E37EF4LH
2017 £ 4 A

JE TG DET Al R 2B A4 1] 3 Al 5

F FUABWMLEHRNMNE OR2BEBHLH M
(1. BM A2 AN B HAFHREE Hie L& KT 830011;
.M kF BALEAEIRER b KV 410082)

Vol.37 No.4
Apr. 2017

% 2 & % iR S

Electric Power Automation Equipment

PR, Peif AR 2ot & 3 (FFT) A2 HE B 3 KA B 7 28 3 M 0R An A A2 20 8 | iy b 7 A 69 3% ok 5 1) 3% ok 2 19) 49 71 3
F AT ERrm B ISR AR FO R AR RS Rk Z 0 g T R A TR SRR
o+ 2 e (DFT) A= i 300 B 3 64 1) 38 ok A m) ok SRR 2Lk DFT Skt A i ok & AR Z k&G EME
B kA7) A FFT Fk st AR EMF 7 4702 33 Kok ik 09 2 Rl AR bk o &
M) P BRA FET ke ik KBS R kst R & B9 AT 8 2 B — ANk ooy 5dk, 5 R
R FW IZ R SR R 5 PE R IR T VAR HE MR Ik e 18] 3 Ok 09 SR E T A0 B R Ok e e R AR B
& FEE M EHE

SE4IF . HGET A, A DFT; WECER P, MaSden, gk, ko

HRESES . TM 935 SCERARIAED . A DOI: 10.16081/j.issn.1006-6047.2017.04.026

0 3l&

H1 ) RGE AR AEAR Z AR L E e 4%, a8 IR 4
IR 453X BE A5 23 AN ) 7R 88 b A L ) o AR R
SRy R AR BT 0 ), BRI I B R A 1] 38
IR 22 18 S L ) B G 4 A IB AT FIURS 5 AN 1Y AE
P S A ) S (R 3 g 2 B W RE B i O 0 L )
RGN SRS T | E] A ) A AR B A

FIRG,  [A) 3 5 A4 o A 5 12 5 A0 46 A T 22 1)
2 N AR BERLE AL TE A R AR R -
HHT (Hilbert-Huang Transform ) Fl PR 2 {8 B 45 $
(FFT) 532, N T Al g W4 A i i fe b B H 2
2IRE ) AR s A AR I R AR 41 /Nl A A
e B IR B AR U S R B A I AR I Ty
T AT BRAH (L H X W 75 Rk 500, AR B A % Al
THEY 3 B oRG BE 52 2 A5 5 B KRN Sh BN RS T 0 5
Wiy, 7 I 2 H B 06 s B8 3 26 20 LR B AR
TAZAG T O7 A 0 18] 3 U Z B PERE T HHT XE L
A3 BN A1E A ARALE B X T IRAE RN 33 70 i 55
MEDEATHERR Y 3B 890 A EE B3R ¥R FFT JriE BA
i B PR A A R A I B A O vk EE Y
15 5 H A Al T AR W] 20 SR A I 25 A7 A ™ 5 A 4
i R R S W 3 GBI e ) A RO

FEAR AL R AR I R v 1 5 B e =2 ] 23 AH B
T, AL P MR A 5 N G B S A 30l 8 A i
Y B H1.2016-06-29; 1€ 8 B #3.2017-01- 08
BEEWE D% RAFELTA A (51377049,51277058);
W 7 58 & A 3] #d R FAAET B (SGXIDKO00JLIS1400231)
Project supported by the National Natural Science Foundation
of China(51377049,51277058) and State Grid Xinjiang Electric

Power Corporation and Hunan University Cooperation Project

(SGXJDKOO0JLJS1400231)

2 T R A T (R TR U T 224 ) T S A K
A, HE A TT B8 5 e B 30T A I 0 LR 2 AR O 4 i
AN 2 2 BT s, 2 77 S M) e 8 AR R (14 ) e (112

i F 3B [R) 25 SR AR FRT 535032 47 78 18 45033 1 s
W IE 5 R B 2 (R A BT S ) AR SCH T
T e S O R AR e (DFT ) R 38k o 7] 25 () [) 185
PRI Ty vk . E S e DFT Sk v A TR A
T I I AR K R A T SR =Rk
ZATE 1 X SR RE AT S A8 st o [ A5 Ak | 47 1 5 A 3K
BURAFEAR 5 W HE ] 25 RAE T 51 5 SR J5 X 1 AR )
FAYFFHNIEAT FET, A5 21 3L 5 045 U I 109 2800 (1
B B0 R ) B 3 D DR I AR o DR AR 51 op
PR AT S 3R U A DS I oy e s N 2 A
8 FFT 5 ik 0 38 R 07 2 AR R I S 4k,

1 BT I [E] 45 1Y (838 O 4 ) JR 38

Shy I o) A ik s AT AR RO sk 2D 5 ]S I
WS 2 6] A AE BT AR SRR M — P S TRl DFT i
sy 374 () 25 4 [ S OB A I v | Ly e AR A [T 1 o
TN FETUGHE DET FA SR v [R) A5 i) [0 355 dpt 4G ) B0 3
FLEALSE N DFT BRI R CREEE 5w
FEF FET (05 0 B 850 5 (R ik o3 2 B ik =
BOTR % A5 PATI AR AT,

a. G DFT BIEAGTHRR e £, 3R A g
FHEE SR H ek iE DFT 8895315 50 Hz X0 19 3% 2%
DL R AR AT 2 MR 2R | R 25 2 4 (B 030 v 0 B 3

b. KRGS EM, SRR a 15 2 0y FE P
R A YRR A A 1A L R AR S AT A
T BRI RS 5 B HE R A R AP A1



%44 2 A ET U DET RSO R B 0 1 R 5 o (171)

T AW £,

B RET ]

[ ] 267 5147 FFT

WU ) O3 B

T 0 2 8

B 1 E-F it DFT #1884 B & 50 18 1% iR 46 i & % R 12 B
Fig.1 Flowchart of inter-harmonics detection
based on improved DFT and time-domain
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Fig.5 Subtracting fundamental and harmonics from
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Table 2 Parameters of simulation signal with
inter-harmonics far away from fundamental
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Table 4 Parameters of simulation signal with
inter-harmonics near fundamental
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Table 3 Comparison of errors among different algorithms when inter-harmonics are far away from fundamental
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Table 7 Computing loads of fundamental
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Table 8 Computing loads of fundamental

when inter-harmonics are far away
from fundamental
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Table 9 Computing loads of fundamental when
inter-harmonics are near fundamental

R
ik A

Tk JIIRZS

B FFT (M=20) 57981 86972

B DFT(M=40) 30720 46080

1 9 RN, S IRE 5L L B DT, D7 ik 1 %
47 9% Wiz R A RE IR B 5 07 Ik 4 *HH%IEZ&EI’J
D VAR R i R PO A S e T I B A R R R A
BRI AR B8 UL, I L IE 2 58 T BRI A 1A] 35 98 0
1 A I A B 4 R I A R R AT A A

) A5 v [T A R P 1) 25 PF R O ik 4 I T
YE;@/J Tk, ﬁﬁtﬁ/f4 RERS LU/ N I8 58 T AR
S TR D5 R 20 ] 348 26 A VA A A 00

3 SRIIIE

AL NI-ELVIS %04 R 5 3% 48 Aok H
ADC+DSP #42fir ARG EL 0 AT 5
AT — £ A0 A I ke B I AR SRR R T
ZRE A E  Hoh ADC R ADS8556,DSP K Hi
TMS320C6745,

H AT T5] JES  AG 00 52 58 Y32 AT 1) 30 0t b v U0 PR Ik
AR AN 9 Jr s 14 52 56 5 =X, 1 S R R R
A= fw Agilent 33120A 77 A= L & I [A) 3 S n
155 VE R TR B VR, 2R J5 4 R0 38 I 15 5 A A B 8098
KW A NI-ELVIS 15 5 A i 0 B0 R 24
NI-ELVIS ¥ R 45 2 195 5 3% ATHENL; &5 1A
MLl T CCS Wﬁlﬁ%%ﬁéﬁviﬁ/\ﬁ/\iﬁﬁﬁ” f

uﬂ W S8, T 1 o H AR ] L
HEATEEEL
FE FERAR
B B R4

O 818 IR 4G M AR R i i 78
Fig.9 Test of inter-harmonic detection module
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Table 10 Results of inter-harmonic detection

when inter-harmonics are far away
from fundamental

WP/ He  WRUEE V. MR /v xR /%
110 0.08 0.0799 -0.1250
160 0.08 0.0794 -0.7188
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U(t)=4cos(2mx49.81)+0.1cos(27™x99.61)+
0.1cos(2m™x149.41)+0.08 cos(2 mx451)+
0.08 cos(2 Tx55¢) (21)
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Table 11 Results of inter-harmonic detection

when inter-harmonics are
near fundamental
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Inter-harmonic detection based on improved DFT and

time-domain quasi-synchronization
LI Ning',ZUO Peili’, WANG Xingang',TANG Qiu’,TENG Zhaosheng’, CHEN Tao®
(1. State Grid Electric Power Research Institute of Xinjiang Electric Power Company,Urumqi 830011, China;
2. College of Electrical and Information Engineering, Hunan University ,Changsha 410082, China)

Abstract: The spectrum interference between harmonic and inter-harmonic due to the spectrum leakage
and fence effect occurred in the FFT(Fast Fourier Transform) under asynchronous sampling condition may
seriously affect the measuring accuracy of inter-harmonic parameters,aiming at which,an inter-harmonic
detection algorithm based on improved DFT (Discrete Fourier Transform) and time-domain quasi-synchro-
nization is proposed. It adopts the improved DFT algorithm to accurately estimate the fundamental
frequency ,uses the cubic spline interpolation to reconstruct the quasi-synchronous sampling sequence,
applies the FFT to process the reconstructed quasi-synchronous sampling sequence for one cycle to
obtain all parameters of fundamental and harmonics,subtracts the fundamental and harmonic components
from the reconstructed quasi-synchronous sampling sequence,and applies the FFT again,together with the
maximum peak search,to process the remaining sequence for determining the parameters of each inter-
harmonic. Simulative results show that,the proposed algorithm not only improves the frequency resolution
but also effectively eliminates the spectrum interference between harmonic and inter-harmonic. It has
high inter-harmonic detection accuracy,good stability and small calculating load.

Key words: spectrum interference; improved DFT; time-domain quasi-synchronization; inter-harmonic detec-
tion; peak search; harmonic analysis
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Distributed and parallel voltage optimization of smart distribution network
SUN Zhiqing'?,LIU Yongmei®,LIU Keyan®
(1. Key Laboratory of Smart Grid of Ministry of Education,Tianjin University, Tianjin 300072, China;
2. China Electric Power Research Institute,Beijing 100192, China)

Abstract: In order to meet the requirements of smart distribution network for the grid-connection of DG
(Distributed Generation) and the real-time response of grid simulation,a method is proposed to
determine the optimal power output of each DG for the fast and effective voltage optimization of
distribution network in the distributed and parallel environment,which applies the method of hierarchical
agglomerative clustering to automatically partition the distribution network and then the algorithm of
distributed sequential quadratic programming for DG to obtain in parallel the optimal outputs of DGs by
the alternative internal and external iterations. IEEE 33-bus system with DGs is taken to test and verify
the proposed method. Compared with the method of auxiliary problem principle,the proposed method has
better performance and rapidity in the distributed and parallel voltage optimization of smart distribution
network.

Key words: smart distribution network; distributed generation; voltage optimization; hierarchical
agglomerative clustering; distributed sequential quadratic programming for DG



