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Fig.1 Single-phase R-L equivalent model of power
frequency fault component of two-terminal lines
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occurs in T-type transmission line
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Fig.3 Three-phase fault additional network under
phase-a-to-earth fault in T-type transmission lines
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Fig.5 General circuit model of fault phase
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external single-phase grounding fault occurs
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Fig.8 Transient saturation current of current transformer

FEL UL L T A TR B AR U 3

Im0=f sin ¢ Xsin tdi=sin O( w—260)—2cos 0 (26)

M R B A AN R Sl A S, R
R L S U e I R AR RN R B A i A R
RS, Y S B S B IR B w B
IS EEL SR T R A ™ S By E O R
TN IFEREY 50 %, LA m 5wl F5 00 R 2 %,
i A B MK AR ] B P BRI R 7, RS BT
AACATHE., W H 3 B JBR A8 2 S AR RN e g FEL L 15K
=5 =R
AU, -AU,

Z+7/ 7
M RV WA A w i, el Ak Y
FER AT a2 5= (28) L (29) Fis,
1= [AL+AL+AIL | = [ Al /2| =
| (AU,-AU,)/(37) | (28)
1..=|(AU,-AU,)/(27) | (29)

LI RS B S E A AN L1, /1 = 1.5,
VIZEE R DH 1.5 UL L, TE& amgk i
KEEARRIEAE T, BB 6 3l & i 4T 2 9 ot L
ZhoN, dl S g /MO A 1.5 58, F i
ZHEEEAE T AR B b A B0 0 U TR
BAMAEE T,

5 fhEWIE

51 FERZRESH

R T BRSO HE 2 v 2 2 SR R R
B PERE , R ATP-EMTP #5717 220 kV 6 ik B,
LRIEARR ARt SE I AL Bras, Bk Gk, ks
SR T IR ANSCRRE A5 s Ky ks R T DX P OB A s g N
Ty—my, AR 5 s ke, R T, bk, B
r R YRR 1% 31k AR th S 850RN 43 A SRR 3R
7, BARSEGR UL 5
52 (FEERS5HH

A5 B B 2 A0 Sy BRH B b | TR R e % L AR
F RN AR D A R R 1—3 R, %
o1 R SCERL 14 ] ARSI B A, A, 23RS
MR [ 14 ] B FAS SCAR v 1 R (8 SCRBUE hy 3
YERSHIsh ) . %4 NSCHR[ 13 ]+ T RlZ
B m i & A DX A IR LA b S ) E 9 UK

Al =

m

(27)

Table 1 Comparison of simulative results of single-phase

grounding fault between two algorithms

g g L

ooy tﬁéﬁ/ W L/A IL/A LA AL,
a 124 413 1649 0.03,0.007
. b 2.2 8.14 414 0.27,0.005
c 2.2 8.14 414 0.27,0.005
100 a 2 28.57 87  0.07,0.022
B b 0 b 11.6 301 1423 0.04,0.008
100 b 1146 143  73.1 0.08,0.016

0 ¢ 17383 21728 1033 8.01,16.8

b o a 006 011 17.6 0.55,0.003
: 100 b 006 011 17.6 0.55,0.003
¢ 1138 1623 68.6 7.02,16.7

0 a 13726 17157 798 8.02,17.2

b oag a 1126 1506 62.5 7.5,18.01
100 b 009 0131 126 0.68,0.07

¢ 009 0131 126 0.68,0.07
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Table 2 Comparison of simulative results of double-phase ground

fault and double-phase of lines between two algorithms

[0

e e Eﬁgl/ WFE  I/A /A LA A, LA
a 15 750 2276 0.02,0.006
oy 15 750 2276 0.02,0.006
abg o & 106 3533 1678 0.03,0.005
" b 106 3533 1678 0.03,0.005
b 144 363 2188 0.04,0.006
O . 144 363 2188 0.04.0.006
be b 587 978 640 0.06,0.009
0 587 978 640 0.06,0.009
a 24291 3373 1818 7.2,13.36
O L 24201 3373 1818 7.2.13.36
g o & 20362 299 1326 68,153
" ¢ 20362 2994 1326 68,153
a 21173 2680 1708 7.9,12.39
O . 21173 2680 1708 7.9.12.39
e a 7545 1022 275 7.38.27.5
O 7sas 102 275 738275
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Table 3 Comparison of simulative results of three-phase
short circuit between two algorithms

e R

fi Al

W IL/A LA I/A AN,

res

a 13.28 1228 2161 0.01,0.006
k, abc b 13.40 1331 2133 0.01,0.006
¢ 13.27 1329 2186 0.01,0.006
a 16.1 1623 2561 0.01,0.006
ky abc b 16.7 1678 2504 0.01,0.006

¢ 15.2 1529 2560 0.01,0.006

a 20 040 2824 1 506 7.1,13.3
ky abc b 19 524 2789 1 470 7.0,13.2

C 20 100 2 830 1497 7.1,13.4
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Table 4 Simulative results of transient saturation of current
transformer when external single phase to ground fault
occurs at Terminal m

] ! i £
Wews W o~
T LR VS S T
e Q T

30 144 3856 X

o 60 1238 3856 x

120 2177 3856 x

\ 180 2639 3856 x

! a8 30 15 2121 x

60 306 2121 x

100
120 519 2121 x
180 1123 2121 x

(1) mFE 13 Mg T 45E,

a. KA XANGFERT | JCIS AR A e R S Al
AR SR i B i) 0 S K SCRik [ 14 ] H B Bh R AT
SEPETE R, A BAK 4 R MR | A P B e B
FOPE ST, X T B AH AR SC ARk 14 1 sl i e SOk
[14)B kR s 285 T 3 f%, X FIE R A
Hlshm | T 50 £, AP 5] 58 A8 sh i &4
VR 265 % e M e B, 25 R D RS 00 T, X ik
B AR AR SCREE I il sh i /DR T 3 4%, nT S S
FIPE R 5 & A T R B B S 2 A L LSS
X TR A, AR SO A Bl SR [ 14 ]
Hyfl sl 204 T 6 A & AR — AR SRR
BEAH R B A s B AR T 1S £

b. KA KRR A8 SO B B9 0
IS GE ST, SRR G 1 Bl E Sk [ 14 ] R s
WNT 1~4 45 REPEAXT R, KA a4 Jm bk
TS B A X T B B AR AR SO ) R AR &4
BT 2.0 A% R T AR AR LR SR T E D 96
A5, AT SRR A T 5 % A TP R 6 6% o ot R T R i I
B X TR AR | A SRR Y R AR 4y o) F D
T 1.86 Fll 1.57 i A& A = MH e Bl e i, ok ik
B AR, AN SO i R A L SCHR [ 14 ] BBvE ) R A
HET 1.87 1%,

. TEVEA X4k Il S AT AT AME R L T,
ARSCEIE I B A SRR B AR & v g Ul
BT HREAE A RO AE 20 4% H 25 X5 4 1 S )

(2) MR AVUEH, 7 EE S EERER m
Uiy FEL A LSRR & A T AS AR I 2 0 R 4 34 i B
YESEH 144 A B RE] 2 639 A5 1.5 f5A04
FE AN 18 R B R B 5 A7 7E ) U F BRI, Bt
TE AR AR B B, ShPEE B 115 A B K
1123 A,A L8 A5IH I, TSt i I A L
BELAGR 100, U0 P 12 vk EL AT o ) B Pl I L JER A T

S ARE
6 #it

ARSCHEET YN BHYTRE T T —Fh 2 dm Lk % 22 s I

PRI 2 FEE A BT AN ATP-EMTP {5 .45 S 3%
B AR SCRYRAE S A DX PN B B e L A 2 v 1) R
TE A X MR B s B A 5 i AT SE R, O HH =
A5G 2T AR A7 4 I BHT | L R R 3 o R ERL 3
TR AR R, AR SCRIR A TR 5 T
& BIVE RS, brad U Fi BH BB 715, BEAS A IR 4
A A PR FEL S RTT R I LR AR S AR, B — 2
B T AR FHANE

P S JL AR M 25 3% (http : // www.epae.cn) .
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Study on improved algorithm in differential protection of multi-terminal line

XIA Jingde"?,QIN Ruimin', QIAN Huifang' ,GAO Shuping®®,JIAO Zaibin® ,HE Shien®*

(1. School of Electronics and Information, Xi’an Polytechnic University, Xi’an 710048, China;
2. School of Electric Engineering, Xi’an Jiaotong University , Xi’an 710049, China;
3. School of Electrical and Control Engineering, Xi’an University of Science and Technology, Xi’an 710054, China;

4. Wind Power Technology Center, State Grid Gansu Electric Power Corporation , Lanzhou 730050, China)
Abstract ; Aiming at problems of the traditional differential protection in T-type and multi-terminal line protection , an
improved algorithm for differential protection of multi-terminal line based on the calculation method of longitudinal
impedance of transmission lines at both ends is proposed. The phasor sum of fault components of the currents at both
ends of the line are used as the operating quantity, and the ratio between the maximum voltage fault component
between the two ends of the line and the series positive-sequence impedance of the two-terminal line are used as the
braking quantity. Meanwhile,the above data are independent and can be transformed to each other, which ensures
that the protection can accurately distinguish the internal and external faults under the normal operation of the sys-
tem. By using the reasonable decoupling algorithm in the three-phase transmission line ,the electromagnetic coupling
between phases are reduced,so split-phase discriminant function can be realized by the proposed algorithm. A high-
voltage multi-terminal transmission line model is established with EMTP software, and the simulative results show
that the proposed algorithm has good state distinguishing ability , simple setting, large discriminant margin and high
reliability. Meanwhile, it can effectively resist the influence of the saturation of the line capacitance current and cur-
rent transformer,and has good engineering promotion prospects.

Key words : multi-terminal transmission line; fault component; relay protection; differential protection ; longitudinal

impedance ; decoupling algorithms ; current transformer saturation
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Fig.Al Simulated system and fault points set

aRGSH (Q):
Z,,=1052+j231%2, Z,,={91X), E,=1£0°p.U.;

Z,» =1051+j2050), Z,,,=j20100, E,,=1/-5'pP.U.;

Z,,=104+}187692, Z ., =j468Q, E,=1/-10°p.U.;

Z,,=103+1165200, Z ,=j570, E, =1/-15p.U.;

Z.,=102+j15520, Z . =j50800, E, =1/-20"p.U.;

Z,,=106+j20120), Z ,={74%), E, =1£-25"p.U.;

b. £k Z 4L -

EFZ4: r,=0.0350/km, | =04234 mH/km, c, =0.0027 uF/km ;
FIFSH: r,=0.309 Q/km, I,=1.1426 mH/km, c,=0.0019 uF/km .
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