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Fig.1 Methods of negative-sequence voltage extraction
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Fig.2 Results of negative-sequence
voltage extraction
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Fig.3 Calculative results of transient negative-sequence
voltage when normal voltage is exerted on
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Fig.4 Negative-sequence voltage blocking scheme
of bus protection
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Fig.7 Negative-sequence voltages calculated
based on experimental data
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Table 1 Response speeds of negative-sequence
voltage element

wokm wpes g JIELEGSIE
AG/BG/CG 8.5
X P K AB/BC/CA 7.7
B Y B e ‘ ABG/BCG/CAG 8.0
ABC 79
AG—>ABG 125.7
Zﬁggﬁﬁ Ki— K, BG—AC 124.9
BC—ABC 126.1
X By AG—ABG 8.3
PR @ BG—>BCG 8.2
CG—ABCG 79

HRRETE 8 ms ZEAT TP, 265 1 IRIX I A1 ok e e
7 i P 24 % o s EL 2 2o 9 R LA I 67 HL R G
PEARTVTR  (ELEE DAy DX DA e s i 28 S S ] A, 7™
A AZ I I A D PR R L AR S 1 RS AR
K1 (b) B it S AR BN 1 (a) B 5 0R
i B SEsRk = AH AL A P8 P | X I = 45 £ A i
TR 95 20 ms, FORTEFE BN R
R LTS T 4 IS ) R {EL B AN 23 5 T R 47 Y O
Hizhtt

5 #it

BRL QR4 R HY S R TT 45 22 S e AR AR RS &
AR e nTEE M 0 P 41 BBy RS P R o At 1 2
8] A9 7 i, i 29 7 2 IR ILP PR RE A B i . DA Ie AR
WFFE T 870 R i B P A 8 A D7 52 9 X ik If
X PR B BB R T SR R (LA 7 3 BEAT T Bl
W/ TR TR SR AR AR R B R R AT AT R S
iR 22

A SCER BT B S T P 0T RAEREE S 35 1
JEISBT A >R P A0 W s 0F k2 R S AR 1) 7
WA B STk SRR 22 Shon AT &, A
LIRS SO A s R N DN E N O d A SRR
JESR | 2R FH 2 7 2 Jo) A B 500 A PP 23 B 0 i Y 172
e B A B S 07 AR 22 s & . Tl
BT 5 AN RTDS 56 56 56 E |, %8 A J7 52 AT K i ik
AN L TR T B A B A G R R 2 A AR v U
Jie TTAT B O T | [ s T L3 o e R 5 fL T
JE (ELR 32 i R TT AR i R U

SEH .

(1] v A B ] ] 52 ik M A 0 A6 28 8 Dy o [ ] 5K o £k
BB D2y ARHLOR PRI A 1 3R B EOR MURE . GB/T 14285—
2006[S]. bt o EHL g AL 2006.

(2] EZHRMA R, A8 | e eI 1 i 4T 45 A6k 2 £ 4 B Al I 2
FrRfEAL BTG . Q/GDW  1175—2013[S]. dtat . E I i
#1,2013.

[3] B, EXOG, BIHLMG 55, PCS-915 BEL AP A E ()], B RS
H3h1k ,2012,36(16) : 118-123.

LU Hang,WANG Fengguang, BAO Kaipeng,et al. PCS-915
series busbar protection devices[J]. Automation of Electric Power
Systems,2012,36(16) :118-123.

ZEAR A, RR L AR i H e P T A A 1 0] A R A DR T () ).
ML A4 A F k2004 ,28(1):97-98.

LI Benyu. Problems and solutions of voltage blocking elements

[4

[

in busbar protection[J]. Automation of Electric Power Systems,
2004,28(1):97-98.
[5] Wk, 20, ok TOE 58, 8 & o5 O3 95 3 5 IR 43 A7 5 i itk
[J]. MR 2014,38(1):248-254.
YAO Chuang,LI Yongli,ZHANG Weizheng,et al. Analysis and
improvement on mal-operation of transformer backup protection
[J]. Power System Technology,2014,38(1):248-254.
(6] ARVL, BRI, ZEME, <X G — i T 10 XWURE 2y 2C T % 2 2k R
PRAPEAT ()], AR ARAL TR 2012,31(6):71-74.
ZHU Jiang, DONG Yufan,LI Ye. Operation analysis of double-
bus circuit breaker malfunction protection designed based on
“Six Reunification” [J]. Jiangsu Electrical Engineering,2012,31
(6):71-74.
(7] FUF, B4 0 SRAUE 45, e i i 00 T I 2% O S AR 3 P BT
JRIR[)]. W1 RS H 1k ,2014,38(23) :114-118.
YU You,QIU Jinhui,WU Yingchao,et al. A novel blocking
method of circuit breaker failure protection based on current
[J]. Automation of Electric Power Systems,2014,38 (23):114-
118.
VFIE . i v 2 OB B BE g 4 (M ). b st KR K H s it
#£,2002:348-351.
AR AR DA, BT T I DA R R B S 2 e R AR A
RETH[)]. ARG ASE,2012,36(22):115-119.
GAO  Chunru,HAN Xuejun,SHEN Jian. Breakage flashover
protection and failure protection setting calculation for circuit
breaker[J]. Automation of Electric Power Systems,2012,36(22):
115-119.
(107 BEAEZE ) BT, 25 7. B vl 2 i 20 A fla 28 0 s 5 28 22 Sl R4 /Y
SZW[)]. 4k ER ,2005,33(1) :68-72.
LU Zhengjun,LU Hang,LI Li. Effects of distributed capacitance

—
oo
[l

—
N=)
[}

on fast busbar differential protection in transmission line[]].
Relay,2005,33(1) :68-72.

[11] BARAR e i SCH] A BEZR 22 2l (R 47 DX AT e DX P i e 5

SVEFIE ()], RS H 1K ,2014,38(18) :120-124.
HUANG Jidong,NI  Chuankun,GUO Wenli,et al. Re-tripping
discrimination of bus differential protection when external fault
transforms to internal fault[J]. Automation of Electric Power
Systems,2014,38(18) :120-124.

(127 [ R B2 B0 BE . TE 5 LS A I 9 77 7 £ 20091002-
4853.8[P]. 2009-02-27.

[13] GERARDUS C P. Symmetrical components in the time domain
and their application to power network calculations[]J]. IEEE
Transactions on Power Systems,2000,15(2):522-528.

[14] JOHN S H. Instantaneous phasor method for obtaining instanta-
neous balanced fundamental components for power quality
control and continuous diagnostics [J]. IEEE Transactions on
Power Delivery,1998,13(4) :1494-1500.

[15] i FEWFAS  SCEFE. ohott k0 AR o o vk R OJLAE IE 77
SR P R R (7], b AL TR 2R 4R, 2008 ,28(1) : 52-58.



%78 X 25

P25 38 TR R A7 10 0 e B R P Ay % (129)

YUAN Xufeng, CHENG Shijie, WEN Jinyu. An improved method
of instantaneous symmetrical components and its detection for
positive and negative sequence current|[]J]. Proceedings of the
CSEE,2008,28(1):52-58.

[16] IRAVANI M R,KARIMI-GHARTEMANI M. Online estimation
of steady state and instantaneous symmetrical components [J].
IEE Proceedings:Generation, Transmission and Distribution,2003,

150(5):616-622.

fEEE .
M EF(1977—), B L A% A B HIE, HA IR,

Wt @S AT @AL S Zh%d
#+4 (E-mail : cse_liuyq@ujn.edu.cn) ;

BT (1977 —), %, T s R EA &
FAR A FFR 7 6 A BOALR L N KA
REG N ZGETH R,

ERA1967—), % i1 T a A 8
BWE BT AR N REAHN FEE

) 3%
U

FRAF(1979—), B b A BRA, TR HFRH @A
W RGUE AR R B B

Negative-sequence voltage extraction and blocking scheme for bus protection
LIU Yiqing',GAO Weicong’, WANG Chengyou',GUO Dawei’
(1. School of Electrical Engineering, University of Jinan,Ji’nan 250022, China;
2. School of Information Engineering,Shandong Vocational College of Foreign Affairs Translation,
Ji’nan 250100, China;3. State Grid Rizhao Power Supply Company, Rizhao 276826, China)

Abstract: In order to coordinate the accuracy and rapidity of negative-sequence voltage extraction from the
composite voltage blocking element,a method of negative-sequence voltage extraction based on the instantaneous
symmetrical component method and the half-cycle integral method is proposed,which extracts the instantaneous
negative-sequence voltage at the fault startup instant to eliminate the extraction error due to the sudden change
of bus voltage. A composite voltage blocking scheme of bus protection based on the proposed method is
designed and cooperated with the bus differential protection,which applies the improved instantaneous
symmetrical component method and the half-cycle integral method to extract the negative-sequence voltage and
cooperates with the sample differential element during the first cycle after the fault startup,and afterwards,
applies the whole-cycle algorithm and the sequence component decomposition to extract the negative-sequence
voltage and cooperates with the phasor differential element. Digital simulation and RTDS experiment verify
that,the calculation error of transient negative-sequence voltage is significantly reduced,the response speed of
negative-sequence voltage element for in-zone faults is effectively increased,and the sensitivity of composite
voltage element is improved.

Key words: relay protection; bus protection; negative-sequence voltage; instantaneous symmetrical components;
voltage blocking
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Disturbance source locating for compelled resonance

low-frequency oscillation of power plant
DONG Qing, WANG Ying
(School of Electrical & Electronic Engineering, North China Electric Power University ,Baoding 071003, China)

Abstract: Since the compelled resonance low frequency oscillation seriously endangers the safe and stable
operation of power grid,the disturbance source should be quickly found and removed for the oscillation
elimination and system stability restoration. A method of disturbance source locating based on the attenuation
characteristics of low-frequency disturbance voltage is proposed,which adopts the cubic Hermite interpolation
function to extract the low-frequency disturbance variables for each measuring point,compares the magnitude
of disturbance voltage among measuring points to locate the source unit of low-frequency oscillation. The
correctness of the proposed method is verified by theoretical analysis,the simulative analysis for a 6-machine
infinite system and the PMU measuring data analysis for a real power plant.

Key words: power plant;

compelled resonance low-frequency oscillation; disturbance source locating;

voltage decay; stability



