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Fig.1 Diagram of mixed-voltage four-circuit lines on

same tower when cross-voltage ungrounded-fault occurs
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Fig.2 Sequence network diagram of System | when
cross-voltage ungrounded-fault occurs on different phases
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Fig.3 Sequence network diagram of System Il when

cross-voltage ungrounded-fault occurs on phase a
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Fig.4 Phasor diagrams of fault phase of System I when
I BC-1la fault occurs
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Fig.5 Comparison between waveforms before and

after change of phase angle
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change of amplitude
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Fig.7 Phase current waveforms of System I when
I A-Tla fault occurs
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Influence of bifurcation theory based load model on voltage stability of
AC / DC hybrid system
LI Wenqiao, WANG Zhenshu, LI Zhongqiang
(College of Electrical Engineering,Shandong University,Jinan 250061, China)

Abstract: In order to research the influence of regional load model on voltage stability of AC /DC hybrid
power system,a mathematical model considering the dynamic characteristics of each component in the sys-
tem is established by taking a 3-generator 9-bus AC / DC hybrid power system as an example. The system
equilibrium solution manifold is tracked by combining bifurcation theory with continuation method of local
parameterization,and the saddle node bifurcation and Hopf bifurcation which affect system stability are sear-
ched and detected. On this basis,the influence of different load growth modes on voltage stability is resear-
ched, and the differences of load models adopted by the dispatching departments and planning departments
in each regional power grid of State Grid Corporation of China are emphatically analyzed and compared.
The research shows that the system static and dynamic load margins are the smallest when the load is in-
creased by the year-on-year growth of the whole grid load,which is most unfavorable to the system stability.
With the increasing proportion of induction motor in the load model,the bifurcation boundary curve moves
forward, the occurrence time of each kind of bifurcation point is shortened,the system voltage stability margin
is reduced,and the voltage stability will be more threatened.

Key words:bifurcation theory;voltage stability; AC / DC hybrid system;load model;equilibrium solution mani-
fold
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Novel scheme of fault phase selection for mixed-voltage four-circuit lines on
same tower based on waveform correlation
ZHENG Tao',YU Su',WU ]ianyunz,LUO Meiling2
(1. State Key Laboratory of Alternate Electrical Power System with Renewable Energy Sources,
North China Electric Power University,Beijing 102206, China;
2. State Grid Ningxia Electric Power Company, Yinchuan 750001, China)

Abstract: In order to solve the problem of complicated fault situation of mixed-voltage four-circuit lines on
same tower and the problem that single-line fault phase selection method cannot be applied during cross-
voltage fault,a new phase selection scheme based on waveform correlation is proposed. According to the
change of the phase angle and amplitude of the fault phase current,the waveform autocorrelation coefficient
and the improved autocorrelation coefficient are respectively proposed. To prevent the occurrence of mis-
selection of phase in the strong magnetic coupling scene,the current sequence components of various faults
are summarized, then the current sequence component-assisted phase selection is proposed to re-determine
the possible mis-selection phase. Based on PSCAD / EMTDC,a large number of simulations are carried out
for various faults of lines on same tower with mixed-voltage,and the simulative results verify the feasibility
of the proposed fault phase selection scheme.
Key words: mixed-voltage four-circuit lines on same tower;relay protection;fault phase selection; waveform

autocorrelation coefficient;improved autocorrelation coefficient;sequence components
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TableAl Fault phase selection result of fault line of System I when fault occurs in different positions

Fig.A3 Assisted phase selection flow chart of sequence component method
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R AL R RIS AL B RS 1 BUGEE 2R iR A 25 R

M IR A AR AR MXFEY  FoR L
HA! BI1% ra s re Fa r's r'e HEARL HEARL IEARL
10 -0.7781 0.9986 0.9787 -0.0209 41.7146 13.1974 A FR — IR AR
1A-g 50 -0.9769 0.9985 0.9983 -0.1821 47.2792 27.0823 A FH — IETfIEAH
90 -0.6542 0.9794 0.9713 -0.0210 61.6817 64.1501 A FR — IR AR
10 0.9924 -0.6890 -0.8235 35.5461 -1.4465 -0.2907 BC fH — IETfIEAH
IBC-g 50 0.9993 -0.9005 -0.9748 12.2755 -0.1256 -0.1169 BC fH — IETIEAH
90 0.9903 -0.5660 -0.7814 435583 -1.1883 -0.7977 BC AR — IEffREA
10 -0.7901 -0.7704 -0.7786 -0.1276 0.0000 -0.2252 ABC il ABC #ifi IETIEAH
IABC-g 50 -0.9927 -0.9951 -0.9925 -0.0941 -0.1583 -0.0931 ABC iz ABC % IEHfEAR
90 -0.7133 -0.7017 -0.7231 -0.4859 0.0000 -0.6220 ABC il ABC il IR
10 -0.2474 0.8565 0.5565 -0.0065 2.9375 4.1878 ABC b A R IEHfEAR
IA-lla 50 -0.9974 0.8921 0.1513 -0.2489 3.8634 1.9678 ABC il A AR IR AR
90 -0.2474 0.7325 0.2623 -0.0065 3.9375 2.3878 ABC g A FR MR IEHEAR
10 0.9872 0.7579 -0.8430 49.0258 0.6467 -0.5929 BC AHilf b — IR
IBC-lla 50 0.9958 -0.7926 -0.9045 54.4198 -0.1002 -0.1228 BC AHilf b — IR
90 0.9318 0.7700 -0.8102 58.0291 0.6571 -0.6452 BC k= — IEHfEAR
10 -0.4848 -0.6352 -0.8596 -0.0127 -0.4556 -0.2108 ABC il ABC il IR
IABC-lla 50 -0.9950 -0.9885 -0.9956 -0.0895 -0.1513 -0.0789 ABC ik ABC M IEHfEAR
90 -0.4315 -0.3917 -0.8288 -0.0135 -0.2810 -0.0985 ABC il ABC il IR
10 -0.6294 0.9125 0.9652 -0.0265 35.5262 15.2656 A R — IEHfEAR
IA-lla-g 50 -0.2546 0.9916 0.9912 -0.0762 45.2500 22.6391 A FHiH R — IERfIEAR
90 -0.1996 0.9981 0.9797 -0.911 '5.1696° 2.5370 A R — AR
10 0.9486 0.2659 -0.6798 35.4284 0.1806 -0.0482 BC Hiff — EHi%EAR
IBC-lla-g 50 0.9982 -0.2758 -0.8251 30.3583 -0.0419 -0.0630 BC Hiff — EHi%EAR
90 0.9985 -0.2348 -0.8071 34.8279 -0.0585 -0.1022 BC AR — IE M
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TableA2 Amplitude of each phase current and negative sequence current of
System I fault line when cross-voltage fault occurs
HH R 5 SR LA L

e R LR B B LA EL
A BM  CH

1A-11a 4.299 1.023 1.029 1.096
IBC-lla 1.008 14970 18578 6.292
IABC-lla 18551 18455 18.735 0
1A-lla-g 4.341 1.022 1.015 1.462

IBC-lla-g  1.013 14774 19.128 6.296
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