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Fig.1 Wiring mode of three straight leads method
for grounding resistance measuring

1l I 2R B 0 A FRRT B AH 23 B4R
SR e N R Y P s | R T B
FIHL H R 51 R B BE S E o S H U 0 S 000 P T 1Y
WK f3R X G300 R S OB f T R L B R, 1Y
BELE 73 FER A 4 5 10 R,= R +j X (SEBR 11 %
HBBHAT , 5 BE B F3 Y — Bt 1R T He L B —A]




® ® 0 8 & iR B

£35%

T ) 3R, X, 500 R SRR R N A AH B AH
PR BB AN B AT IE Z,=R,+j X oo
V0 0 0 A5 ) R N 2 (1) R
U=IR,+17,L,=U,+U, (1)
Hh U=IR;U,=1Z,L,;U I 53 5 N [6] 26 R 45 3]
P14 P 500 A L I 5 8 5 0 D b 3 Y A P R
VI TR R
H1 =X (1) %, H e 2200 A5 09 F Hs ply 79 5 43 2H A
SF— T 43 Sy 5 0 AL AE S 4 b R B Y R R
S5 R A3 A R AN | 1 SR AT R O A R R R ] 2k
AN L B R 512 B TR L ek
()R,
U,=17,L,=I(R,+jX,)L, (2)
P2 (2) TN BRI 51 X R A 51 R 1 4
HL R o BCRLE R, L, FUE LT j X, L, 772
I A 760l DX F T 42 bt b BELRSF 3 A5 1 [l
AR 28 A Ay 0 [ g AP e R B S B
FLBEL 09 o LA, G SR AN 25 P A A 5 e R L A
1 £ 18] (4 B LB, A R X 22 2 r BEL A 00 5 ok R
W2,
12 NEEEAERFEFESEMRFENFITE
T
PR 5 1 6 PR TR 5 | T A D0 i [ J8 ] P A7 7
TR A L HAZZ I TE R G 0 hE s d R 458
B (A 0 i SR 23 2 B4 v vk A R G 0 T AT AR
ISR ) AT AR s 2 5 DN [ g8 [ ) S T P R RS
B AR AL 2 X DU 5 2 L 7 A B
VAAEAE S AT B 28 LR B S i 7, o S5 AR
R AR R BB A S LY A BT, Z,, S AR £
LR | R R 4R s 2R I AH S 4R A1 Y ELRE
P, Z,o SR f T S 28 2 PR AT B8 W AH 5 2R 0] 1Y
HBRBT, WA
LZL+LZoL+1Z,L+17,,L.=0
L ZoL+ L7 L+ 7L +17,,L.=0 (3)
LZoL+ L7, L+ 17 L+17,,L.=0
Hop I L L 53900 A (B COAHERZS 2k v SN, 19 57
WL s L SRS R B
)i [m] % ) A7 AE oM e R G AT A
SR A PR 1 o R ) SO A5 L 2 (4) B
U=IR+17,L+1, 7L+ L7y L+ 1,7, L,  (4)
= (3) . (4) A H,
U=IR,+IL,Z,+kIL:Z,=U,+U, (5)
Us=IR,, U,=IL,Z,+kIL.Z.,

— Li T 3Z%nl
k_Lu ’ Zm_ (Zs+2Zm2)L

P (5 ) AT 00 A 32 i e BEL A 0 [ % ]
FAAEPAT A LR BRI 00 T, I 1 ) 0 7

(9 P 1S PR =300 2L 265 — 38 73 g S5 WL U A S AR 4
P BEL - 9 HL S I 5 B R0 O AL TR AR ] P R S
WAL A LR | R L A TN FRL S 5 2 R AR
23 24 % TP A S 0T P DA PR R AR 1 R B RN L )
S RO AR = S R N T R R R R AT
P,

A3 (1) (5) ATAT 76 0 [m] g% ) BTGP 47 2 s
L MA AT IR 2 R iE oL T 18 1 Pk
e TS R R TS —pE

2 ZXREHRFNEE

TR v D b O 2 b F BELES | 51 2 B S JLE K
Z LT K, 3 R 2 i Bl B AL a] DU 1T B 40k
SR, S A I b e BELESE | BT n S A E R
A8 /N 2R B B HL 2R KN AT A Z AN
2.1 MEEKEELTRTLE

I ] % FE] BB G 48 2 4R it nlaE g 2 R A
S I A5 ) ) O B SR AU R ) ) S
4 L RH

S5 1 U] 28 S 000 e e AR O 4 I AR ik I A
(M ALTE FLBE 8 1l I S5 | F VA A7 S5 R 1 B A
B AR AL E S e R IR Ly, A
000 - e R T ) 2 0 A P A AR R A
W, 255 A SR RUCR T R AR U,
A I, BAFTEANR G R .

U,=1R+1,7,L, (6)

55 2 WK IR 2P S e BEE r SCA an il 1 BT
N B HL AR A SR B R 7 AR
AT BB A R AN B I R SR K
Lo, D J7 B RN 5E 1 Ul & B 7 5 32 A ABL 00) S5 0t
W B RA R U, B L ORI (7)
Fis .,

U,=LR,+LL,L,Z, (7)

A1 (6) | (7) BV AT A 45 S 900 4 AL B R, 405X

(&)U,

s w
Zm 12 IZL1L2 U2
22 MENREAEFERERZEBREH FITE

T

00k [0 S ] LA 7 P P e el 2R 4 0 AT R s
2R IE R A 3 WS A ) AR I AT B A B A
T ) S AUITT AR T el o £ S AT e i L

3 IEE SN A T %5 2.0 R ARRL, 2 3
UM ARSI ZE AR 0 BN Ly Lo L, B
Tt SIZAR BE G R by Ly ko L ks Lo, W00 3 000 4
B0 A HL AR B R AR B OC R s (9) B



%48

et

W 20K A AR T T R o L ®

Ul:Ile+IlLulZm+klllLier’n
U2:IzRg+IzLu2Zm+k212L32an 9)
U;=LR+LL;Z,+ k1,157,
B U0, U AL LT 23500 3 R b AL TR
I D R A 0 ) 25 D0 A5 1 P P 2808k AR R, 3
i 22 A5 5 b B S A5 2 10 SRR 1Y HL A A
TAREE . H X (9) Al A SR L BE R, 4050 (10)
Fis

R |1 nL, knry v
Zm = Iz IZLuZ kzlleztz Uz (10}
z, I, LLs; kL U,

FER R (8) (2R (10) B, A T 4 IE 2 B0 14
TR AT DLAE AR A | R T K R T
P e 28 S L R ) S LR

SRAR 2 ol S5 4500 4 (SR B AE 40~ 60 Hz 78
FEL P 070 T B4 2 b Fi LS AT AR A 1 15 S
1)y PX ) T A0 2 M LR

3 FERIE

£ PSCAD g s (5 LB RY X 42 1 i 2 0k Jm) 25
SR i F B D YR AT IR E O LA
by FELRELAE A 1D 1 o e BEL A A TR X R 04
HLBH R R . f=45 Hz B ,R,=0.29+j0.1350Q;
f=55Hz B} ,R,=0.31+j0.1650 ., M 2 /> 545 2 1 iy
REL 114 SF- 24 6 Ay T 00 2 b ey BEL | BD T 09 42 b e L 162
fH°M 0.3+j0.15 Q.

KM ) TR T PR 20 A Y1 B0 08200
I [ S ] B G 4 2 2 s st R FH A SC T 945 31
(7 B e H B g R an e 1 o 5 0 i [l % & 61
FAEREE N 10 km BTPAT RS 2% HOPAT RS 4
% 5 0 £ 1] {7 K OP-TRTRE R 10 me B R AR SCRT 4
D7 AR B 0O BRI K HO TR A a3k 2 fiw

MFR 1.2 AT LA | AE R T T4 F i

AL 4~5 REE BT R A SO e B A 5
1) A1 b P B 55 68 07 A0 1) A L 1 SIS R
2R 22 TE 19 VAN, 53X 156 A SCAF R 2 1k
[i) A5 S A0 000 gy e A N [ J ] PR G 4 4 4k B R
AR PR S e R G 00 AT 20 2 2R I X 2 A fs i
THB R IER Y

AR S AT 4R 28 2 B 5 0 ] %7K ST TR B At
P E S 2 2 PHFEM RO Ak 515 5%
J7 ik ORI o 3000 25 5B BTy Jy 0597 R TR
FITTHRZE SRa3R 3 iR,

R 3 FITRTLEENEREMNKTEERER,
AXFEMERTENHETELER
Table 3 Results of simulative calculation by proposed
and traditional methods for different horizontal
distances between overhead line and measuring circuit
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Table 1 Results of simulative calculation without overhead lines around measuring circuit
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Table 2 Results of simulative calculation with overhead lines around measuring circuit
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Fig.2 Curves of error vs. horizontal distance between
overhead line and measuring circuit for traditional method
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Table 4 Results of simulative calculation by proposed
and traditional methods for different lengths of
parallel overhead line
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Fig.3 Curves of error vs. overhead line length for
traditional method
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Fig.4 Curves of error of traditional method vs.
overhead line length for different horizontal distances
between overhead line and measuring circuit
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Repeated synchronous non-power-frequency method for measuring
grounding resistance of grounding grid
JIA Chao'*,HU Zhijian'? ,FANG Jiacheng'?
(1. School of Electrical Engineering, Wuhan University, Wuhan 430072, China;

2. State Key Laboratory of Electrical Insulation of Power Equipment,Xi’an Jiaotong University,Xi’an 710049, China)
Abstract: When the non-power-frequency method is applied to measure the grounding resistance of grounding
grid,the induced reactive voltage and resistive voltage will be generated on the voltage electrode lead due to
the non-power-frequency current in the current electrode lead. When there are parallel overhead lines of
neutral grounding system around the measuring circuit,the measurement is influenced due to the electro-
magnetic coupling effect between the overhead lines and the measuring circuit. The repeated synchronous
non-power-frequency method is proposed to measure the grounding resistance of grounding grid,which reduces
the influence of the induced non-power-frequency voltage of voltage electrode lead on the measurement.
Simulative results show that the accurate measurement can be obtained under different operational conditions.
Key words: large grounding grid; grounding resistance; non-power-frequency method; parallel overhead

lines; repeated synchronous measuring; measurements
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Improved principle of LC detuning protection for static blocking filter

ZHANG Qixue',XU Baoli',CAO Tianzhi*, HUANG Tianxiao®,LI Xuan?,
ZHANG Xiaoyu’,NIU Pengfei’
(1. NR Electric Co.,Ltd.,Nanjing 211102, China;

2. Electric Power Research Institute,State Grid Jibei Electric Power Co.,Ltd.,Bejing 100053, China;

3. Inner Mongolia Datang International Tuoketuo Power Generation Co.,Ltd.,Hohhot 010206, China)
Abstract: The CR(Current Ratio) of reactor current to capacitor current is adopted as the criterion of LC
detuning protection for static blocking filter,which may fluctuate when the currents contains SSO
(SubSynchronous Oscillation) or non-periodic components. Analysis shows that,the difference between reactor
current fluctuation and capacitor current fluctuation causes CR fluctuation. An improved algorithm is
proposed for CR calculation,which applies the difference operation to convert the reactor current to the
equivalent capacitor current and then calculates CR. Simulative results show that the CR calculated by the
improved algorithm is lightly influenced by SSO or non-periodic components,which improves the sensitivity
of LC detuning protection and makes the time delay setting reduced from 10~20s to 0.5~2.0 s.
Key words: steam turbines; subsynchronous oscillation; static blocking filter; detuning protection; relay

protection; current ratio; differential algorithm
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