5546 45 5 7 W RN ERBEY D EH Vol.46 No.7
201844 H 1 H Power System Protection and Control Apr. 1,2018

DOI: 10.7667/PSPC170362

5 R &FRIFEES B A L EAT S

HAg, BEEL I FL G54 AR, BFEL ATKS

(1. 55N b, PUAT P FT AL 3) i, ARSI, M 5FE 550002; 2. LiA4A% S A b AAHA RG], EiF 200233)

WE: K& 2R BARRE RGBT AZIE RS, TRl —F R 1 2 46 R sk B 3l s
20 ARHC FEL 19 2 4 1 SR B AR R i) S SRR IV 24 5 R 22 P DSl S MERIR SR 0 [ SR AL % A s B
BIRE A3 FA A5, S R B 8 5 SR X ISR . 280 RTDS {5 IR L IUA R UER ], 127715
A PRIE S8 A A B, 2 R S A A R RO OB R, BT A BN, AR AR PRI (AR I
P 7oA B S RS AT AR

KR DRESRY DA, 48 X8R 240RtE

Research of distributed feeder automation with level and protective backup
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(1. Electric Power Research Institute of Guizhou Power Grid Co., Ltd., Guiyang 550002, China;
2. Shanghai Wiscom Sunset Electric Power Technology Co., Ltd., Shanghai 200233, China)

Abstract: The configuration characteristic of level and protective backup is introduced to intelligent distributed Feeder
Automation (FA), then a new distributed feeder automation algorithm with level and protective backup is proposed. This
algorithm defines the zone and level polarity of one circuit distribution terminal according to distribution network
topology and power supply direction, meanwhile adopts multicast transmission to realize intelligent distributed FA
communication, and eventually realizes fault fast isolation and non-fault area restoration. RTDS simulation and on-site
experience show that the proposed method can solve the fault quickly; when the terminal communication fault or lower
switch operation failure, the upper switch will operate automatically. It can both decrease the failure interruption time and
increase the reliability of distributed FA system.
This work is supported by Electric Power Research Institute of Guizhou Power Grid Co.,Ltd. (No. GZ2015-2-0052).
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Fig. 1 A typical cable distribution network
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Table 1 Zone and level polarity of distributed terminals
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Table 2 Multicast MAC addresses of distributed terminals
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Fig. 2 Establishment process of distributed terminals property

O3 2 5 R Y FA SR RR B AR W ] 3 BT

1) A= il i s P P 2 o R 0 280 e ), BN 90
FIE &P FA 2%, DI m B &8 T EX
SR AR IR ST, 5T FEL 23 Loere A O WUJSZ.EJ)
Bk

2) Tic HEL 2% ity WAL 28] g s DA B i S i it b i S
) Licceives Zreceiver 4 Zreceive -9 Zsert MIAl,  H. Licceive
LU Lot /N5 PHBAS 5 o

3) T I Ta) B B G 2w i G 5, 27
P 5 AN & b i, RTINS Bl 45 PRy 18 4,
A7 AW B 5 IE B 12 e H 2 g Ak 1 e b
e B i o 25 B A

4) Wik Vi G HE 28 3 1) AH AR T J2 2 1k T
Bkl 4, PRAE SO 58 AR .

5) WAL A A I 2 5 B P R R i R T R
Lty A DRI IR E TG, BEAT AR W DX 4 1)
WA

6) U3 R P B 5 I T L i A D B T
N 1) PR AR AR B 2, 3R I AR AU O R A e, S
BT J5 28 PR Ik ] ™ K g o ol 25 9




-168 - ® LRGP B R

ol e

v

TRy RIFAH
W7, [ AR X gk
SR I A B

2R SC

<>

N

7RIk

SERETIIN ],
s, ik
HL, Z

T S
SIABI E

A
JA B G %
TR24H

W) I J22 iy
Rk il iy 32
AT R 5

Bl e 5 124 e,
AR T = 24
Sk el fir 4

TN 1] P 7f
R, AEAE
HBifE S

Y
A ERN . P e AR X 3K
W s i FAHR | [FASR, GH st

3 5 EREERIP FA RIZE
Fig. 3 Flow chart of FA with levels and protective backup
4 B
4.1 RTDS {AEKIE

TEFE S H ) Fds RTDS JEAT 05 FAE, 4
SN T PR HTRC I MARB R GE, TR Bl AR
BERC L2 DTU A1 FTU, 4% B fL 2o £ SE B4y
2GR FA %, & ZmiicE T o4 50 ms,
T, 180 ms, Hi FIAZ AL IR BN 250 ms. LEFERE
b > BB . S S A B 2R A
s O 2 S ) A= e DX e 5 1) B e . A6 P
BPESEA TR, I TR) 24 RTDS Al 21 ) 4% HiL 4%
BVERTTE], RIS ANE 3 PR,

HhE 1. 20 3 IEE B A S LA PR,
BRERR S AE 0.1 s INIERG,  ARMba X IR L S AE 2 s
P TE, TP AL TS AR i 14 TG H, 24 B A 38 g o
Jos R A B R, o AR Ty I () Sz R
ki, dnse 3 4 12, Wk 4 f69.

MIFRINBLRE S, EJE R R /1 5 A TR
PN BRJEHEAT fE A& DR APk, dntiheE 4 6 15 i
B IS 20 A A PR F i 15 L B I, e

Fz 3 BMFELER FA LIBLER
Table 3 FA results of different faults

. . A o 25 R 1) b
hacs ks I H o s
(kB 1)) I [) (A TR IS 1))
1 3. 4. 5110 H13: 0.065s 91 6:1.323 s
T 11 4:0.070 s
1 5: 0.072s
2 fi2, 13 2k £12:0.068 s 91 6:1.235 s
i 113:0.071 s
Bt 12 T 11 12:0.04 s ¥
4 B9 FUFHlE, f1 $19:0.04s, KM K
9 FFR S 111:02s
5 B3, 4. 5110 1 3: 0.065s 91 6:1.325 s
Z A, £ 2 K 41 4:0.071s
RO TR 615 0.072s
)8
6 fi2, i3 2k £11:0.070s 91 6:1.245 s
R, $12 RKRHEL 672:0.068 s
R PR ST 113:0.071 s

PSRBT bR, Ak 5o Wil iy 2 W R )
B F i A IS I, 2 A R B e A
BRSC, T IR 2Bk, S8 KRR =
X 3

F B L 3R DN UE FH I FE 2 4% HRORET A [R] 1 e e
KA, (EIEFIEO T 0 25 & 2R Y FA $4687E 0.1
s P58 AR R 255 2 s PN 58 I iR X sk Ak FE P 5
MR ST R R AR, bR SRR T I A IR
P, PRI R 2 X3k, M i AR T
I, SRR S DX A T R R B, T
LG 73 A 2C FA LR85 s I W 208 H FA,
VEREAT Wb R 125
4.2 PIHFEFGIEE

H 5557 FH T3 120417 5 FA R it b 24 43417 5 FA
e, W e A I ARG, R 4 B i — Rl
N TFELTHRE, a2 )Lash, T HFERY 2K
BEAF. A, AR R g e A by, D bAE SRR
L 2 4 F-hr F- LR Wb A ST v 1143 )2 4 AR
A2 FA D7, 5 A 2 A =X FA 1647
PRI A TR ARSI EAT IR UE, R —IR
TR s W i 2%, A XOE S e R 3T T
WI7sE:, B 56K Digsilent 3% /8 #+-5 Wkiz 5
HHATOT R, FRR05 T AR sy i bt i ik 15t 4 E sl ALl
WACEAZIS S/ RE A FA P gE T80 E,
WE T, T4 50 ms, 75 IR 200 ms, 2% H sk HY
FARCRY A 300 ms, fEIEFTEOL T 70 24 Ry 1Y
FA YJHELE 0.1 s N5l RR =g, 2 s P 5g iR i
IR, UilllE ST R AE R R, LR
Uiy REREAT S 2 DR, B R b 25 DX



M E, 2%

o3 2 ORGP B2 B B A BRI 58

- 169 -

5 it

H L8 se 7 il FA silbis 4efii g, 1

W &N RE B, H2 FA IR, —H

B AIRTRRY, AR FA LR HsAT, E

AN RGUR L FA RGHISCH . A TR T

oy IR & RPN B 4 B A (FA), SIANT

PGk LR I NI ], R IR DR R RE 20 A 5X

FA RGEMIINESF . YE4r fa] SR A0t T DASEBLAE 5%

% 0.1 s WP RS, 2 s AEMbE IR L, AR

NREERMON, LR AT LA BB ET,

b TRIRE A FA HMBE AL BRI ], [N i T

e AT 20 FA (R SEME

S 3k

(11 ER. FHerc i Az S r) LR g ] B

T RGP E ], 2016, 44(20): 12-16.
WANG Liang. Discussion on application practice of
distribution automation method for smart distribution
grid[J]. Power System Protection and Control, 2016,
44(20): 12-16.

(2] i, IRIEL, 581, ek A stk REME R 68
PRI HER, 2007, 31(23): 17-21.

LIU Haitao, MU Lianshun, SU Jian. Centralized and
intelligent control mode of feeder automation[J]. Power
System Technology, 2007, 31(23): 17-21.

(3] xifi, sRANER, skaGHe, S5 TC P o0 YA 4 M R it i e

RS P[] RS A S, 2013, 37(5):
105-110.
LIU Jian, ZHANG Xiaoqing, ZHANG Zhihua, et al.
Location and restoration of two-phase grounded short-
circuit in distribution systems[J]. Automation of Electric
Power Systems, 2013, 37(5): 105-110.

(4] Fheb s, 0PCH:. SRR Bk B stk R e
PUEBEWIFU[I]. *0 )1 R GEIEAE, 2009, 30(11): 71-74.
SUN Zhongwei, GUO Qingrui. Key management for
feeder automation systems with centralized mode[J].
Telecommunications for Electric Power System, 2009,
30(11): 71-74.

(6]  HRA:, M, Huvs, 55 Wl B3 R G b B2
Hute e REBTTVAT]. BRVEHL, 2016, 44(8): 67-70.
MA Tianxiang, CHENG Xiao, DU Xuhao, et al. A new
location method of single phase to earth fault in
distribution automation Shaanxi Electric
Power, 2016, 44(8): 67-70.

(6] WA, OB, Whilst, &5 JLTd5/h — 9 QR 4M Sk
V1) 5 i P9 1% 7 A 7 9k B R D [T, B R AE R,
2016, 31(5): 184-191.

system[J].

[7]

(8]

[9]

[10]

[11]

[12]

[13]

YANG Fan, DAI Feng, YAO Degui, et al. Least square
field

reconstruction on grounding grid and its application[J].

QR factorization arithmetic based magnetic
Transactions of China Electrotechnical Society, 2016,
31(5): 184-191.

Sk, XA, o, & TR RE SRS
FEEM 10 KV BB A SIS IT RIS
[7. T2, 2012, 25(9): 79-86.

PENG Song, LIU Hongwei, WANG Huanwen, et al.
Research and application of automation implementation
scheme for 10 kV overhead feeders based on voltage/
current composite package unit[J]. Guangdong Electric
Power, 2012, 25(9): 79-86.

FEA, ME, PR, S R R 3R B LT
RESHHETE P R b PR S A A 5 0T K]
BRI HL ), 2014, 42(3): 49-53.

WENG Wangyue, LIU Jian, LIU Gongquan, et al. Study
& development of feeder automation system parameter
setting with voltage-time type sectionalizers and fault
treatment simulation software[J]. Shaanxi Electric Power,
2014, 42(3): 49-53.

FSE, VR, AR, A5 JET S B0 R H -1 )
Rk Ashibia 47 vk P E, 201210454935.8[P).
2012-11-13.

XM, SR, PELLNE. AR He- I (] 255 B AR
BRI A B RGNS HOEET]. BB, 2006,
30(16): 45-49.

LIU Jian, ZHANG Wei, CHENG Hongli. The parameter
setting of feeder automation system based on mutual

coordination of recloser with voltage-time type of

sectionalizers[J]. Power System Technology, 2006,
30(16): 45-49.
ARGIM, m)EEE, VPR, SE. BT AL B MR

R K], BMEAR, 2013, 37(10): 2920-2925.
ZOU Guibin, GAO Houlei, XU Chunhua, et al. A fast
adaptive protection and control scheme for feeder
automation[J]. Power System Technology, 2013, 37(10):
2920-2925.

WREZFH, B0, T 0. SO 8 5dE R R g R4 Js
58 3% R O FET R[], ) RERY 5 i,
2017, 45(22): 22-27.

CHENG Yanxiang, HUANG Jingguang, DING lJing.
Improvement of micro grid adaptive current protection
principle and research on its new algorithm[J]. Power
System Protection and Control, 2017, 45(22): 22-27.
wJIK, XZR, B0y, S LT IEC 61850 [ fEsY
A Bk AL, B RS A Bk, 2012, 36(6):
90-95.


http://xueshu.baidu.com/s?wd=paperuri%3A%283698a1dbb3f6f7ba5169c07033b5bc80%29&filter=sc_long_sign&tn=SE_xueshusource_2kduw22v&sc_vurl=http%3A%2F%2Fd.wanfangdata.com.cn%2FPatent%2FCN201210454935.8%2F&ie=utf-8&sc_us=11664594176368532633
http://xueshu.baidu.com/s?wd=paperuri%3A%283698a1dbb3f6f7ba5169c07033b5bc80%29&filter=sc_long_sign&tn=SE_xueshusource_2kduw22v&sc_vurl=http%3A%2F%2Fd.wanfangdata.com.cn%2FPatent%2FCN201210454935.8%2F&ie=utf-8&sc_us=11664594176368532633

-170 - &0 &GP DA
LING Wanshui, LIU Dong, LU Yiming, et al. Model of protection based fault element identification[J]. Protection
intelligent distributed feeder automation based on IEC and Control of Modern Power Systems, 2016, 1(1):
61850[J]. Automation of Electric Power Systems, 2012, 95-107. DOI: 10.1186/s41601-016-0023-z.

36(6): 90-95. [19] XIEM, 48X, 0, 5 ZJZ IR RRY il 4k

[14] LING Wanshui, LIU Dong. A distributed fault R [I]. B RS 58, 2015,
localization, isolation and supply restoration algorithm 43(5): 112-122.
based on local topology[J]. International Transactions on LIU Yuquan, HUA Huangsheng, LI Li, et al. Research
Electrical Energy Systems, 2015, 5(7): 1113-1129. and application of multi-level wide-area protection

[15] FLAREE, W&, VK%, 2T GOOSE MZr&G T fe system[J]. Power System Protection and Control, 2015,
A AL Btk T £ B RGE R 5, 43(5): 112-122.

2016, 44(24): 183-189. [20] REIA, SKAR. TP AL L SO G IR R W)
DU Dongwei, YE Zhifeng, XU Yongjun. A solution of V422 Tolk22 B 244, 2000, 20(3): 209-214.

integrated intelligent distributed feeder automation based TANG Lan, ZHANG Xuezhi. Research of IP multicast
on GOOSE[J]. Power System Protection and Control, communication mode and correlative problems[J].
2016, 44(24): 183-189. Journal of Xi’an Institute of Technology, 2000, 20(3):

[16] wrdi A, RNIR, JUITFR, 5. T S b 2> 209-214.

AL A BB RINED]. I RE HEM, 2015, [21] UM, Zeool, AR, 5. JETAIREORIE A%
39(9): 127-131. JB[I]. THEHLN A S AE, 2016, 33(8): 172-174.

GAO Mengyou, XU Bingyin, FAN Kaijun, et al. Distributed ZHU Jianbin, QIN Huibin, CUI Jiadong, et al. Information
feeder automation based on automatic recognition of transmission based on multicast technology[J]. Computer
real-time feeder topology[J]. Automation of Electric Power Application and Software, 2016, 33(8): 172-174.
Systems, 2015, 39(9): 127-131.

[17) ik, HSE, e, % EM ARk WSS 2017-03-08;  EEIRA: 2017-12-11
RFHRIE R RBFRD]. 0 RE Gy S, 2017,  (FRBAT: . o
45200 7-13, B (1986—), %, AEBRA, TAIF, HEFH
QIU Yutao, HU Xueping, LING Guang, et al. Research AE R AELENHA; E-mail: 253570868@qq.com
on State Grid’s technical specification system of relay FRF A981), &, WA, MEATL, T4,
protection in smart substation[J]. Power System A7 @ A % e e M. E-mail: huangll@wiscom.com.cn
Protection and Control, 2017, 45(20): 7-13. (4ptE TRE 2

[18] YIN Xianggen, ZHANG Zhe, LI Zhenxing, et al. The

research and development of the wide area relaying



	DOI: 10.7667/PSPC170362 
	分层备用保护型馈线自动化技术研究 
	Research of distributed feeder automation with level and protective backup 
	  
	本文研究的分层备用保护型FA技术以开关为单位进行讨论，为讨论方便默认一台配电终端控制一个开关，若配电终端控制多个开关，则配电终端内部仍然以开关为单位进行处理，因此分层后备式保护FA技术仍然适用。以图1为例，变电站1提供的供电线路有甲-负9，甲-负10，甲-负11，甲-负6，变电站2提供的供电线路有乙-负12，乙-负6，因此该配电网络划分为六个区域，其中负9，负10，负11，负12为线路末端，负6为联络开关，同属于两个区域，且为两个区域的线路末端，因此层级在区域中均为0，各配电终端的属性如表1所示，其中开关与区域无关者没有层级属性，变电站保护甲、乙不接入配网进行FA定位。 
	以太网报文帧不经TCP/IP协议，直接映射到数据链路层和物理层，即传输层和网络层为空，这种映射方式可以减少网络协议栈处理，保证报文传输、处理的快速性，因此本文选择在故障时刻采用以太网报文帧进行故障定位及隔离。在配电网络中若某条线路出现故障，则故障上游的配电终端均检测到过流信号，向自身所处区域发送以组播方式发送以太网报文帧，组播地址通过区域参数属性进行区分，为防止报文丢失以太网报文帧的传输间隔设为2 ms、16 ms、16 ms、32 ms递增，同时能够满足快速故障隔离的时间需求，非故障区域恢复以及平时的通信由于时间需求不紧迫，采用udp报文进行传输。 
	ZHU Jianbin, QIN Huibin, CUI Jiadong, et al. Information transmission based on multicast technology[J]. Computer Application and Software, 2016, 33(8): 172-174. 



