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Fig.1 Schematic diagram of current phase shift

caused by synchronization error
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Table 1 Value of B; of each bus under different structures

NGRS AEEER B,/ (°) B A BL B,/ (°)
g A B A B #H
TA, 94.5(1) 99.0( 1) 94.5(1) 99.0( 1)
TA, 36.0( 1) 36.0( 1) 31.5(1) 31.5(1)
TA, 31.5(1) 31.5(1) 31.5(10) 31.5(1)
TA, 36.0( 1) 36.0( 1) 36.0( 1) 36.0( 1)
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Table 2 Value of B; of whole bus differential

protection under different structures
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A% BBEB/() T BERB/ ()
W BM Am BM AWM BH
TA, 94.5 99 94.5 99 94.5 99
TA, 90.0 90 90.0 90 90.0 90
TA, 31.5 27 31.5 27 31.5 27
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Table 3 Influence of number of asynchronous
units excluding diffluent unit on 8

NGRSV B/(°) ENGEZ VW B/(°)
TA, 140.0 TA s 36.0
TA,, 58.5 TA 156 31.5
TA 5y 45.0
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Table 4 Influence of asynchronous number on 8 when
direction of asynchronous influent unit is opposite

ENCEZ B/(°) NCEZL S B/(°)
TA 12465 36.0 TA 1056 45.0
TA 1456 45.0 TA 56 31.5
TA 156 58.5
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Table 5 Influence of asynchronous unit number on 8
when asynchronous units include diffluent unit

ENGE S B/(°) NGE S B/(°)
TA, 31.5 TA,_, 103.0
TAy 41.0 TA 5 -

TA, 5 58.0 TA,_,
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Table 6 Influence of number of opposite direction asynchronous
influent units on 8 when diffluent unit is also asynchronous

NGEZSTH B/(°) ENEEZE B/(°)
TA, — TA a6 63
TA, s — TA 32456 45
TA | _s6 108 TA310456 27
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Table 7 Influence of K on 8 when bus breaks down

B 18/(°) BB/ (°)
A B CHl A B #H CH
03 1575  162.0  99.0 36.0 36.0 —

K

0.4 144.0 148.5 — 49.5 45.0 —
0.5 126.0 135.0 — 63.0 63.0 —
0.6 103.5 121.5 — 76.5 76.5 —
0.7 90.0 103.5 — 90.0 90.0 —
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Table 8 Influence of K on 8 when
transmission line breaks down

HLIRB/(°) HEIWB /()
Al BM CcHM AWM B CH
03 360 360 990 810 810 —
04 495 495 — 117.0  117.0 —
05 63.0  63.0 — — — —
0.6 765 765 — — — —
0.7 90.0  90.0 — — — —

SRR P E . Y 2.1—2.7 WA AT AT A, P E B
(ELAR AR i 2 P, AT 25 200 v W L e K i o 2 i
BAITCRAEAIF o RERUEEZ LA K o BERE 2R 2540, 24
1260 1 BOREZR K BRI 2B 0S T ll lk  Bg 2k B
J& T AR, H— i ol T, BHR BT sl 7 B
JCHLI R (EL AR, BIr L B (i #h Il B £ 22 22 5l {7
e AR 7 D5 AR RIE, Y ZR BRI, Sk
B2k B ELAA I i BE R 2 22 3l R4, L B (R T
BRI BT AN [F] 25 5 A R 2 B A AT 1 B
e el Rdr, HL B {ELHCHR T R i I B K A9 B B
BT HE o BEAOT AR 1 K 8 AR I KIEi%

45

K

4 g

S AE VAL oA SRR 2 22 SR ) 1% 2 B
1 ARSCHE T /N R 2B R 22 FR VAR T A AR
FEXT E MR 5 /N ) A 1 2 FO VR S A 1 45 DR 0 A 7
ST S HT SR T A5 3 T A 0 PR AE R
At HENT 220 kV RUBEZR 5 {5 ALY | BGHIE T AR S
ST EE R IERA T . SR/ N RS R 22 SRR B A AT
TR DRAEAS TR A | B AL A0 R D R 90 45 8
PR 2 SR A B AL BRI P A B[R] A5 1 22 R A A A
POERHShE I SRR IR 250 22 N, IR A AG 56 45 i )
B g L HIE R A A [F25 05 1k B 26 2% Bl (R 9 hg
KB [F TR

Xob SR FH 622 8l 4% BEREEZR 43 22 sh iR 3 s WL
RELR DL R BEER o3 BE AR G540, AR SC 45 T PRt o e AR
it )25 18 22 M B 0 7 8, I REER AR B T N B K
WAz 7 NS S |

Sk

[ 1] AR5tHs, EMER], w5, 4. B BB b A8 v ol o A U BR 2k A
LI]. Wy B e ,2010,30(11) :94-97.
70U Guibin, WANG Xiaogang, GAO Houlei, et al. Distributed
busbar protection of digital substation[ J]. Electric Power Automation
Equipment,2010,30(11) :94-97.

[ 2] WRtase, ardemk, sksg, 45, 72 i ol 0k o R 3 At st A R AR ik 2 Ty
RWELI]. BT A Sl iks,2017,37(10) :204-210.
CHEN Fufeng, YU Chunlin,ZHANG Yao, et al. Research on inte-
grated solution of on-site substation relay protection [ J]. Electric
Power Automation Equipment,2017,37(10) :204-210.



%98

Wi 4 M 2R 2 B T IR 410 25 B ) 40 HT 011

[ 3] B, B8, G R0 B sl B T 3847 o i i g ] A
[7]. # A3 k%4 ,2010,30( 12) ; 113-117.
GE Yili, GE Hui,LU Dayong. Problems in design and operation of
digital substation[ J]. Electric Power Automation Equipment,2010,
30(12) :113-117.

[ 4] Bt R/NFE, RN T TR AR i ol i B U2 14 43 A 2k
LY IBERI[T]. fJ7 RSEH B4k ,2008,32(4) :69-72.
CAO Fengmei,SONG Xiaozhou,QIN Yingli. Research on distributed
busbar protection based on digital substation process level[ J]. Au-
tomation of Electric Power Systems,2008,32(4) :69-72.

[ 5] WE, 250k, TR . 220 kV AEHL 3 GPS A ] 7] 20 3 45 55 9L

ALI]. B A S84 ,2007,27(11) :71-74.

LEI Ting,LI Bin, HUANG Taigui. Implementation of GPS synchroni-

zation system in 220 kV substation[ J ]. Electric Power Automation

Equipment,2007,27(11) :71-74.

XU, RIS 416, %, IEEE1588 4 IF] 4L 25 46 4347 15 3L

Gmst[)]. W B8 fkiBes,2012,32(2) : 127-131.

LIU Wei, XIONG Haoqing, SHI Guang, et al. Application analysis

and field test of IEEE1588 clock synchronization system [ J ].

Electric Power Automation Equipment,2012,32(2) :127-131.

[ 7] shofly, @584, 1M HRIT, 4%, TEEE1S88 b4l ] A b iU 7e S 1k
AR PR )] ) A Sk, 2011,31(4) :132-
135.
SHI Xianhao, GAO Houlei, XIANG Minjiang, et al. Application of
IEEE1588 time synchronization protocol in digital substation[ J].
Electric Power Automation Equipment,2011,31(4) :132-135.

[ 8] MiflsC, XVEH A%, 55, 5L T R 1) i i AP AL B
HULIRE L ()], B R GRS 85, 2014, 42(20) - 129-
134.
ZHAN Jiewen,LIU Hongjun,PAN Junjun,et al. Sampling synchro-
nization method based on voltage vector for busbar differential pro-
tection[ J]. Power System Protection and Control,2014,42(20) ;
129-134.

[ 9] W, B3R H/NT 45, A AR 25 R RS2 i 4 RE 2R 22 3
POFEPIF[T]. WA RGERY 51 ,2016,44(22) :96-101.
LEI Ming, WANG Wensen, KANG Xiaoning, et al. Research on the

busbar differential protection scheme immune to asynchronous

—
(=)
[

sample data[ J]. Power System Protection and Control, 2016, 44
(22) :96-101.

[10] AKEP;, BT V. Lk 22ah P B s o)), P E
AL AL AR A% 47, 2009,29( 10) :84-90.

ZHU Guofang, LU Yuping. Studies on phase shift restraint capacity
of feeder current differential protection [ J ]. Proceedings of the
CSEE,2009,29(10) :84-90.

(1] VRS, /NG, a5, %80 BB 7l il v 1 38 07 R) 25 i Bk 25
AP IrEE ()], BT RGO 545 ,2013,41(3) :61-65.
WANG Siman,ZHOU Xiaobo, TANG Zhiguo, et al. Adaptive syn-
chronization busbar protection in smart substation[ J]. Power System
Protection and Control ,2013,41(3) :61-65.

(127 XVERIR A5 o ZRAEHT, 46, B ARl i W) 28 07 38 43 i [ 1],
ML R4 HF1k,2009,33(3) :55-58.

LIU Huiyuan,HAO Houtang, LI Yanxin, et al. Research on a syn-
chronism scheme for digital substations[ J]. Automation of Electric
Power Systems,2009,33(3) :55-58.

[13] JHyAE ER, T 5. PR R & )]
M A k% £ ,2012,32(11) :136-141.

TANG Zhiguo, WANG Siman, KANG Feng, et al. Multilevel casca-
ding solution for distributed busbar protection[ J]. Electric Power
Automation Equipment,2012,32(11) :136-141.

[14] EZKHEMAHE. FHe72E A T 0. Q/GDW 383—2009[S].
A8 Hh [ AL A, 2009,

(157 Jwuk, 3 7, TR, 55, 7EA8 la vl R I A% P S B B X
[J]. B A3k ,2005,25(9) :86-88.

ZHOU Bin,HUANG Guofang, WANG Yaoxin, et al. Time synchro-
nization with IRIG-B code in substation IED [ J]. Electric Power
Automation Equipment,2005,25(9) :86-88.

EZE R

B F(1991—), F b Rl T A, B
TARAE, ERARA T AT RE BEH
£ A% 3 (E-mail :sdu_chenlei@sina.com) ;

R & (1963—), B, 0 R M AL #K
B AR AT L BEFES, £ &
R e A h Rk d &Y (E-mail;
houleig@sdu.edu.cn) ;

LM (1974—) , 5, EHREABA, SR IET WL, £
BHR Iy @A R GARY 5 24 (E-mail : 13937416180@
139.com)

Analysis of synchronization error enduring capacity of
distributed bus-bar current differential protection
CHEN Lei',GAO Houlei' ,FAN Zhanfeng’

(1. Key Laboratory of Power System Intelligent Dispatch and Control of Ministry of Education,

Shandong University, Jinan 250061, China;2. XJ Group Corporation, Xuchang 461000, China)
Abstract: The concept of the minimum synchronization error allowing angle is proposed to describe the synchroniza-
tion error enduring capacity of the distributed bus-bar current differential protection,and the phase shift coefficient
representing the impact of synchronization error on the difference current is deduced. The influencing factors of the
minimum synchronization error allowing angle,i.e. bus structure, current transformer saturation , restraint coefficient,
asynchronous unit number and amplitude of asynchronous currents are analyzed in detail, by which the theoretical
value of the minimum synchronization error allowing angle is deduced. The PSCAD/EMTDC-based models of bus-
bar systems with typical structure are built to verify the theoretical analysis. The theoretical value of the minimum
synchronization error allowing angle can test whether the synchronization error generated by each data processing part
in the protection scheme exceeds the enduring capacity of the protection and provide a reference for judging whether
the synchronization schemes and bus protection schemes adopting self-synchronization technology meet the require-
ments of bus-bar current differential protection.
Key words : distributed bus-bar current differential protection ; synchronization error enduring capacity ; phase shift

coefficient ;minimum synchronization error allowing angle ; influencing factors



