533 % &5 218
2009 4= 11 H 10 H

o R &% A 3 &

Automation of Electric Power Systems

Vol.-33 No.21
Nov .10, 2009

ETMETWMEENENRAERS T
(=) Hik K

T, ERE
(A2 HLR ) R SR K R0 JLsl 100084)

TEE, RN RGN AR ZGRERIT TR 2 2R E RS TRNES R, A

i X — AR, R T Aokl AR AF KRB F T B,

MR KE Hp] 2F e H &

7 M Fo TP PTER A AR K BB E R A B AR S 7 E AT T WA, #— P 2R 2
FRELAT T, ERERR AT REGEKT @, HWE ST REAER, X AT
WG RAE A Y KT e E Sa s F 2R FREBE, PR BT EX
W BT AR EAE T %, LA PTIR 89 75 (B T BATHM Rk £177 PR,

KPR REE: R = AR dF R R s ) LR &

RESEES. TM744; TM732

0 55

AR RF SR (L 3 5 s 3 . AN SCHERT
2R R R b S 2 R TR AR S A T
SRS I EHE T TR R R A,

TELMEBFFE A AL SR /D 3 (WLS ) fiti i1 1
TR e A T HZ . AEASAFAEAS RO A (A
SR ZHAERT 3 AR HEZE R ) B %07
AT RO R B A e — S H T > Bk s 2
PERRIRE BHRZARM AW, BT it
[ 2 Fhoyids 56 1 MOE 2N WLS Al
DA TARAS A T T 2 B0 e U sl A 77 VAR R
BAEFATRIN 33 A0 2 92bR o R B I 5B
2 PP A R F PR AT ] BRI R A A A
7%, WdE K (non~quadratic ) £ NI it 28 (4
QL (quadraticlinear ) f1 QC ( quadratic-constant ) ffj
)

DUHEAR 25 £ H 7 T PR 25X — e
AL T2 R & BEVE RO — 2P RIS
55 LA OO Il T 7V . ASSON K B R
X F B SCEE A 2R B A B KN R IE R R
(maximum normal measurement rate; MNMR ) {f
HIE S MBIRES AT e AT T g b i it —
iz Fl 22 SRR i A G X e T VR A A T 4 R A T T
XFEE. R, R 2205 Y AR WLS A
T I RSO TR P 100 R, S SOt %ok e R AT T %6 B 23
.

ACAS B 27, 2009-03-14; {515 B 27, 2009-06-05
B R & &S £ TR (50507013)

1 BRREMITTE

RS BEERA T
7= h(x) Tv (1)

K.z EMME & h(x) R R &y VR
MRRZE m) & w3l m A ENE, W Bk sl
m e x HRE TR, WRGE W SN n LTS HE
TRAEFAE AR ARS8 B — T S E R A
ST x o Zn— 1 4E,

=3 ei—zi hi(x) (2)
K.z A5 DRI ENIE: hi(x) 5 A2
F TR

PRSI S & x R RE B bs
PR LARIR N .

nm:mn;mm (3)

KA. 0 (e ) X F WLS Al 1 &5 . DAL S5 /) 28 5% {H
(WLAV)flitgs fndE R NS 2% R A AR FTE
=
LHWLS fhit4%
WLS 1511485 0 (e BEA RN
O:(e) = wie; (4)
K w: B MEWAIAE,
2)WLAV flitgs
WLAV fit24% WLS fiit Z 55N R
SRS, AR 0 (e) ITER N
Oi(ei) = wi e | (9)
3)AE K HENAL 2%
R AENEGTH 2T 7328 QL Al QC Al 14



CFAWMR - LTS ETIESH E LR RGOS (S Bk

EAIBTR O (e)FEXI AT A3 i TR b IEEE ARUEFEE]. 141
e o l<a AR b <0 LA A
oty =4 w 60— 22] W5 (6 () BB AT LRI BL A RS
RPEERACT A R A B IR AL
W —a-ei—%i] o <— 8 Hor, WLAV [RESR R SCRR[8 ] 7715
W_Ze,_ o 1< s 3 EEHER
Ole) =\ oo (7 FISCEEE 2 R H AN SRR SR o B
& lel>38 BRAAR S I A 99 FL 5 LR H IR A
A, 0 W EE i A RIAEHSEL W, WE i A THAEN, BLFE WLS HEN  WLAV #ER] JE U
B A E 5 NS T A TR LUATF AR
WLS,WLAV, QL. QC {Eﬁ—%ﬁﬁ%ﬂg E/‘J pi(ei) Zlij 3.1 %*D 3.2 %lffxﬁ&ﬁz: E%{MWKE
By R BRI 3 A 1 AL FTR, ez 2 FRIEOL 73 25 FhOJT IR X IEEE 14,
o 30,39,57, 118 45 g RGTHEATXT LLHFIE, BATIRAS
2RI PR AT SR RUCR SRS, S, A

HTRIE I 2 PR IA MNMR 7RSSR & BT B R S1, 520 51, S,
VETE(E A A PRI S GER B TR 5o &0 S0 s, s SEPRHT AR B IR FE AR AY B
I 43 A IEEE 14, 30,39.57, 118 5 S &% HAGASNATICES 1R,

MNMR, WLS, WLAV. QL. QC 3t 5 fifi it 2547 ASCHE A MNMR 7k b= thdess. T g
TR IR, AT REIEHATHER JE R HERIME T 28 (QL 1

REHEATE R B . MNMR (58RI R 51 QC A5 1148) 1 bLE A A B3R 90 68 1 5 7%,
SCEESS 2 R e (6) URAL, Hoeh SRR B 3.3 45X 3 ROy ik Y A LU A RE 0 HEAT
2N A, EAET R A AL R A PR, g
XN, 3.1 EHETREMNELR
J = min C(zi — hi X
() 2480z~ (x) LA FELE S b 2% L A

st g(x) =0 ) s gt AR % 1 440 T IEEE 118 3
h(x) <0 S T SR Ho A TEEE AT E 510 EATIR 1 25
K. g(x) =0 IR RE: h(x)<<0 HLFRWELY) gy B £ B1.

w.

®1 AEARENRT IEEE 118 $HRFITEER
Table 1 Test results of IEEE 118-bus system with no bad data

itk BAURE Si Se S Sz S0 ol 5

MNMR 13 61.734 0 0.524 3 1.957 6 0.0911 1.000 0 0.999 1 0.950 7
WLS 12 61.885 9 0.524 7 1.602 9 0.091 2 1.000 0 0.998 1 0.934 5

WLAV 55 62.656 0 0.525 5 5.3997 0.161 1 0.997 2 0.972 5 0.811 2
QL 11 61.808 3 0.525 5 3.663 5 0.059 5 0.9250 0.883 3 0.762 8
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Table 2 Test results of IEEE 118-bus system with less bad data

R WRES BRI EL S1 S2 S Sz &, &, &
MNMR 13 61.872 0 0.524 3 1.802 4 0.029 5 0.993 4 0.986 7 0.933 6
WLS 14 63.903 7 0.544 0 22.820 0 0.753 1 0.751 4 0.656 5 0.374 8
WLAV 42 62.389 8 0.631 3 22.766 5 1.557 4 0.929 8 0.901 3 0.753 3
QL 606 61.760 1 0.533 3 13.692 9 0.363 6 0.778 9 0.707 8 0.513 3
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Table 3 Test results of IEEE 118-bus system with more bad data

fhitoree IEARIREK S1 S2 Si S G &0 &
MNMR 12 61.785 3 0.525 2 2.238 5 0.063 2 0.990 5 0.982 0 0.922 2
WLS 14 65.213 3 0.554 7 36.7315 0.859 5 0.663 2 0.530 4 0.2657
WLAV 49 62.256 8 0.617 5 41.860 5 3.476 6 0.870 0 0.831 1 0.610 1
QL 953 63.553 8 0.634 0 21.179 6 0.972 2 0.673 6 0.604 4 0.457 3
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Table 4 Test results of IEEE 118-bus system
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Table S Test results of good measurement rate
for real power system grid
I — W AR/ ()

WLS WLAV QL QC MNMR
1 1828 90. 54 92.72 92.67 92.40 95.30
2 1828 90.86  92.67 93.05 92.78  95.57
3 1828 90.10 92.89 92.45 93.16  95.19
4 1 828 90.75 92.45 93.00 92.67  95.30
) 1828 90.75 92.67 92.94 92.67 95.57
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Table 6 Estimation results of MNMR method

ARE

o Q1 P12 Q12 P13 Q13 P31 Q31

P32 Q32 P3 Q3 P Qs4 Ul Us

50 24.33 34.79 43.09 37.72 —18.76 —2.93 18.85 —10.76 130.77 41.56 —47.51 —41.20 —197.13 —72.00 111.47 111.69
—50 24.33 34.79 43.09 37.72 —18.76 —2.93 18.85 —10.76 130.77 41.56 —47.51 —41.20 —197.13 —72.00 111.47 111.69
100 24.33 34.79 43.09 37.72 —18.76 —2.93 18.85 —10.76 130.77 41.56 —47.51 —41.20 —197.13 —72.00 111.47 111.69

—100

24.33 34.79 43.09 37.72 —18.76 —2.93 18.85 —10.76 130.77 41.56 —47.51 —41.20 —197.13 —72.00 111.47 111.69
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Distance Protection Scheme for Series Compensated Lines Based on the Fault Point Identification

CHEN Fufeng, QIAN Guoming, WEI Yao
(Guodian Nanjing Automation Co- Ltd- . Nanjing 210003, China)

Abstract: The analysis shows that sensitivity of voltage-detected program for the existing line distance protection of series
compensation is insufficient- Based on uniform transmission line positive and negative traveling wave equation, the along line
voltage calculating formula is derived with the measuring current and voltage- The characteristics of calculating along line
voltage is analyzed separately for fault point before and after the compensated capacitors- The calculating along line voltage will
appear minimum amplitude points if the fault point is before compensation capacitor, and the minimum voltage amplitude is zero
in theory- If the fault point is after compensation capacitor, the calculating voltage even having minimum ;but its amplitude is
a bit higher- According to the characteristics, a method for identifying the point of fault is derived: integrating it with the
traditional distance protection, a new series compensated line distance protection program is proposed- The program can solve
distance protection overreach problem and improve the sensitivity of distance protection for series compensated line- When
series compensation capacitors installed on the end of line the sensitivity will not be impacted by series compensation capacitors -

EMTP simulation results show the effectiveness and reliability of the program-

Key words: distance protection; series compensation capacitors; line voltage; fault point identification; sensitivity
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Power System Static-state Estimation Based on Uncertainty of Measurement
Part Three Algorithms Compared

HE Guangyu> DONG Shufeng
(State Key Laboratory of Power Systems. Department of Electrical Engineering: Tsinghua University:
Beijing 100084, China)

Abstract: The weighted least squares (WLS) estimator is the currently most widely used method for power system state
estimation- However: the estimation results of WLS could be far from the true values of state variables when bad data are
present- To solve the problem. a non-quadratic objective estimator. the weighted least absolute value (WLAV) estimator. and
least mean squares (LMS) estimator are proposed- Numerical simulations. including residual pollution examples. are carried
out to compare existing estimators and the maximum normal rate estimator (MNR) described in the second paper of this series-
Test results show that the proposed method is as good as WLS and better than other methods when no bad data is contained in
the test system, and it is far superior to all other methods when test points contain bad data, showing that the proposed method
can deal with the residual pollution scenario fairly well-

This work is supported by National Natural Science Foundation of China (No. 50507013).

Key words: state estimation: weighted least squares; weighted least absolute value; non-quadratic objective; normal rate of

measuring points



