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Study on traveling-wave differential protection of UHV AC transmission line
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Abstract: In order to effectively solve the question of the traditional traveling-wave differential protection
cannot be applied to UHV AC transmission line with high voltage shunt reactor, a new method of traveling-wave
differential protection is proposed. Obtaining three-phase voltage and current transients, module components are
got by decoupling transformation, then the integral value of initial wave fronts at both of the line terminals for
tens micro seconds is taken as eigenvalues which compose the action criterion. The application of the criterion not
only avoid transient unbalance differential currents impacts under the system normal operation and external faults
conditions, but also has high sensitivity for all internal faults. Theoretical analysis and Matlab simulation show that
the method presented is reliable as well as with rapid response. The new protection has high practical value, can be

achieved under the existing technical conditions.
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Fig. 1 Traveling-wave on single-phase lossless line
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Tab. 1 Simulation of different types of faults at F,
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Fig. 4 Waves at both terminals of line MN when external fault occurs
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Tab.2 Simulation of fault in different locations on

the negative direction of M
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Tab. 3 Simulation of fault in different locations on the positive

direction of M

30 13 037.5 13 213.6 0.0135
80 12 564.3 12 736.9 0.013 7 0.02
120 12 168.7 12 380.7 0.017 4

HESH g0, MF,mkERER, E. R
] HL O A7 3 [R] BE 2GR MR N G 0 o) 2% 8%
DK a4 St O [EP g [T R 22 i 7 & o = AT <1
FoR kMR, . & ETES S
680.27 psFiEMig, Lkl 496.60 psFik
Nt o



23 I iV A L % A 7 0 O Bl IR 5 Relaying | 4EE{RIF

®5 M. NFIRIET B EIH R & A SRR RS 5R

Tab .5 Simulation of fault in different locations on the positive

direction of M and N

5 M B R FMZ\I/ I o/

1= n2o/T o) )

& /km (A-us) (A-us)

0 500 1000 1500 2000 2500 3000 35004000 45005000

s 0 32924.0 -7142.0 1.216 9
(a) Mg J5 [l HUIREAT . (F o nd i)
1500 —— 50 61517.7 -20350.3 1.3308
1000 l- — \( EFATE
500
100 29 020.5 -9579.0 1.330 1
< 0
—500
—1000 . 200 28 000.5 -9 337.0 1.3335 1.2
1500 R I 7
—2 000 . 1 L . . L . . L
0 500 1000 1500 2000 2500 3000 35004000 45005000 320 26 360.9 -8777.6 1.3330
t/us
(b) N Jy 1 L ife A7 ke (Fnd i) 500 230961 -7766.0 13362
B5 MWESFERM. NERE 6 BRITR
Fig. 5 Waves at both terminals when internal fault occurs of 640 14568.3  -7504.0 L5151
line MN

MREe . e, W HE B & GEX) Al & R 55k,
W RF AN IEBES, e/ T oM, RGN
AR, AW RGN R R A kR, R A
LIEE N (SR

V5 M 1) P 3R 47 0 k20 s 9 Bk
BBy B R AR GETE) RN IE ) L 3 7
B k20 wsTE B LI By BEIA L R R
(16) HEFT 4191,

FAHE AR ERR LGB OISR 5 &S
G5 R . %50 RGN R M A % A B I
MR L AE R, A, KSWM, F,
R, DUBEe B2, BT i R B
(16) . % MR A A 1E M T4 M, 6,01.0,

F4 R RERRRES BRI HEER

Bt ouf A e O I R B 2% 1Y 28 O R o B
2B, AR SCREH T — B ELTT A IR AT
e =k W R 5 18 O R AIE (B A9 8 Y SBT 1Y 47 % 22 3
PRV T 8. %5 90 oy I T it B 0 90 4T D
Pk 1% B, REWE IE Bl I R &R S8 N S D LK i
B, T @mEHFKREISNAFE, ROE
L'/ I/ = Wz AT, DA R BRI A BRSO i 22

Tab. 4 Simulation of different types of faults at F,

R W RN LA RO i B AR T
AG 618365 205492 13323 W2 0% . T BL AR SCR A A 1R (6 1L 3R BB
BG 103438 34854 13370 A R A R A B, R
CG 205933 -6siss 13325 PEOR . 7 T O A O B Sk O B 4 L B A 7R
ABG 1035183 344131 13324 K, RIS B % B 1 2% B £ i
BCG 228262 76078 13333 13 AU EO R B L R 46 % 47 o A0 oK A
CAG 1235715 409931 13317 R, EL ik L AR 1 i
AB 280005 9370 13333 i G5 17 95 20 (R 4P T AR L% 07 i 3R BE R
CA 3930 N2 13324 N Y S L T 1L
ABC 419608 139556 13326 k. RS ETLA MR A A& M T B, BB

www.eage.com.cn 2020%F4F - BAEN - @i bd | 55



YREB{RIP | Relaying

s A E .

SEHK

[1] BRE . 1000 kKVE:E RS RSk R ae i
U], mEEA, 2012, 36(2)-

2] EHM, Tk, MEE, % K ERE Sk
%%%F%%MﬂﬂﬁH HBoh &g A,
2004, 28(22): 19-22.

[3] ARHTM, R . WELERIR AT IR R IP IR SR
BRI, 4keREE, 2007, 35(20). 1-6, 12.

[10]

[12]

Brtase, BREW, REI. R A HME LR
FT I ZE BRI AIBEFTI]. op [ AL TR 4,
2009, 29(28): 89-94.
ZHANG Yanxia, XUAN Wenbo, ZHANG
Hongyuan. A new principle of traveling wave
differential protection on series-capacitor-
compensated transmission lines[J]. Science China
Technological Sciences, 2014, 57(4). 754-764.
sRER, TRES. RIS R R) R M g
PR BRI Bh B ah s, 2007, 27(4).
75-78.
Eo, AR, TS B s (R <k
MR ARG AL, 2012, 36(1): 86-
89, 95.
SRRZE, M, Phok. e ot IR P &%
BRI AT I A R I]. P ER AL TR R,
2007, 27(10): 56-61.
kR, SRoRAE. (KR i He v 2B A T
ZHRP]. D AIDLRHE, 2012, 32(3):
13-17.
e, WmES, W, %. ETESGAREEN
Fril Za PRI TT D] AR, 2006, 30(9):
98-102.
Sk, M, PhoCEE. BTN AT 25
RG], BH ARG AL, 2004, 28(18). 25-
29, 35.

TR, FERTN, PhTEE. RRe RIS £k

56 | @i bdl - BAOBRM - 2020F E395457

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

BRI AT ZE B R A ]
28(23): 41-44, 70.

BARGH SN, 2004,

HE Baina, ZHAO Yunwei, HA Hengxu. A
novel traveling wave based differential protection
for distributed parameter line[J]. Telkomnika -

Indonesian Journal of Electrical Engineering,

2013, 11(9): 5097-5104.
FHE, B4 FFEERKERARED R A
WA AN T )] O RGP 5
#l, 2010, 38(8): 1-5.

FEFPE, Ehed, EF, %. gk EnE
SRR, B RG R 5], 2014,
42(16): 52-58.

FBEN, Sade, T, %, AT UEGREAT T

%%iﬁ%?%ﬁﬂﬁﬂ RS H L,
2004, 28(23): 50-55.
EE, 22EE, sk, F. WREHRMIRIE T
gkl R [T]. WD RSGR 56, 2013,
41(2): 13-18.

WG, SkORSs, EHIN,
JE S Redk H A LK [T].
2013, 41(2): 1-12
Fudgcd, ok, MAEHE, .
P27 2 FL GRS AR 1 T Tl B DR AP L[]
22402007, 22(2). 116-120, 136.
Fdgi, skiE, YoM, . AR HIE R D AL
BARY R AR ALl RS54,
2006, 30(5): 101-104.

- PRAPEREILA R
%ﬁ?%ﬁ%%fﬁ

He P XRR S R
AT HOA

(==TEMIy

XA (1971-) 5, T
i, SN AR5 A T
1,

(Kefs H . 2019-08—15)EA



