AR | 26 7R12 X 8] P 28 30 0 0 P TS L 90 114
B FR, W 3 R KT TAERES h IF 56
PRE H AT R B R AR I O O eR A0S i
ZA4 H TSGR BURITOTGE . H EAR « KR I T
YEX N &« 5 FF e85 1 4b F iR il an B2 3=
ARG AS Y 15 2 5 2 AN TF g R IRl s b T
SRS H FoRLA AT 45 5 5 R 65 3 4
S A TR R Ak S A RS B2 X [R] Sy o AH 2o AR

H456 H561 H6]2

1.3

HS() H(\l H|2 H23 HW

H123 H234 H345 H456

H*

B 3 FFX R EREE

Fig.3 Schematic diagram of switching functions
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Table 1 Amplitude of harmonics at both sides of
converter without background harmonics
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Fig.6 Harmonic spectrum of AC-side current
with background harmonics
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Fully-coupled harmonic model of converter based on H parameters
ZHONG Binbin,LI Yan,ZHANG Yongfang, CHEN Wei

(School of Electrical and Electronic Engineering, Huazhong University of Science and Technology,
Wuhan 430074, China)

Abstract: As the converter is an electric component connecting to both AC and DC networks,the
interactions among the voltages and currents of two sides are the key factors for the study of its harmonic
model. A fully-coupled harmonic model of converter is proposed,which,based on the H parameter matrix of
dual-port network,quantificationally describes the coupling relationships between AC-side current and voltage,
AC-side current and DC-side current,DC-side voltage and AC-side voltage,DC-side voltage and current. The
operating statuses of switching device are expressed respectively by the corresponding switching functions and
the mathematical relationships between voltage and current for different conversion stages are established in
the condition of symmetric firing angles,which are then solved by Fourier transform to deduce its H
parameter matrix. The model is generally applicable to the AC/DC system with complex background
harmonics. When the firing angle increases to a certain degree,it can be simplified by ignoring the influence
of commutation overlap angle,suitable for the controllable converter with bigger firing angle or smaller system
impedance. The accuracy of the proposed model is verified by the results of Simulink time-domain simulation.
Key words: electric converters; harmonic model; H parameters; switching function; fully-coupled; Fourier

transforms; harmonic analysis
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