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A study of substation-area backup protection based on phase related current differential

LI Bei, HE Jing-han, Tony YIP
(School of Electrical Engineering, Beijing Jiaotong University, Beijing 100044, China)

Abstract: There is a drawback in traditional substation area current differential protection, when the scale factor k monotonously
changes, the sensitivity of the internal and external fault will vary oppositely. This paper proposes a substation-area backup protection
based on phase related current differential which use the multi points redundancy information. The analysis shows that when the scale
factor k monotonically increases, sensitivity of the internal and external fault will increase together. As the increasing of ground
resistance, sensitivity of fault will increase. On the other hand, when the external faults cause CT saturation, the traditional protection
will mis-operate, but the new algorithm can overcome the shortcoming. At last, PSCAD/EMTDC is used to build a 220 kV substation
model, simulation results verify the theoretical analysis.
This work is supported by National Natural Science Foundation of China (No. 51277009).
Key words: phase related; substation area current differential; CT saturation; grounding impedance; backup protection
SCHRBRINES: A RS

PESES: TMT77 1674-3415(2014)24-0001-05

0 33

U7 B A AL i 1Y) i 26 R R AR SR B
Bl E 05 2 AR A ERC & 0% . BaER
ez S 2 FIE AT 7 2 G R g B
R L TE s & NS, 3 SNV S U NI E T .
IR (15 AN RS, BFSTEF 2 00
A BB 5 R AR I R 345

UTAFRATFUR 0 AR (5 S SE Bt ek vt L 1 ) %
TRAP AT 2B TR o AT 5l
biea=e) NS p B SEN (SN B DR O = S KA e e 2 R
SR AL IR B 5 FAPAE 2 LR R AR AL
DX P DX AN ) R A S B R AR A R Bk i, BT EE

EEWE: BXAAHFALRAAB (51277009)

KRB/, W] RERS X AN I AR RSl Y
bl R R B IS S 22 S PR E P S50 s ) R
e,

AR SCHR T ML AR 6 U 22 B A i S
PRI B TR W IR LR R AT L 1
T, FEDX P S5 I Ah s R ARG N 1 e He b
W BH s, AL g = ah R ESE m s TR
Wit v IR A Gl 1 LR 22 Bh AR X AN CT W RN
OUN R RSN . A A PSCAD #ff4# 4t
T bR, LA RO T PR M K IE R

1 ETFHEAEXERESEEZHRP
g%

1.1 ShiEsEH
B 1R RS I R e i ], AR



S T RS R R

Ll R 2o sl 46 DO SR B BT 11 T gkl R ZE S I A
I PN St R 7 e SR st B 1R 22 1Y R 0AR
G SEOUORYIEH, MBS IR LB, AR
B AR AR TR P 5 2 s,

‘I'l+I'2+~--+I'M‘—k1 -(‘1'1‘+‘I'2‘+---+‘I'M

)1, CHEE D

|il +1, +~~+I'M|—k2 ~|il ~1, —~~—I'M|>I& CHE 2

TR LR BRI . T BT RE 2
REGAE RSO % SR, IR E A R
(R BIRAEL, AT 23 B BB OL T A R S AR 50 o

TSGR I SR, W 3 PR
Bl 2(c)FL B S T I RS, Wi 3 Pros.

FLRE 2 R T KRGS Ex A1 Z5

EZ =Zy '(El/le +E2/Zzz +"'+Ej/ZjZ)

7 1

o VZis +1/Zys +-+1/Z 5

Gl

B _l’/M

(=02 7, Zys Ey

Ey

2 Zs

U, OZy

1 SIS

Fig. 1 Substation area structure

1.2 ETHEMAXERENEE &FRIPEE

LG LRSI R A, MR R . 3 PIERRIE S
SRARASAIN, X P X 4 e 1 R ST AR A, Fig. 3 Equivalent diagram of the internal fault
(IR o A T SO IRIX — e i, [ w5y P 9 e WA 3 WSk L, R, K
IR 228 R, AT ARRAH O R 22 8l ik o
R AR b BB

AP 2 R, MIRLHI BB CH i, - Zus +2,+(120) 2,

3 A (ZZ+6ZM)+[1+ Zy + 02y J-RF
. . . Zys+Z,+(1-0)Z,,
|]1|+k3'|12|'005(¢1_¢2)+k3'|I3|'COS(¢1_¢3)+'”+ , EM_Ez Z, voz,
ks || cos(dy — ) > I, =77 v(1-0)2y | Zyt2,+(1-0)2, ™

FRAf i £, A T, nTSRAF U, RLU,
Uy =(1M +1';)-RF +(1-0)Zy -1,
{Uf =By — Iy Zy
448 U, BT SR A
_El _Uf
Zy
U =U,+1 7

I

(c) DX A b

‘ U, =U,+1 -2,
B 2 HpEEsE TN L N
Fig. 2 Equivalent diagram of the fault RGBS, A 2(b)ﬁf?%ﬁ M5 g o 5 284



A, A BT ARRARIC F IR ZE B (sl S A% PR R -3 -
Klan sl 4. iy BRSO, B IR AR A AL G AR R I B
IR 2 T T R AR By P 25, T .+ Compare DiflrntCarent Dt
Pl 4 v SRAF AR T, R 18
By —F 16
Iy = "zl _2)2' - 12 N\ \ sz
(ZZ+ZM+aZ[)+(1+Zz+ZWaZz]. : 5 10} S 2

Zys +(1-0)Z,
W 1, PR U, A

U,=Es 1, -Zs

{UM =E; -1y (Zs +Zy)

UM

Bl 4 SMNEREEFES S E
Fig. 4 Equivalent diagram of the external fault

W U, BT SR 1,0, H5 3R G0 A i b
I SR AT A o
¥ FR AR Matlab THF T —A =i R
4t CE,FE AR FHIwis,  E, fCRAE
LA =) A LA S LR 22 30 B Ge L )
SRS BT 2k
S RGBS H N
E, =2200°kV, E,=220/-10°kV, E, =
2204 -5°kV
Zys =2, =Z,, =35/86°Q
Z, =(0.0705+0.40024j) - 200
Z, =(0.0705 +0.40024) - 200
Z, =7, =(0.0705+0.40024;) - 400
AFRE R 0 AQ3, (AR,
I,=0, k=05 k=05
B 5~18] 7 IR )2 — A SR R GAEAN R
U =M S R SRR 5 AT LU
FEDX I, = FhERd A n SEsh 1, (0BT A
REVETE A K6 nTLUE X AMSbs iy, = Fp R
IR T SEANSAE, B FI ) R B S, G 2 AN
3 AMEMLILUTES): CT WAINESL T, AT
AJERIR T, = pl, » e p WHOIARE, B 7 W)
DA HAEIX A, CT WA DL T, fRgfryH
Yot BLRS, ARIMDE A HCR AT FE AN R B, CAIHE
2713 EE LA, JIAMERT LG HBEAE

S N B O ®

0 100 200 300 400 500 600
Rf

B 5 ABENEAREFIHER S ERFIE
Fig. 5 Operating characteristics of different criteria
of internal fault

Compare Different Current Differential

k=9, BTHIHE 3
k=6, HiHHE 3

k=3, BB 3

HIRERHIE 1,

B 2

0 100 200 300 400 500 600
Rf
[ 6 SRS ARE FIHE R SRR 1%
Fig. 6 Operating characteristics of different criteria
of external fault

Compare Different Current Differential
HUIRZ RN A 1, ZE S A 2
0 _h/

,2 F
é gk k=9, BTHIHE 3
k=6, HHIHE 3
-6 k3:3, ﬁ;ﬁlj%ﬁ 3
,8 .
-10

0 100 200 300 400 500 600
Rf

& 7 CT {aFN5MNERERE B AR B3 3R B s B It
Fig.7 Operating characteristics of different criteria
when CT saturation with external fault

2 HEEH

2.1 HEAHEXERENEE
ASCHIH PSCAD #5417 W&l 1 Frasi)—4> 220



_4- &) &G 5N

kV AR el BRI BT L T X AR 5
Hg 228l 55 (0.5 s TIX N f1 #ifE, 1.0 s 11X 2
Wb, 1.5 s T X Ah 3 Wk, Sbddest 0.2s). £
PR ek, DI, SHORE R 220
kV &%, B 8. Kl 94 A-G ks LA

Fhase QurrentA |
140> Acdl § OphiAd |
50 <4, FFHES
100
80
£ 60 1.
T w
20
00 L ! L A X
20) ==
time 000 025 050 075 1.00 125 150 175 200

81X A HBARRIFIIREIRE
Fig. 8 Current differential of different criteria of A
phase in zone |

Fhase Current A |

1002 1Aca o phiad Il
80 =4, FFIE 3
6.0

s

= )

= 0 IHE 1
20
0.0 L L il L |

ttime 0.00 025 0.50 075 1.00 125 150 175 200

911X A HEAREIHERITRED
Fig. 9 Current differential of different criteria of A
phase in zone II

MW 1 Fras, misn
I X Bh1EHE N

|j08| +hky- {|j10| -COS(Pps — Py) + |j11| -CoS(Pps — @) +
|j15| COS(@pe —Py5) + |j13| -COS(Pps — @) +
|1 - cos(gys = 750} >0

1T X B 1A
|j07| +hky- {|j09| -CoS(Py; — Ppo) + |j12| -cos(@y; — @) +
|j16| -Cos(@y; — @) + |j14| -cos(@y, —@,,) +

|j01| -C0s(@y; — @) + |j03| - COS(Py; = Pp3)} >0
MR LUE AR Ge s CAlYE 1) Fgr A 4
TEX AN IS A] 5B, XAt I ] SEsh 4,
B f1 b, I I XORIPHRG 1R 2 dbsnt,
I XORAPAGAE T RO EhE: 3 #fsis, 1. 10
DORAP AR ANSAE . [N, 7 A5 X b
HEWEEE W WK ARG S . M AE D MR,
AR SN TSGR . B A B AL A 4
AR = R A
2.2 CTimfntERanEsFIE
NI REAE £2 ke T 2 CBO8 TS T A

I, T DXARREAN G A i 2= sl P R Bl AR

K 10 HiAR 1 2& CBOS A A HLJL H IR 1175
Ulo B 11 HE KA G B Z S CHIE 1)L AL
MR AR ZE BN A 3)ZhERetE, WAE . fETIX
b £2 ks CBO8 HLiL B AR DL |, AR 4
WEBRE RSN,  MAINLAR S HL S Z2 3 &1 vl e
B 12 3 1A A K HL IR ZE S HUAN R [
R ks W BIVERFIE, TRAE Y, kR, R
(eI

current bache
& seconay

10 CBO8 A #H Rt LAFN
Fig. 10 CBO08 phase A CT saturation

© lacdbh O phiadbh k=4

FIHE 10

1/KA

k3=4, F#|E 3.

time 9,900 0950 1.000 1.050 1.100 1.150 1.200

11 REIFIE RIRE N EERIE
Fig. 11 Operating characteristic of current differential
of different criteria

1/KA

thime 0900 0950 1.000 1.050 1.100 1.150 1.200

12 FAAIFAX RIRE A E & ER RIS
Fig. 12 Phase related current differential act with
different k value

3 g

G EPSVI S 2ot N SN E TS b
S5 & IR AR IR TS AR AR AT
R ZE B IRl e 2 R o S BRI AT R W



Y AT
% fir, %

T AR DG AL ZE Bl )t A DR SR -5-

ARALAR S LR ZE B DRI B EU 28 R B0 i 58,
DX P B DA e ) SRSV AR T T i e HL R
AR, AR AL e RV ER s[RI A RE
st GEnt L R ZE B AE X AR CT AL T~

TRIRBII B e P AR AR SE T B i

(1 IEAfE .

B3k

(1] &k, kOrsy, #H, &5 Ry Rtk e 5%

Redk A 25 (1], H R R S0, 2013, 41(2):
1-12.
BO Zhi-qian, ZHANG Bao-hui, DONG Xin-zhou, et al.
The development of protection intellectualization and
smart relay network[J]. Power System Protection and
Control, 2013, 41(2): 1-12.

[2] LIJ, ZHANG Y, ZHANG H, et al. Wide area equipment
protection system based on substation panoramic
information[C] // 9th Control Conference (ASCC), 2013
Asian: IEEE, 2013: 1-6.

(3] E¥gF, LoEH, sk, & B REHMIAET T A4k
BRI RGP ST, 2013, 41(2): 13-18.
WANG Zeng-ping, JIANG Xian-guo, ZHANG Zhi-chao,
et al. Relay protection for smart grid[J]. Power System
Protection and Control, 2013, 41(2): 13-18.

(4] ZF4R>%, PO, sk, 45 TR G PR )
WAL RRHT]. H THARAR, 2012, 27(8): 179-186.
LI Zhen-xing, YIN Xiang-gen, ZHANG Zhe, et al. A
study of wide-area protection algorithm based on
integrated impedance comparison[J]. Transactions of
China Electrotechnical Society, 2012, 27(8): 179-186.

[5] NAMDARI F, JAMALI S, CROSSLEY P A. Power
differential based wide area protection[J]. Electric Power
Systems Research, 2007, 77(12): 1541-1551.

(6] & HE%E. HETZ Agent HARMIIHRS RGN
W] BRGS0, 2013, 41(3): 80-85.
WANG Yuan, JTAO Yan-jun. Research on substation-area
protection system based on multi-Agent system[J]. Power
System Protection and Control, 2013, 41(3): 80-85.

(7] r&Ey, sK¥, PO, 4 BT R LI s
PRI EAL] TR, 2012, 27(7): 274-283.
HE Zhi-qin, ZHANG Zhe, YIN Xiang-gen, et al. A novel
wide area backup protection algorithm based on fault
voltage  comparison[J].  Transactions of  China
Electrotechnical Society, 2012, 27(7): 274-283.

[8] ik, ZFHANL, BAadh, S5 FET MR M2 )tk
Joi g DR AP B R R T ST, W R GRS 1,
2012, 40(7): 43-49.

WU Hao, LI Qun-zhan, XIA Yan-kun, et al. Fault
identification for wide area backup protection based on

probabilistic neural network[J]. Power System Protection
and Control, 2012, 40(7): 43-49.

(9] JAPElr, £XME, T, & AT e B

K A2 vl b 5 & OR A [0]. I BOR, 2013, 37(4):
1113-1120.
ZHOU Ze-xin, WANG Xing-guo, DU Ding-xiang, et al.
A substation backup protection based on current
differential protective principle[J].
Technology, 2013, 37(4): 1113-1120.

[10] BR#, sKOUE, BH%E, 55 RREAL b uh s R4 it 53

ZEIR[T]. 2R 7, 2013, 41(5): 947-953.
CHEN Lei, ZHANG Kan-jun, XIA Yong-jun, et al.
Research overview of substation area protection in
intelligent substation[J]. East China Electric Power, 2013,
41(5): 947-953.

(1] XUZETE. A AEAR ot i 246 O i B3R SEB B AR
JY[D]. BFE: L4 K2, 2012.

LIU Yi-qing. Study on principle and implementation

Power System

technology of substation-area backup protection in
intelligent substation[D]. Jinan: Shandong University,
2012.

(12] Ak, Yok, T4, &5 AHOLAHOC U 228 DR Ja
PR L TR EAR, 2011, 31(7): 96-101.

LI Bin, FAN Rui-qing, YU Xuan, et al. A novel principle
of phase related current differential protection[J].
Proceedings of the CSEE, 2011, 31(7): 96-101.

(13] E3EF, LoEM, K, & B REH AT A4k
BRI RGP S, 2013, 41(2): 13-18.
WANG Zeng-ping, JIANG Xian-guo, ZHANG Zhi-chao,
et al. Relay protection for smart grid[J]. Power System
Protection and Control, 2013, 41(2): 13-18.

(14] ZFgE, Wy, <y, & JEToMA DR 2= R Al

(P2 1 v BB ML OR3P R (0], AR, 2011, 35(8):
197-201.
LI Jie, MIAO Shi-hong, LIU Pei, et al. A protection
criterion for high resistance grounding of transmission
line based on phase-segregated active power differential
principle[J]. Proceedings of the CSEE, 2011, 35(8):
197-201.

U5 HEA: 2014-03-15;
fEEEN:

& 4F(1991-), B, MR L, EBHRG G HU
BARY AL M A AR Z . 3k; E-mail: 827596067@qq.com

Fodid (1964-), %, Hd, i, TRZHRTT@OAH L
71 R Gk AP 5 d s

Tony Yip(1952-), B, 184, T BHFRF & A%k iR,
Fhew M., Fraldsk. ek,

&E HEA: 2014-05-25



