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Fig.1 Equivalent schematic diagram of traction network

H 22 5 | ) S5 AR 0 A 2 RO R T A5 0 T 7



® R R %137 %
dU(x) /dx=Z(w)I(x) Yo (@)= 1 ) h’)’(ﬂ))Ll 8
(dl(x)/dx:—Y(w)U(x) (D (@)= oy anh =5 (8)
O B WA T L Zan(w)=Zc(w)sinh(y(w)L,) )
QU (x) /dx*=Z(0)Y (0)U(x) Yo(w) = L. hY(w)Lz (10)
(d2l(x)/dx2:Y(a))Z(w)](x) (2) Zo(w) 2

AT ZFAE Ux) | 2o=Us T(x) | ,2o= 1, FETLSY
TR,
cosh(y(w)x) Z¢(w)sinh(y(w)x)

U(x) . 0
[1(@}_ L}‘Z(C(g‘;w cosh(y(@)x) |11, }(3)

HrAr cosh(y(w)x) = (7" +e @) /2, sinh (y(w)x)=
(7@ —e 7@y /2. Zo () M il FE 2R B YRR AE B BT
Ze(@)=NZ(w) /Y (w) ;y(w) A4 0 % % &
Hy(w)=VZ(w)Y (o),

g 11 D 2% i o AU SE R0 # gl 2 ros . K
W Z, R R o R AR R B BT, Y .
L B AU A B T SR EL AN U Ty 53 5 R R
i B R FRLUE 5 Us I 23901 o it L TR HLAE

I,\ 7 IK

—> <~

o — o
Ul ﬁ]yn/z Yn/z[h J(UR

[eg O

B2 WBREHNr BIEHEE
Fig.2 T-type equivalent circuit of transmission line
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Fig.3 7-type equivalent circuit of traction network
when filter is installed at head side
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Fig.4 Ti-type equivalent circuit of traction network
when filter is installed at end side
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Fig.5 m-type equivalent circuit of traction network
when filter is installed in locomotive
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Table 1 Harmonic resonance and harmonic current
amplification factor when no filter is installed

Li/km  hy Z/kQ K, ||Li/km  hy Zy/kQ K,
0 20 2958 15.17 30 20 18.02 38.24
10 20 75 2440 | 40 20 21.57 41.96
20 20 12.94  32.29 50 20 2277 43.23
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Table 2 Harmonic resonance and harmonic current
amplification factor when filter is installed at head side

Li/km h Zp/ kQ) Ky Zy/ kQ) Ky
0 26 0.003 0.014 0.003 0.014
10 26 0.370 0.570 0.370 0.570
20 26 1.476 1.097 1.477 1.097
30 26 2.946 1.514 2.948 1.514
40 26 4.152 1.795 4.154 1.792
50 26 4.597 1.895 4.599 1.892
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Fig.6 Harmonic current amplification factor

when HPF is installed at head side
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Table 3 Harmonic resonance and harmonic current
amplification factor when filter is installed at end side

Li/km h Zy/ kQ Kz Zy/ kQ Ky
0 41 2.256 5.645 2.256 5.644
10 41 4.770 8.160 4.770 8.160
20 41 5.482 8.724 5.483 8.726
30 41 3.739 7.194 3.740 7.196
40 41 1.129 3.955 1.130 3.957
50 41 0.014 0.786 0.014 0.786
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Fig.7 Harmonic current amplification factor
when HPF is installed at end side
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Table 4 Harmonic resonance and harmonic current
amplification factor when filter is installed in locomotive

Li/km h Zp/ k) Ko Ziy/ kQ Ky
0 26 0.004 0.015 0.004 0.015
10 32 0.010 0.020 0.010 0.020
20 43 0.004 0.006 0.004 0.006
30 65 0.003 0.024 0.003 0.024
40 49 0.004 — 0.004 —
50 41 0.014 — 0.014 —
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Fig.8 Harmonic current amplification factor
when HPF is installed in locomotive
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Installation location of high-pass filter in high-speed railway
LIU Qian,GAO Shibin,LI Dandan

(School of Electrical Engineering,Southwest Jiaotong University, Chengdu 610031, China)
Abstract: The high-pass filter is commonly used in high-speed railway to suppress the resonance of traction
network and the amplification factor of traction engine harmonic current,but most researches are focused on
the improvement of high-pass filter itself,ignoring the influence of its installation location. A mathematical
expression of harmonic resistance and harmonic amplification with regard to the installation location of high-
pass filter is deduced,based on which,the relationship between the harmonic impedance,resonance frequency
or current amplification factor and the high-pass filter type or locomotive location is studied for different
installation locations. Results show that,the best harmonic suppression effect and the smallest harmonic
current amplification factor can be achieved when the high-pass filter is installed in the locomotive.
Key words: harmonic resonance; harmonic impedance; resonance frequency; current amplification factor;
high-pass filter; high-speed railway
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Small-signal modeling with power differential term for
droop control inverter and analysis
CHEN Xin,ZHANG Changhua, HUANG Qi
(School of Energy Science and Engineering, University of Electronic Science and Technology of China,
Chengdu 611731, China)

Abstract: Aiming at the easily-induced oscillation of conventional voltage-frequency droop control system,a
droop control with additional power differential term is proposed. A complete small-signal model of grid-
connected inverter is developed for the conventional droop control and an improved one with additional
power differential term for the proposed droop control. The impacts of droop coefficient and power
differential coefficient on the distribution of system characteristic roots are studied and it is concluded that,
with the additional power differential term,the damping ratio of low-frequency characteristic root is increased
and the disturbance-induced oscillation is effectively suppressed. The influences of different parameters on
the system stability are analyzed,which provides a theoretical basis for the system parameter design and
system performance analysis. The models are built with MATLAB/Simulink and the simulative system
response to disturbance is identical with that of theoretical analysis for different system parameters and
different control strategies in the same initial conditions,which verifies the correctness of modeling and
theoretical analysis.

Key words: microgrid; electric inverters; droop control; small-signal stability; power differential term



