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Fig.1 Schematic diagram of system architecture
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Fig.2 Zero-crossing detection circuit
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Fig.3 Principle of voltage phase angle calculation
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Fig.4 Flowchart of voltage phase angle calculation
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Table 2 Results of phase angle measuring
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Fig.6 Definition of curvature

FEL O U8 (LA 9 FA SRR T TR I ATt T L a3 5 e
DRI 7 25 Sfe PR R S0 e e 4 4 2

R 35 S A5 B A HL I SR A A TR TR
TR T7 1%

Aa=arctan Li=1s, —arctan L =1, (4)
td td

As = VUi=1) +1f ;‘\/(Ii+l_]£)2+tdz (5)

k=22 (6)

Hodr TR g 4350 SR SR R AL A RN SR AR I T [ B
T BN AT B AT AT A 5 A 3
3.3 Ak

BRI LUk, R 2R TR0 A 2 B 3= mT LA
o A I i 220 F b 9 2 AR A TR | A e I L T A Ak R
A E B A8 A 18 K 38— 5 B 1o o e e e % 2 T
DS 2 B v TR B SR e e A o
AT, T2 1 28 A U A B B B 5 4 ) e s 2 AN
ST A e A% R 0 A AR T T R A
B EE X R I O AR SR H A R A SRR T
FERH G5 O SR RS B F A

GPS 0 Jik w3k B J5 5 — A~ 2 F 5 I 4R E AT 0
BE, EE T —ANFP Bk o I 2w H ] SR i i R
A A g B 2 20 A A A SR D A R i
SEAR W0 A0 5 BB R R K AP K R R — AR
ik b T A SR A BN (3R 50 NI AE A ) B AR
H16G WY FME SD AE6R P9 i[RI BR ST 78 & W5 s
ZHT, A BT R R AR R R B e
ISEATLAR L BRI 22 i TR T R AR R B i | R 3RS
B %) s & A 1 B T 50 RS B B 0T 3K 0.5 ms,

MR R A AR AR AN 7 TR 220 V SRR
R, B 8—11 S TC o B 7 M B %

7 BAEEMBBENIL R
Fig.7 Test system for single-phase grounding fault

5 25
830
b 15
2 0 AHEEM 42.5ms] ] I

S0 100 150 200 250 300
R
B 8 BB XA

Fig.8 Diagram of current deviation rate




(5] ® 0 8 & iR B

%36 %

e
1

D Ve

2 0 !

e

= 42.5 ms

fuxi] ~0.01 L L L L L )\
0 50 100 150 200 250 300

R A
9 FRIR K i 2

Fig.9 Diagram of current waveform curvature

400

V 425ms
0 50 100 150 200 250 300 350
R R

10 P& EiKE
Fig.10 Waveform of fault voltage

,%@;m, , ‘
0 50 100 150 200 250 300

B 11 SEERER
Fig.11 Waveform of fault current
O ER AT LR LRI |

LB E NS TR 136 A RFE AT AN K AR A
KA S Z A 0.3125 ms, HBE AT AT B RE & A 05
A %R 2015 4 6 H 20 H 13 #4527 43 18 70 42.5 ms.

4 ik

ARICEAIT K T — R A B9 WPMU 5 i e 55
PRE A T A D RERE T B HRE {1 R R SR A 4
TS E R EE D RE AR L S TR AR
i ¥ AT iy A 45 5 04 il Bt 7% 80 3l 9l LA %
A o [ PR B S B0 L IR B R DN TR
C L O A e 00 e 9 0 5K T LAV e e A A A
(8] £ O B I SR BRI ROk | BB 20 A 2 R
PN YN RN ON S €IS B TR C R SN
A RO R R, B AT e R T SR TR
A,

SEH .

(1] XUHC, XU ZEpk, 21 et i ) R et B AR (1], B A sh ik
#,2010,30(7):1-5.

LIU Qu,LIU Xianlin. Advanced technologies of power system in
the 21st century[J]. Electric Power Automation Equipment,2010,
30(7):1-5.

[2] PR, 5 R Ik B 22 i, 55, B T BT 3 48 R BEL BT 0 1L 19 PMU A2t
REMIH T[], A 3B # |, 2014,34(5) :105-110.
CHEN Liang,BI Tianshu,XUE Ancheng,et al. State estimation
based on PMU measurements considering zero-impedance charac-

teristics of circuit breaker[J]. Electric Power Automation Equip-

ment,2014,34(5) :105-110.

PRI, X2 55 XA 5. JE T B B R A CELL #Hig 1
SRR G RN S AT ). M) A Sk, 2015,35(2) 1 125-
132.

JIANG Changjiang,LIU Junyong,LIU Youbo,et al. Online forced

oscillation detection and identification based on wide area mea-

—
w
—

surement system and CELL theory[J]. Electric Power Automation
Equipment,2015,35(2) :125-132.
[4] LIU C W. Phasor measurement applications in Taiwan[C]//2002
IEEE / PES Transmission and Distribution Conference and Exhi-
bition. Yokohama,Japan :IEEE ;2002 :490-493.
BB BT, — R R R AR FL s PMU R B RS B A ik
SRFE(AE )], R0 A BB ,2014,34(3) : 149-154.
CAI Chao,LU Yuping. Improved sampled value adjustment algo-

—
(9]
[}

rithm increasing measurement precision of smart substation PMU
[J]. Electric Power Automation Equipment,2014,34(3):149-154.
SIEHEL AR B L. 0 B B L AR G T P DA £
W] I Ak, 2011,31(1):1-6.

BIE Zhaohong,LI Gengfeng, WANG Xifan. Review on reliability

evaluation of new distribution system with micro-grid[J]. Electric

—
=)}
=

Power Automation Equipment,2011,31(1):1-6.

Erede B, PR AL & PMU WRIRESAG TR 237 B i
WFoE[)]. P EBAL TR ,2001,21(8):29-33.

WANG Keying,MU Gang,CHEN Xueyun. Precision improvement

and PMU placement studies on state estimation of a hybrid

—
~
[

measurement system with PMUs[J]. Proceedings of the CSEE,
2001,21(8):29-33.
(8] BRI, il XTI ARG B WA REMIFR)]. AR
LA F1k,2007,31(15):1-5
XUE Yusheng,XU Wei. Review on wide-area system and wide
area protection system[J]. Automation of Electric Power Systems,
2007,31(15):1-5.
FAERG, BRSBTSl AL T IO R AR AE H ) R e i
[J]. #E7H71,2007,35(5) :32-36.
WANG Zhengfeng, HUANG Taigui, WU Di,et al. Application of
wide area measurement system to power systems [J]. East China
Electric Power,2007,35(5) :32-36.
[10] B#:, JHaEdr  FhR . BT ATT7022B /£ HIhe B 63 f = AH
RER[)]. ARdLi i1t ,2007,27(1) :46-48.
HAO Jing,YIN Weichun,SUN Chengyu. Design of three phase
multi-function and stealing power preventing watt-hour meter
based on ATT7022B[J]. Journal of Northeast Dianli University,
2007,27(1) :46-48.
[11] BBIS B VERE. 5T AR 0 5 58 R B4 AR 1 1R] 20 A o2
W B A S [)]. P E L J7,2006,39(7) : 84-88.
LANG Bing,LUO Ping, WANG Xiang. The realization of
synchronized phasor measurement unit based on GPS and PLL
[J]. Electric Power,2006,39(7) :84-88.
UG e AE LS DESMAK S GPS H A RN
19 43 A 2RH B T[] ], AR 1 2005,29(9) : 1-5.
LI Jian,XIE  Xiaorong, HAN  Yingduo,et al. Study on

distributed PMU for synchronous phasor measurement using

—
\=]
[}

[12

[

mutually backup synchronization signals from both beidou
satellite navigation system and global positioning system [J].
Power System Technology,2005,29(9):1-5.

[13] BHEE TR LI K K, 4%, GPS W47 2R Wil 5 08 ik ]
P HUPL TR 2441, 2002,22(12) :41-46.



ZoH A5 YT R OE PMU 5 A RS 5 IF & @

ZENG  Xiangjun,YI Xianggen,LI K K,et al. Methods for (177 A 18 | BSF I8 | 3R D~ el O T8 T 1 23R 07 Ji Jf g e PR 3 1

monitoring and correcting GPS-clock[J]. Proceedings of the CSEE, BT [1]. LA 2013,37(2) :551-553.

2002,22(12) :41-46. YANG Shangjin,WU Shouyuan,DAI Chaobo. Method to fast
[14] IO, JAABA . TR Bt Bh e o o op i A 5 R [ ]. o recognize short-circuit fault based on curvature of line current

[¥ L 7,1998,31(2):10-13. waveform[J ]. Power System Technology,2013,37(2):551-553.

WANG Yuanhu,ZHOU Dongming. Some technical problems of

satellite clock applied on power network [J]. Electric Power, 1EEEAN.

1998,31(2):10-13.

. . F T (1979—),F ,won g A 8l
[15] Working Group H-7 of the Relaying Channels Subcommittee of

BoHE R TEAEIRAEO NS

4] (E-mail:lijiang@mailnedu.edu.cn) ;
HmEE190—), 5% WAL SA Mt

BERAE B R 7 @ A Bl 8 3 AL (E-mail ;

the IEEE Power System Relaying Committee. Synchronized sam-
pling and phasor measurementfor relaying and control [J].
IEEE Transactions on Power Delivery,1994,9(1):442-452.
[16] /9ERI 2K R, GPS A TE S AR A A7t i I 1)), AL
A 3L 4 ,2000,20(6) :20-22. 362707716@qq.com) ;
LU Zhigang,MU Yongmin. Application of GPS in real-time FEK(963—), 8, FHKEA H
phasor measurement[]J]. Electric Power Automation Equipment, B HEBAAFH BRI ACHZRA
2000,20(6):20-22. a4 2 A 5 A M AT

[id

Research and development of micro PMU and fault wave recording device for

distribution network
LI Jiang,XU Zhilin,LI Guoqing, GAO Yaru, WEI Wenzhen
(School of Electrical Engineering, Northeast Dianli University, Jilin 132012, China)

Abstract: A micro PMU(Phasor Measurement Unit) and fault wave recording device is developed for the low-
voltage distribution network,which has several functions,including synchronous phasor measuring,
comprehensive data acquisition,equipment time synchronization and fault wave recording. Its hardware cost
and installation difficulty are fully considered and the cost is significantly reduced while the data accuracy
is satisfied. The virtual zero-crossing phasor measuring method is adopted to measure the voltage phasor in
real time and the startup criterion combining the deviation rate with the waveform curvature of electrical
variable is applied in the fault wave recording. The corresponding hardware design is given. Test results
show that,the measured data are accurate and the fault is quickly identified,satisfying the basic
requirements of power distribution network analysis.

Key words: distribution network; micro PMU; comprehensive energy monitoring; fault wave recording



