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Subsynchronous harmonic phasor detection in a renewable energy grid-connected system

HUANG Xingyu', LUO Pingping', GONG Jinxia', XIE Linyu', YANG Chungi’
(1. School of Electrical Engineering, Shanghai University of Electric Power, Shanghai 200090, China;
2. College of Electronics and Information Engineering, Tongji University, Shanghai 200000, China)

Abstract: The subsynchronous harmonics generated by a renewable energy collection area will affect the safety and
stability of a power grid, and the harmonic detection accuracy of the traditional Fourier algorithm is easily affected by
spectrum leakage and the fence effect. In order to improve the detection accuracy of subsynchronous harmonics, a new
algorithm based on the Nuttall window and all-phase Fourier analysis (apFFT) is proposed. By dividing the sampled data
into N segments and adding 4 terms 5 orders Nuttall windows twice, the pre-processed N-point data segments are obtained
and FFT is performed. Further, based on the square relationship of amplitude between apFFT and traditional FFT and the
“Phase invariance” of apFFT, the apFFT spectrum analysis results of amplitude and frequency are corrected. Compared
with the eigenvalue analysis method and the interpolation correction FFT method, this method improves the accuracy of
subsynchronous harmonic detection while maintaining the speed of FFT. The simulation results verify the effectiveness of
the proposed method.
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Table 1 Signal parameter

B 1 2 3 4 5
AL/ V 0.07 0.65 1 0.4 0.05
A% Hz 27 36 50 74 95
AHAL/) 20 10 15 60 70
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Table 2 Amplitude estimation result of broadband measurement

i Tkl T2 53 ik 4
1 9.65x10™  1.01x107° 4.54x107 5.10x107
2 534x10™*  6.31x107° 3.42x1077 1.05x1078
3 1.43x107*  4.08x107° 2.34x107 3.34x107
4 226x107*  1.73x107° 1.10x1077 1.65x107'°
5 787107 1.32x10™° 8.37x107 1.71x107'°
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Table 3 Frequency estimation result of broadband measurement

B Jiik 1 Jiik 2 Ji: 3 ik 4
1 657107 4.09x10°  1.79x107  221x107*
2 7.19x107° 145107 7.64x10°  3.37x107°
3 3.25x10°  3.05x10°  2.15x10°  2.57x107"
4 486x10*  639x107  4.09x10°  523x107"
5 6.55x10°  2.41x10°  1.58x107  8.88x107"
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Table 4 Phase estimation result of broadband measurement

i Tk Tk 2 Tk 3 Jiik 4
1 3.51x10°  351x107°  5.80x107%  2.98x107"
2 9.11x107"  9.11x10™M"  2.51x107 5.86x107™
3 8.42x107%  842x1072  6.22x107"*  7.10x107"
4 8.03x107"  8.03x107™"  227x107®  1.14x107"
5 1.68x107"°  1.68x107°  5.97x107"  1.85x107"
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Table 5 Harmonic parameter of each order

I/ 1R T R IEAE/V FHAL/)
0.2 1.4 393
0.4 6.3 445
0.6 1 1223
0.8 55 60.0
1 220 30.0
2 16 75.5
3 32 20.0
4 12 1432
5 40 883
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Fig. 2 Amplitude error distribution when frequency fluctuates
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Fig. 4 Amplitude estimation result with noise



_42- @A &R B R

0] s -
+FiE—
- Lo
& &
W 100 & e
. &
® 20t
:{3
10°® ) = 10710
0 30 s 100 150 200 250 Lo S
SRR /Hz, 10 20 30 40 50 60 70 8 90 100
5 RE TSR e e
Fig. 5 Frequency estimation result with noise 9 FREMBEMELLT 0.4 R EEFEAIEITER
Fig. 9 Phase estimation result of the 0.4 interharmonic
10% under different SNR
e 1N [P 4—F O TTBLF 1, A RGNT I,
§N+‘”\ AT IS BRI B2 B 25 0T 5 A%
g 10 FERR e o EE Iy, Ty VA 52 21 W 75 PR SR 5
o Lo W, AT R s 7E
N - NG SO AT IR,
o 30 50 1%@@5 200 2% %%ﬁ%%%%k@@%ﬁﬁ%%%,%ﬁﬁﬁi
6 MR THEGIfA TR AL, il ‘2~3b/]\%&§é&;1ﬁﬁ%sfi%% ZIKI
Fig. 6 Phase estimation result with noise % Hj A& 5 Hbﬁé&?m—fﬁ” '%/ﬁﬁ SR Xﬂ‘lﬁ:‘.’*/}}i%ﬁ
FrIKs BE R, ELAFDN R 22 B AR T A %
oo N F1 T ASCHR 5 =R T apFET I8
' Rl 25 R 5 AL 58 FFT IR A S5 RIF IR R, %
=07 S PRTE M M P BT HRAR BN, BRI T LA %
NG S 2 IR0 2% BT 1M T B XA
% W IESEA ] T apFFT AL A THEE R, AR A 58
2 oo N MR I R R ORI T
Tl T VA Yt s AT P TP PE BE AR 4 T 5 By
%0 20 30 40 50 6 70 s 90 100 Nuttall &, FIUICA SRR R oy S50
fFHREL /aB 3 DL i U I 73 AR RE AR I AR v A 2 0k
B 7 RREIEMELLT 0.4 % 8K IEE G155 R o
Fig. 7 Amplitude estimation result of the 0.4 interharmonic 4 & i«/t\.

under different SNR

B0 LI 2K )0 TR A B A ) B, A SCHEH
1Ty DA ek R R U e B R YK ) A R
37100 AZITIRAER, RAEH /) Bpiak 1 )5
AT NG A e, by, ARYEAE S R SR
FINAOL ZESEAL I, LAk D4 A S e
RS L o AHEE T oAl 75, ASCER B 74
PRAFDRIZAE () [F] I EAT 5 e B S HOR R B . AR S
| - - VA B A B A A Pt R AR 10
10 2 30 40 50 60 0 80 90 100 SHATINE L, PIASSCHR R B 7 T AN T

{5 /dB A
IR ARG A .
B8 REEBILT 0.4 RIEERAEE AR .
SR

. 8 Frequency estimation result of the 0.4 interharmonic
under different SNR (1] R am, =2, mAsE, . JRIFATS AU B KA

BFEAARRZE %

Fi

=
4]



ST, AR

B RENE I R S D I R A 7 ik

- 43 -

(2]

(3]

(4]

(5]

(6]

(7]

(8]

SR HUBE SR A [I]. T E AL TR AR, 2018,
38(24): 7215-7225.

ZHAO Shugiang, LI Ren, GAO Benfeng, et al. Analysis
of mechanism and characteristics in sub synchronous
oscillation between PV and weak AC networks[J].
Proceedings of the CSEE, 2018, 38(24): 7215-7225.
BRIk, fLACK, HALE, A5 KRB AME P R
AP e 0], R A SEAR R, 2012, 27(1):
10-15.

BI Tianshu, KONG Yongle, XIAO Shiwu, et al.
Subsynchronous oscillation problems in large-scale wind
power transmission[J]. Journal of Electric Power Science
and Technology, 2012, 27(1): 10-15.

TANG Haiyan, LU Guofei, YU Xiao, et al. Investigating
SSO risks of large-scale photovoltaic generation with the
series compensated transmission lines[J]. The Journal of
Engineering, 2017, 17(13): 2048-2052.

0, EH, RGUH, 45 KUKHRZEL HVDC 14 fL5 i
B ARIRBITILI]. L THARZAR, 2017, 32(6): 115-122.
LI Kuan, WANG Jun, ZHAO Binchao, et al. Shafting
vibration research of wind power and thermal power
bundle supply through HVDC[J]. Transactions of China
Electrotechnical Society, 2017, 32(6): 115-122.

SR, R, A, A AR IR D RS
IR i/ P ) L 23 M MR [0, 7 7 R OR,
2018, 12(8): 1-7.

ZHANG Fan, HONG Chao, HUANG Lei, et al. Analysis
and suppression of sub-synchronous resonance/oscillation in
a typical AD/DC power system[J]. Southern Power
System Technology, 2018, 12(8): 1-7.

L RS A, — MR R R NI Z S {E FFT 1 )
W AT ED]. W RGPS, 2019, 47(11):
9-15.

HUA Min, CHEN Jianyun. A high precision approach for
harmonic and interharmonic analysis based on six-
spectrum-line interpolation FFT[J].
Protection and Control, 2019, 47(11): 9-15.

EKE, mE, R, AR ETEE R R E
W& 9 70 42 W I Fis v [3]. W R4 B34k, 2011,
35(6): 98-102.

WANG Maohai, GAO Xun, WANG Bei, et al. Online

early warning of subsynchronous oscillations based on

Power System

wide area measurement system[J]. Automation of Electric
Power Systems, 2011, 35(6): 98-102.

XU, Ak, AT, & KFERPIRS I R 5
IR S SR, W REGRY S5, 2018, 46(2):
131-136.

LIU Geming, BAI Yang, REN Zuyi, et al. Research and

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

implementation on monitoring and controlling system of
sub synchronous oscillation[J]. Power System Protection
and Control, 2018, 46(2): 131-136.

WRIPE, BERE, XIEEP, 4. it Prony BIEHEIN
SRR AN SR BIX R I IR B S 5], RS
H AR, 2015, 27(1): 63-67.

PENG Liping, WEI Hui, LIU Guiping, et al. Detection of
subcynchronous resonance caused by series capacitive
compensation based on improved Prony[J]. Proceedings
of the CSU-EPSA, 2015, 27(1): 63-67.

BREH, AR5E, TKAUR, 45, JET FastICA-MP 57k
KA PRGBS S BOER ). B RS RS S,
2018, 46(8): 37-42.

ZHAO Lanming, LI Kuan, ZHANG Youquan, et al.
Parameter identification of subsynchronous oscillation
based on FastICA-MP algorithm[J]. Power System
Protection and Control, 2018, 46(8): 37-42.

B, DGR, R R T OGRS e s LI
FG RG], MR, 2012, 36(4): 128-132.

LI Kuan, LI Xingyuan, ZHAO Rui. Detection of
subsynchronous oscillation in HVDC transmission
system based on improved matrix pencil method[J].
Power System Technology, 2012, 36(4): 128-132.

JKEE, EYEIR, BRATIL, A%, KHUASXHL I W4 X 2 [
SO R U7 VR [I]. s R LR, 2019, 45(7):
2194-2202.

ZHANG Chao, WANG Weiqing, QIU Yanjiang, et al.
Subsynchronous harmonic detection method in regions
with large scale wind power paralleled in grid[J]. High
Voltage Engineering, 2019, 45(7): 2194-2202.

BN, A, ke, A ) RS R A R )
T BAH AN T k] RO R4 B Bk, 2016,
40(21): 189-194.

XIE Xiaorong, WANG Yin, LIU Huakun, et al. Detection
method for sub-synchronous and super-synchronous
harmonic phasors in power system[J]. Automation of
Electric Power Systems, 2016, 40(21): 189-194.

WANG Yifei, LI Yunwei. A grid fundamental and
harmonic component detection method for single-phase
systems[J]. IEEE Transactions on Power Electronics,
2013, 28(5): 2204-2213.

EkHE, SR R RGIR ARG 7 DA 2
R SIL]. RS ABIE, 2016, 40(18): 149-154.
WANG Maohai, QI Xia. Fast online detection method for
power system sub-synchronous oscillation components[J].
Automation of Electric Power Systems, 2016, 40(18):
149-154.

W, SRIEW], EH, SRR TR L AR e A



-44 - €04 HEP DM
SR T ) RGP SR, 2011, 39(11): shift phase difference correcting spectral method[J]. Journal
38-43. of Tianjin University, 2008, 41(7): 815-820.

XU Yan, ZHANG Xiaoming, WANG Yu, et al. A new (23] MR, FIRME. A DFT i ik 5 K e
method of spectrum analysis based on DFT[J]. Power AR R IE AN [J]. REEK 2524, 2007, 40(7):
System Protection and Control, 2011, 39(11): 38-43. 574-578.

(170 SRARZE, Bk AT, BMErh. WL RGBT 1 ik HUANG Xiangdong, WANG Zhaohua. Principle of
B FFT 504[3]. 1 B AL THRE244E, 1999, 19(3): 63-66. all-phase DFT’s restraining spectral leakage and the
ZHANG Fusheng, GENG Zhongxing, GE Yaozhong. application in correcting spectrum[J]. Journal of Tianjin
FFT algorithm with high accuracy for harmonic analysis University, 2007, 40(7): 574-578.
in power system([J]. Proceedings of the CSEE, 1999, 19(3): [24] &3, Eedndz, A%, FINEIGE FFT K J7iEs
63-66. N PR —— (D) & R B FUI]. HTHARY R, 1994,

(18] HHA=W, BRWIEL. b Amut it s ) — b 1 38 BR A S 9(1): 50-54.

YLD B RS AL, 2002, 26(7): 55-58. PAN Wen, QIAN Yushou, ZHOU E. Power harmonics
MA Renzheng, CHEN Mingkai. An adaptive sampling measurement based on windows and interpolated FFT (I)
algorithm for reducing spectrum leakage[J]. Automation study of windows[J]. Transactions of China Electrotechnical
of Electric Power Systems, 2002, 26(7): 55-58. Society, 1994, 9(1): 50-54.

[19] A0, B4, WHIJC. Hanning FAEFRE MLIL/E I B [25] W3¢, thanrz, M98, BT INEMHE FFT K8
AT IR ], TR AAR, 2009, 24(2): 164-169. PR (TG FFT BR ). T HAR YR, 1994,
WEN He, TENG Zhaosheng, QING Baiyuan. Hanning 9(2): 53-56.
self-convolution windows and its application to harmonic PAN Wen, QIAN Yushou, ZHOU E. Power harmonics
analysis[J]. Transactions of China Electrotechnical Society, measurement based on windows and interpolated FFT (II)
2009, 24(2): 164-169. dual interpolated FFT algorithms[J]. Transactions of

[20] fEIEfE, EIME, #e. AU DFT - uEi 2 China Electrotechnical Society, 1994, 9(2): 53-56.
THSSEHII]. PSR, 2003, 31(4): 1-4.

HOU Zhengxin, WANG Zhaohua, YANG Xi. Design and HSZ#%E,H}%: 2019-08-02; fZEIHAR: 2019-09-20
implementation of all phase DFT digital filter[J]. Acta HE%S_{I\H - . o o s
Electronica Sinica, 2003, 31(4): 1-4. REF 19957, A, ‘ﬁ'ﬁa/ﬁ?%" LR L, HAT

[21] TUNTISAK S, PREMRUDEEPREECHACHARN S. 7 A RE) 55 SR AT, B RGN,
Harmonic detection in distribution systems using wavelet E-mail: 592860862@qq.com
transform and support vector machine[C] // 2007 IEEE THE1969), &, SIHK, AAFTEOALHELE
Lausanne Power Tech, Julyl-5, 2007, Lausanne 2h4%; E-mail: 147824260@qq.com
Switzerland. ZAE (1984—) , Jo, HHIF, AF5T T @) A & /) & 4 FACTS

[22] TEFHZR, TR, A ARGL I B A AL 2 S0 A IE (). B A ) £ Gt F . E-mail: jxgong2015@163.com

TR 4R, 2008, 41(7): 815-820.
HUANG Xiangdong, WANG Zhaohua. All-phase time

(R4 #o )



	DOI: 10.19783/j.cnki.pspc.190942 
	新能源并网系统次同步谐波相量检测方法 
	Subsynchronous harmonic phasor detection in a renewable energy grid-connected system  



