540 % 5 4 1
2021 4F 4 H

AT AL fE
Advanced Technology of Electrical Engineering and Energy

R Vol.40, No.4

Apr. 2021

FREC M 5] 5 tH 2 3 B ik 5 SE PR R W A A

& , BIKE, AR,

(1. AW EBT 8 Ans] e AFFHAIT,
HA ARRELLERT, FERFEMNE,

2. W R BK bR

WA, x| 4F

L& 200437

F £ 04>

I3 100084

3. BM LT S il Ak o a] | ki 200122)

WE. R MESTHENZEE LAY MR T

M F RRW SR

B AFARE M EBENE iz

BRI AAIE, MBI T AL S AL AR TR S R AR, B, RS e R

EAEA KRR KT B M F R T R

%F%wﬁmri%oﬁx%%%ﬁﬁﬁﬁim

WRE T AT A H A RN TS ER BETSHERTAETMNRTES AT

ZF &30 T A AR MRS AR § iy R

%, R AELERGEARRESTT FELR, 2

KRB E AZ TR S SHRETT o0, A LA T TR B A e WA ke A s
MhERHE AREMEFAEMNERENG) 2R AEE T AR,

X RIYAREH ik, e PMU; e M EF 2 4%,

DOI: 10. 12067/ATEEE2011014

1 35l

AR, BEE TR PLEOR GEEROR (TR
GITEE s N R VST -2 e A EE TN N S I v
A TARKFEEE B T A R T R U = L A1
f@ﬁ,ﬁﬁﬂﬁ]ﬁ%é’ﬁ”%@ﬂ%ﬂ i g S Bl A
55 ) 0 246 Ay T b, o0 S TAE FIAE 5 1Y) o A T
YEZ— I 25 B E K 1 K ) 3R ——H AT A 24
| K i 0 S

PRA i FL O 49 [] 26 A ) 2 5 ( Phasor Meas-
urement Unit, PMU) & %% $2 44t A0 £ I & F1 R 458 4 =)
NAMAEAF R, B 27 iy v I 20 285 W RS e 4

AR T Iz R SR T R Y
i s R AT ﬁﬁuiﬂﬁfu&ﬁ?ﬁiﬁ?‘ﬁﬁﬁﬂ?ﬁ/\
SUAE BCHL TS S D S T I e H (R
SR EC AR IR AR | R TR
DO 2 B 3 AR, 42 % T iy B H P AR A AR 25 80N
XTHCHL I PMU BB AT RS i1 1 A 2K . BLA
5T FL 190 R T R A #ﬁﬁﬁﬁ
FECRAL AN [ J7 T 0 B IE FL T g 3 —

Wi HHE: 2020-11-11

MBESHT; IR
XEHS: 1003-3076(2021)04-0027-08 HESHES: TMT721

VT JUAF , TC H, o [] 250 AR S TC L ) PMU 2
EAFE T Pk, IR PSL 2RI A wPMU
B A SE A FN T AE L AT i H ) SRR 2R
TR A A DU R 2B AR R T 0. 01°  (BATIAETE
B A WP AEANE | B R e A )
A, I Yilu Liu BT 59 450 5 400 3l 10 s 40
B ASURS BE BT LA $100. 000 5 Ha, X 55 B L
HL R v ) T IR R BE R . iR PMU KB
SRE R IER) T A R0 Y SR B B R BT
T2 [ s SHRE N 5545 5 R SH) 285 e [ PR R o T] oA X S5
BTEEEEH/%/LE'J{ S AT A BT, ME AR X S PR L

SRRy 2 AR SE R B Rk AT
B&ﬁEéﬂ‘ﬁo

AR SCHR Y — T TS A R 3 I D e 1Y)
BB IC H O[] 2D AH B AR TR TR AR T e B R G
B Z Dy 8g [\] A AH &= I & 5250 ( Multifunctional Micro
Phasor Measurement Unit, uM-PMU) 152 8 T %54
W BT RS R A DA T & IR
13 00 0 AT A TG L T PR AR 119 22 37 57
WL, B pM-PMU 2 E B 7E _E 1 I i 3t X

HEWB . EEE S &HRITE (2017YFB0902800) | [ /A &AL 5 H (52094017003D)

fEE T/
Ffi  B(1981-), 5, JdvEE,

KOAE(1966-) , T3, WA, TARUWARE A5 0 fE R
Rz, TSI, A, BEFETT O B R SRR E T S P GEIRE) .

44,



28 T H BB BT B R

540 4 4

FERRE I — A s 1 C v g [a] 20 I e 2R 5
FHIZ PR 2 G155 20008 X0 e A A 5 4R TR A 7
O, XA SCRI $8 (4 AR 1 0 A Sk 4 o a1
PEATYRE,

2 SREHERENESHEEEX

2.1 SRS ELSNE BEN FIR iK%

BT pRACBCTT FIR JE A 70 AH 0902 0 3
i, SR TC H R0 rh 5 A 22 sk DB R B 33T 3 1l o
XA N I3k T 08 A 1 ek T A5 A AR
SR ME LA HI T L R BRI vp AR SO — e T
WA L3RR o3 M T B 54 Y FIR B4, AR 40
PAC P, PO AT 3 B 3 ) A 2 0 A 45 2R, S BRI e v
3 RIS TR DA 7 T ) 3 R R A I v T L T
Z T T AR TR

TERR N AEL S M5 T il T U Al TR
Y TiE 4% Isf AN A2 £ K ( Estimating Signal Parameters via
Rotational Invariance Technique, ESPRIT)!*"  H
ARG HER G DU PG R R RHAS SCR I
ESPRIT J7 IE 55 AR i HEA TTEZR 04T

HiF Cosh B PR Jab P AH X 4045, 5 M o
TRl R BE B, R PERE AL 57, A SCUB P AR B TR AT
Cosh %, HUK, th T 7 R B9 2008y | H: 32 1 o B2
55 MERE DAL P LA (H 2 S Besh A ad P i
PR, PRI, TERR SIS O T, % 4 J 1 Cosh
LB OLT 28 2 MY Cosh %I R BT IE K
o 4 U FIR U8 f% i ARSI R 1 4 18 1 i

o
X150
or Y1.49e-13
m —100
=
ﬁ‘\ﬁ _150}
=
i —200 F
¥ 55
950 . 2 .Il
X125 125
300+ Y:-296.5 . Y:-275.9
X: 25
Y2880
350 L—s . . ; A . ,
=300 -200 —-100 0 100 200 300
S /MHz

K1 AR FIR JELE & iR
Fig.1 Frequency domain characteristics of FIR filters

with notched teeth

2.2 FH/REVREBEREESR
PRI, AR SCRE FIR 3§ Sy SR A FRR 2530

AR — A BT AT AR LR I T A A R
HEZE s 2 fios .,

6§ g TR 15&”5“%0%}*5,

AP ol g4 FIR VWS ,
Rt | MR :

——>
BE | om _
Wi FIA FIR JEI 2%

B2 shaSUHie Rk B AR

Fig.2  Framework of multi-channel synchrophasor algorithm
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phasor unit for distribution network
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Tab.1 Performance comparison of phasor algorithms

in multi harmonic and inter harmonic scenarios
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Fig.4 Test results of single-phase short circuit fault
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Fig.5 Master station architecture of intelligent distribution

network system for operation analysis and control
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Test and application of novel synchronous phasor device

for distribution networks
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2. State Key Lab of Control and Simulation of Power Systems and Generation Equipments,
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Abstract: There are multiple kinds of interference components and dynamic scenes in distribution network signals.

Therefore, the synchrophasor algorithm for distribution networks needs to take both the measurement accuracy and

dynamic response performance into account. At present, existing analysis methods of synchrophasor algorithm for
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distribution network mostly rely on simulation, lacking the verification in actual devices and the analysis of actual
distribution network signals. A dual-channel synchrophasor algorithm based on frequency analysis and adaptive filter
is proposed. The proposed algorithm is implemented in the PMUs based on the system on chip (SoC) and the per-
formance of the algorithm in multiple scenarios is tested in the laboratory high-precision synchrophasor test system.
In Lin-Gang Shanghai, a synchronous-measurement system for distribution networks is established, which is built
on the PMU for distribution networks. Through the actual distribution system, the characteristics and dynamic char-
acteristics of the signals in actual distribution networks are analyzed. Besides, the validity and accuracy of the pro-
posed algorithm are tested, which lays the foundation for the widespread application of the PMU for distribution net-
works.

Key words: synchrophasor algorithm; PMU for distribution networks ; synchronous-measurement system; frequency

analysis; filter



