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Table 1 Observable frequency band of inter-harmonics
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Fig.1 Amplitude-frequency characteristic of
25.5 Hz inter-harmonic phasor
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Table 6 Test results of Simulation 4( with noise)

;f)ﬁ %3/ Hz mgﬁ /A mi@;;j/ﬂ(;?
L §
ST T SO ol L T
i

14.35 14.34  0.01 10 9.91 9.87  0.90 1.30
25.30  25.31 0.01 10 9.92  9.89 0.80 1.10
30.74 30.74 0 20 19.93 19.86 0.35 0.70
66.26 66.29 0.03 10 10.10 10.23 0.10  2.30
69.26 69.27  0.01 20 20.19 19.81 0.95 095
74.70  74.70 0 10 9.93 9.89 0.70 1.10
85.27 85.27 0 20 20.08 19.86 0.40 0.70
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Table 7 Test results of actual phasor data

PR Z BRI RN fEES WWET GR(EA
A/ Hz H/Hz iR%/Hz E{H/A  FHAE/A iRE/%
25.64 25.64 0 3.39 3.62 6.78
74.33 74.33 0 6.52 6.12 6.13

H1 TS R 2R G PP JCTA R 3 5 0 3 MR L 114
FLYH R, 2 7 s PMU B35 0 Fi O 5 D £ aia
I EE RN NS A, b RS (E 0 e i
HOCIEALIE i B Ay SCHR [ 13 ] Al 4, 2450 R 73
g W] PRI N, A A B IREL A TEAS L Ay, i m] A
5.6 A IR IHORE A 2 AR 1 1 I A R (ELA
WS A, KA A SRR a3 ik [ 7 %6 [R]
1] B PMU 2 0 K50 25 47 20 B B A (9 45 R A
HHAE,

HI9E 7 ATLAE th, IR 3R 22 AR/ T L) 220w
AN, 3R] PMU o B AR o 0 572 X AR ) 5
RN, AR RE AT RRZEM L T 3.3 AR 05 it
AARA IR X EECRPUNAFAER) 2 AT
SHAHELL 25 Hz 2 A BBRIR D i = T PMU b
HEHRLE B R R R G IR (5 Hz) 5 TR G M3
PMU [ R 25 R — 2550 1 TH) SR (4
(EIEJEORE I, (HURAZ IR ZE I AN (5] 4 i 1) s 5
P,

45 VA NS b B e B0 e 4 5l U B
JIr B ) 4 D0 i DR ik AE P R R S 2 X AR A
AEXFFR AN P o5 e P 1 25 AR T, AT BE 8 B4 it
ST B 18] 34 U5 A i DR AT R, Bk 0 o A g
B,

4 g

ASCIHET PMU (A EEE , $E 0 T —Fh )i ik
IR TR #7146 B2 BORH 12 7 3 A 4
Mrig bt | RIS 40 T FFT 78 (8] 36 3 1 550 2 A
EFRET A 2, R F i 0 J 0018 1E 26 A8 I 0] 3 O
BIBIR | E— i BRI SR T R T RN
Tk ) (B I MR (B AL IE T 1% . D LR ) R e 5B
FEBAE BT 4 R AR I, T 4R AR BE RS 55 ARG i
AR R 2 G v X Bk A0 A X Bk 8] 8 0k 6 59 5% g
{8, SEPREE 7 28 40 K v AR TB) 3R O B4 W 5 T AR
M, B TSR R G PMU 4 45 BA77E — 2 iR
P53 XF ) VRS IR S DA 3 s R ) oA s 1L ) 28 i
FERE . PRI, o] 78 45 i 10 4 35 A0 % 44 v A 2 U
WG T — 2 TAE,

SE 3k :

[ 1] TR0, IS, AR els, 4. 40 Xl A= RR R4 B, A BE IR
HERRMARLGE[T]. i) A 3k ,2010,30(5) :104-108.
YU Shenhang,SUN Ying, NIU Xiaona,et al. Energy internet system

based on distributed renewable energy generation[J]. Electric
Power Automation Equipment,2010,30(5) :104-108.

[ 2 ] TERZIJA V,VALVERDE G, CAI D, et al. Wide-area monitoring,
protection, and control of future electric power networks|[ J]. Pro-
ceedings of the IEEE,2011,99(1) :80-93.

[ 3] REE J D L,CENTENO V,THORP J S, et al. Synchronized phasor
measurement applications in power systems[ J]. IEEE Transactions
on Smart Grid,2010,1(1) :20-27.

[ 4] PHADKE A G,DE MORAES R M. The wide world of wide-area
measurement[ J |. Power & Energy Magazine IEEE,2008,6(5) :
52-65.

[ 5] FEIF, 5807, Bl JE T [R50 A7 2 B v I 4R DS R

T[], W B b4 ,2012,32(1) : 1-8.

WANG Zengping, ZHANG Jinfang, QIAN Cheng. Topology error

identification based on synchronized measurements for power

network [ J |. Electric Power Automation Equipment,2012,32(1) ;

1-8.

WU H,WANG Q,LI X. PMU-based wide area damping control of

power systems[ C] // Joint International Conference on Power Sys-

[ 6

[

tem Technology and IEEE Power India Conference. New Delhi, In-
dia:IEEE,2008.1-4.

T ET S Bigdh. BE TSR B AR 1 [ VA A I T (]
HLEEA ,2014,38(7) :1989-1994.

FENG Ding, MAI Ruikun. Interharmonic phasor estimator based on

[7

[

frequency-domain model [ J]. Power System Technology, 2014, 38
(7) :1989-1994.

SRR A8 BRIET A, TF TR RS 1 3 250 AR )
FRk[1]. hE AP T R ER,2017,37(8) :2270-2278.

ZHAGN Jiayi,FU Ling, XIONG Siyu,et al. Dynamic harmonic phasor

—
oo
[

measurement algorithm considering frequency deviation [ J ]. Pro-
ceedings of the CSEE,2017,37(8) :2270-2278.

T iR, X | A5 6T 2% ORI B I B IR 4 Y 23
A HIE RS [T, W R A 31k, 2016,40(19) :37-43.
XU Quan, LU Chao,LIU Yingshang, et al. Comprehensive adaptive

—
=)
-

phasor algorithm based on Taylor series and discrete Fourier trans-
form[ J]. Automation of Electric Power Systems, 2016,40(19) .
37-43.

[10] LIU Hao, BI Tianshu, CHANG Xiqiang, et al. Impacts of subsyn-
chronous and supersynchronous frequency components on synchro-
phasor measurements [ J |. Journal of Modern Power Systems &
Clean Energy,2016,4(3) :362-369.

(1] 27 Zelmi , BRI, 45, ST UeE DFT A S8 (7] 20 i 6] i
PRI ] By A kA ,2017,37(4) : 170-178.

LI Ning,ZUO Peili, WANG Xingang, et al. Inter-harmonic detection
based on improved DFT and time-domain quasi-synchronization[ J].
Electric Power Automation Equipment,2017,37(4) :170-178.

[12] 435, WeE M, R, A BRI 57k MO B B I
WORLH[T]. AL T AR 4, 2014, 34(28) :4976-4982.
ZENG Jinfang, TENG Zhaosheng, TANG Qiu. Self-convolution de-
tection method and its application in discrete spectrum correction
[J]. Proceedings of the CSEE,2014,34(28) :4976-4982.

[13] RAR, phspk, 1. BBUIE 2 ri G TR £ B4

BrJ]. HRsh TARZAR,1999,12(1) :122-127.
ZHU Limin, ZHONG Binglin, HUANG Ren. Theoretic analysis of
amplitude correction approach using convolution of several points in
discrete spectrum[ J]. Journal of Vibration Engineering, 1999, 12
(1):122-127.

[14] fflte, TRE, AREDR , 55, B HOBUG ST Ho (B IE 1 i 8 FIAH



i60) & 0 8 % w it %

%39%

RERPIBRPESIAT (] k3 TR, 2011,24(6) :633-638.

XU Chuanyan, DING Kang, LIN Huibin, et al. Noise influence on
amplitude and phase estimation accuracy by interpolation method for
discrete spectrum[ J]. Journal of Vibration Engineering, 2011, 24
(6) :633-638.

[15] XUk, X3, #727b. PMU 5Lk s A PERE R R 5e [T ].

[

[17] ZHAN L W, LIU Y, CULLISS J,et al. Dynamic single-phase syn-
chronized phase and frequency estimation at the distribution level

[J]. IEEE Transactions on Smart Grid,2015,6(4) :2013-2022.

EEREN:

) #(1985—), B, LR E XA, B
IR, E BB R T @ R AR E 0
AR Z & A (E-mail ; hliu@ncepu.edu.cn) ;

PR (1993—), B, A Al
AR A, BB T @ A PMU Bl XK
(E-mail : 18515422011@163.com) ;

X (1973—), &, T RA, %
B BENE, EEMRE TGN RGERY B4
WAMS 2 R BF 50 A LA B fe B ) & e b 5 A 5 I 45 1 4
(E-mail ; tshi@ncepu.edu.cn) ,,

MRS 81k, 2014,38(1) :62-67.
BI Tianshu,LIU Hao, YANG Qixun. Dynamic performance of PMU
algorithm and its testing system|[ J]. Automation of Electric Power
Systems,2014,38( 1) ;:62-67.

[16] Zif— BRIk, T4, 45, B AUHLAR Ui 28 1 2R G0 %6 U ) 22 45
FROY R B HLELAE ST (0] R, 2017, 41 (6) - 1734-
1740. NS

LI Jingyi,BI Tianshu, YU Zhao, et al. Study on response characte-
ristics of grid converter control system of Permanent Magnet Syn-
chronous Generators( PMSG) to subsynchronous frequency compo-
nent[ J]. Power System Technology,2017,41(6) :1734-1740.

Inter-harmonic reduction algorithm based on synchrophasor measurements

LIU Hao',XU Sudi',BI Tianshu',GU Songlin®
(1. State Key Laboratory of Alternate Electric Power System with Renewable Energy Sources,North China Electric Power University,
Beijing 102206, China;2. State Grid Economic and Technological Research Institute, Beijing 102209, China)

Abstract; With the rapid development of renewable energies,more and more power electronic equipments are
applied in power grids, resulting in subsynchronous and super-synchronous inter-harmonics in electrical signals.
When these inter-harmonics are serious , subsynchronous oscillation will occur. Therefore ,the monitoring and warning
of inter-harmonics in real time is very important. Nowadays, there are many PMUs( Phasor Measurement Units) ha-
ving been deployed in the power system,which provides possibility for monitoring the inter-harmonics. An inter-har-
monic reduction algorithm based on phasor measurements of PMUs is proposed. The extraction method of subsyn-
chronous and super-synchronous inter-harmonics based on the complex phasor is proposed to decompose the subsyn-
chronous and super-synchronous harmonics. Aiming at the larger magnitude and frequency errors obtained by the
spectrum analysis, the idea to solve the frequency and amplitude of inter-harmonic separately is presented. The cal-
culative frequency of inter-harmonic is corrected by the energy centrobaric correcting method. Then, a correction
method for inter-harmonic magnitude based on the least squares method is proposed. The simulation and the test
based on the actual recording data of power system show that the frequency and amplitude of inter-harmonics can be
calculated accurately by the proposed method under the condition of multiple symmetrical and asymmetrical inter-
harmonics and strong noises.

Key words ; inter-harmonics ; phasor measurement unit ; Fourier transform ; energy centrobaric correcting method ; elec-

tric power systems



