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Fig. 1 Schematic diagram of synchronous vector

measurement based on GPS
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Fig. 2 Principle diagram of PMU device
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Fig. 3 Structure of a regional power grid in Hami
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Fig. 4 Contact line A phase voltage waveform of wind

collecting area I
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Fig. 5 Contact line A phase voltage waveform of wind

collecting area II
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Table 1  Transient voltage of wind power collection area I with

different algorithms

. g AFHERD: (1%
B \ o ;. 5 /%
% HURAV Ml
Ba 67.94 83.56 2.14
Bb 67.85 83.74 1.08
FFT
Be 68.03 83.75 2.07
Bd 67.34 83.90 0.96
Ba 67.95 83.76 2.25
Bb 67.76 83.56 1.13
HHT
Be 68.02 83.83 2.09
Bd 67.36 86.54 1.02
Ba 67.94 83.70 2.21
Bb 67.74 83.40 1.13
SWT
Be 68.02 83.80 2.09
Bd 67.35 83.90 0.98

F2 AREETRBLEIXESEE
Table 2 Transient voltage of wind power collection area II

with different algorithms

ik E%%% A ML l‘ﬁJL&%iB’i .
E23 HL R/ V 43it/Hz
Ce 68.02 83.78 1.85
FFT Cf 67.87 82.60 4.71
Cg 77.26 83.87 2.02
Ce 68.03 83.80 1.90
HHT Cf 67.88 71.70/82.61  0.51/4.78
Cg 77.28 83.91 2.05
Ce 68.03 83.80 1.90
SWT Cf 67.88 71.70/82.60  0.51/4.75
Cg 77.28 83.90 2.04
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Fig. 7 Contact line A phase current waveform of the wind

collecting area II
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Table 3  Line current of wind power collection area 1 with

different algorithms

AFHFED: [T
N S PR 25 . 5 /%
HLT/A 43 /Hz ’
Ba 1.22 83.70 11.14
Bb 25.03 89.90 10.08
FFT
Be 9.95 83.75 12.07
Bd 33.62 83.90 4.56
Ba 122 83.76 12.25
Bb 25.05 89.90 10.73
HHT
Be 9.96 83.83 13.79
Bd 33.63 86.54 4.92
Ba 1.22 83.70 11.59
Bb 25.04 89.90 10.63
SWT
Be 9.96 83.80 13.73
Bd 33.63 83.90 479

x4 FEEETRAEILE [ REAKLKER
Table 4 Line current of wind power collection area I with

different algorithms

. E#% Aﬁ%iﬁ [T I e
24 FHL /A 41t /Hz
Ce 28.38 83.81 27.35
FFT cf 9.77 82.60 72.37
Cg 8.25 83.90 8.82
Ce 28.40 16.20/83.80  2.28/27.61
HHT  Cf 9.78 28.70/82.61  1.04/72.38
Cg 8.25 83.91 8.90
Ce 28.38 16.20/83.80  2.24/27.49
SWT cf 9.77 28.70/82.60  1.03/72.37
Cg 8.25 83.90 8.89
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Table 5 Positive-power oscillation of on-grid

Qpl] Yyl st A RGN
Fey s ST mww EMw
a MR 0 1
b =™ 1.25 0.60
I X
c TR 0.42 0.40
d ™ 0.65 0.45
e AL 1.24 0
X f LM 0 1
g L 0.30 0

LEA TR 1~3 4 W11, BT I 8 PMU 228 5% I
1)l , 26 S EE T I AEAE LY 83 Ha 1 [] 25 ] 15 D
gyie WHUEAE T I IXAFAEZY 83 Hz AR [R] 25 [H] 1
Gy R R T AN

D) & 3 i AR ZE 4 43 B m] i i 8 R AE T
I X RGN G HE . T IX 220 kV JC4EuE B HiIK 2
if 111X 220 kV AR uG C JFH ATTIX 220 kV 2RI D,
H DO PR 8 L /N T 3, R D SR A R S R PR 2%
AR LT F XL 2 AR UL TR & 34544

2)TERRGE XL Ty AT SRS )ik
BRI 2 ol T XU R B R L S AL g H
I F, R 22 [] AR AN (] 25, 728 i s oy 7 2 (B i, HLHS
2 il 1] X 80 Hz BT 1) (B 15 9 HL AT KA E o

3) H T HL g H - PR e R | 2 A KU 37
TR SVC 5 SVG %% & 24 v L S 153 171 5 v 24 80 Hz
V14 T DB 73 W (L o 42 ] [ 3% 114 v ORI, i — 25
e

H T 16.20 5 83.80 Hz H. AN FHEAHNNA 100 Hz) |
28.70 5 71.70 Hz i WL B &b, B AT AT A A2 — i A
A, A 1 2 A KA X AR 2 FR R AR
B (A0 16 F1 28 Hz) o L5503k 1~3R 5 Al AL,
SWT B BAE S FET HHT 83k %) e 5 ELAT &1y
BEE, S5 IR A BOR MR R B, SWT SBEAT AT 34y
R (B B — PR B, KUHL 3 R [R) 25 4R 5 X 0 2
AR AT — 8 R, S Dk glvt e AR E MY
s BT AR R PR AR T

4 & i

W7 kR G AR I 5L 58 K 1 R HLBL
LA HE 35 A 5 X 1, XA T B b X 7 22 Fh 25 780 14 XL
HLALAL , I8 2 9 R A5 4 R it 13kl R BORHL
BRI JE A6 (R TR 26 035 [l BB S 2% . AR SR 1)
UK [R5 9% 35 A0 52 O v AN B R -5 AR A6 XU A [R) 25
P35 A 75 1E— 20 T, S A XA PMU 8 9 ek
TERMINRESEE , A IRAT PMU 25 8 S 30 %0 JXUHE Y4 1
st 8dE 215 B 5 65 B AZ H MeIF R H 43 B
PR A THR G R A v R | L e (B S - A ) [ 2
X et BIAT 8 2 R TR 25 B35 10 14 16 645 | BE AL 4 1 [
DA B35 e Y, AT Ay AR T A b X [ 25 I 37 (A AT 5
KA BT S o BT AR A & A AR S iR
i I, AR SCERAAE 4 53R B i -

1) RS AT AIL 1 ol A Hi -5 0Lt P T i e 22 (1]
AR 22 5 AR A 2 7 A AL I8t , LA 37 e 110 42 it [
BEXT 80 Hz BT M 38 i BAT BORAE R, U R MLAE I
B RN V1) S O AR i g I A T RS

2) K I I3 1% SVC 5 SVG, i1 TH T F K
P R R A SR R R (9 2 45 1R 80 Hz BRI 1] 3
W A7 F AR B R L B o [ g vy v R AR R, IR 4
SVC 5 SVG #4523 %t 80 Hz [ 3T 7] 155 9 43k i 1 B
B RAER . FrLA SVG 5 SVC A= 7= ) 5 g 58 ik
S5 I B U g Y BN R AR B, e s il e, 20
X} 80 Hz BHT ()i Toi o RAE T, 4 BCE il VR o

3)M T 1 IX 220 kV ICAEuT B B4 TIX 220 kV
A C ALK 220 kV Z5HL b D, bl R 4225 4
W R R, RGOS R AR LR T
NG HREE T s — R AR KU A o B B4
AL A B

4) K T L T A R I TR RE IR A il T
MG E L0 SUNEAERIC AR 75 I FRS B 5 5 Dife
L N B R W N I A B w5 N i N T it =/ | I B 2
T Wa e B ) RE T

Bt 0 e R g 9 B P s | T R R e R
Ty A R R AL 5 2w B A A ST ] Sl Kol S 42

(5% 30k ]

(1] HWMT, ke, mAR, % 2] SRR X 2
PR NG SRR fToE ) ] b ERR . ok
Bl 2013, 43(8): 930-942.
XIAO X N, ZHANG J, GAO B F, et al. Simulation and



134

XIPESCAR s HET SWT AL IC e DXCAE [R]204iR3% PMU B 25 s i 73-#r

223

(3]

suppression measures of frequent low amplitude
subsynchronous oscillation in multi power plant[J].
Science in China: technology and science, 2013, 43
(8): 930-942.

HSE5], EmG, A, 55 BRI LR
RT3 S5 AL 2R 08 55453 00 52 ey 64 RIS R A [0 . K
BHAE4E, 2017, 38(3): 586-592.

TIAN K Y, WANG P, HAN X Q, et al. Reliability
of wind turbines shafts sub-

analysis caused by

synchronous oscillations during power system faults [J].
Acta energiae solaris sinica, 2017, 38(3): 586-592.
MORTENSEN K, LARSEN E V, PIWKO R J. Field
tests and analysis of torsional interaction between the
coal Creek turbine-generators and the CU HVDC system
[J]. IEEE transactions on power apparatus and systems ,
1981, 100(1): 336-344.

HT, B, B RTREIR A ) RGN LR
LA LRIR T ], B THOR AR, 2017, 32(6) : 85-
97.

XIAO X N, LUO C, LIAO K Y. Review of the research
on subsynchronous oscillation issues in electric power
system with renewable energy sources [J]. Transactions
of China Electrotechnical Society, 2017, 32(6): 85-97.
I AEE BT, HOT, AF R R R R R ST R
IR ) A5 5 BEL e #8592 BT ). s
HA, 2010, 36(2): 501-506.

GAO B F, ZHAO C Y, XIAO X N, et al. Design and
implementation of additional subsynchronous oscillation
damping controller for HVDC transmission system [J].
High voltage engineering, 2010, 36(2): 501-506.
P, TREC, JRRAR. # R IO M K AL
WIRAEAR G R R [T ] A, 2003, 27(1)
1-4.

LIUHT, XU Z, ZHOU C C. A study on synchronous
oscillation of generator set connected to static var
compensator [ J]. Power system technology, 2003, 27
(1): 1-4.

SER T, WARR. ) R GRS AR UK TR 2D R 5 1Y
S AL BESELT ). b E AL TR 4R, 2011, 31
(22): 56-63.

WU X, JIANG P, HU T. Impact of power system
stabilizer on
mechanism [J ]. Proceedings of the CSEE, 2011, 31
(22): 56-63.

EHR , Az Bk, T 1]l U 0 3 B D 3 D
BRI LT ], T HOR AR, 2011, 26(1): 183-190.
HUI J, YANG H G. Harmonics and interharmonics

subsynchronous  oscillation and its

(9]

[10]

(11]

[12]

[13]

[14]

[15]

[16]

separate: Detection method based on estimation of

leakage  values  caused by  interharmonics [J].
Transactions of China Electrotechnical Society, 2011,
26(1): 183-190.

HUANG N E, SHEN Z, LONG S R, et al. The
empirical mode decomposition and the Hilbert spectrum
for nonlinear and nonstationary time series analysis
[J]. Proceedings of the royal society A: mathematical,
physical and engineering sciences, 1998, 454 (1971) :
903-995.

XL, 2k, HER IR, G5, BEF PMU AH YU/ [R] 25
RIE DR L L) ] -RIEAR, 2017, 41(10) : 3237-
3243.

LIU H, LI 'Y, BI T S, et al. Subsynchronous and
supersynchronous inter- harmonic identification method
based on phasor measurements [J]. Power system
technology, 2017, 41(10): 3237-3243.

BITS, LIJY, ZHANG P, et al. Study on response
characteristics of grid-side converter controller of PMSG
to  sub-synchronous component[J]. TET
renewable power generation, 2017, 11(7): 966-972.
TR, P, N, AR BB XL 28 B AT R 5
U] A Ik G LB 2R A [0 ). AL E R, 2013, 37
(11): 3073-3079.

LI R, LU Y, LIU H L, et al. Mechanism analysis on

subsynchronous oscillation caused by grid-integration of

frequency

doubly fed wind power generation system via series
compensation[] 1. Power system technology, 2013, 37
(11): 3073-3079.

R, EEMS, NI, AR RIS X HL 3 22 MMC-
HVDC Ff 9 #9 U [ 20 9 3% B HoAm ikl ) ). v E R LT
P44, 2015, 35(19): 4852-4860.

LYU J, DONG P, SHI G, et al. Subsynchronous
oscillation and its mitigation of MMC-based HVDC with
large doubly- fed induction generator- based wind farm
integration (1. Proceedings of the CSEE, 2015, 35
(19): 4852-4860.

JBE , A, HRASAT , A AR KU 3 1 [ A0 4k
Yol ]. I, 2015, 36(4): 95-103.

GU W, XU M M, SHAO M Q, et al. Subsynchronous
resonance of large-scale wind farms [J]. Electric power
construction, 2015, 36(4): 95-103.

ZHANG Y C, MARKHAM P, XIA T, et al. Wide-area
frequency monitoring network (FNET) architecture and
applications [J]. IEEE transactions on smart grid,
2010, 1(2): 159-167.

WA, TWRE, JH%:, % 3T WAMS &£ i



224 XK FH fie S I 41%
ARG LB AT L) ], B &2 88 A sl ik, 2009, 33 2010.
(23): 24-28. (18] sKEUR, VEAME, THItE, 5 HF ARBERIFH S 250

YANG D J, DING J Y, ZHOU H, et al. Mechanism an
alysis of low- frequency oscillation based on WAMS
Automation

measured datal]]. of electric power

(AR IMAIT L) . H TR, 2010, 25(7): 144-149.
ZHANG H J, WANG Y H, WANG Y T, et al. Power

system interharmonics analysis based on autoregression

systems, 2009, 33(23): 24-28. model [J]. Transactions of China Electrotechnical
[17] JTHRHE. PMU B FH T DI R A5 5 e R W i) Society, 2010, 25(7): 144-149.
W5EID]. B BilEAgE R, 2010. [19] DAUBECHIES I, LU J, WU H T.  Synchrosqueezed

WAN L L. Research of applying PMU to the regional
power grid protection and stability monitoring in voltage

stablity [D]. Shanghai: Shanghai Jiao Tong University,

wavelet transforms: an empirical mode decomposition-
like tool[J].
analysis, 2011, 30(2): 243-261.

Applied and computational harmonic

ANALYSIS OF NON-SYNCHRONOUS OSCILLATION BASED ON
SWT AND TRANSIENT WAVE RECORGED DATA OF PMU IN
WIND FARM INTEGRATION AREA

Liu Bowen', Zhang Xinyan'?, Chang Xiqiang®’, Li Guoqing’, Di Qiang', Xue Zhong*
(1. School of Electrical Engineering , Xinjiang University, Urumqi 830047, China; 2. Engineering Research Center of Education
Minisiry for Renewable Energy Power Generation and Grid Technology, Urumgqi 830047, China; 3. Xinjiang Communication Center for Power
Dispatching , Urumqi 830002, China; 4. Nanjing NARI-RELAYS Electric Limited Company , Nanjing 210000, China)

Abstract: Considering the influence of non synchronous oscillation on the safe and stable operation of the power grid, a
method combined method of transient wave recorded data of synchronous phasor measurement unit (PMU) and based on
transient recording and synchrosqueezed wavelet transform (SWT) was proposed to analyze the problem of non synchronous
oscillation. Firstly, the structure of PMU device and the principle of SWT were introduced. Secondly, the SWT algorithm
was used to do the continuous wavelet transform of the power signal containing interharmonics, divide the frequency range,
solve discrete synchrosqueezed in time-frequency domain and extract signals of harmonic, inter harmonic and fundamental
component. Subsequently, transient voltage, tie line current and positive-power distribution of on-grid were analyzed by a
non synchronous oscillation that were analyzed in wind collecting area of Hami. Finally, several controlling measures were
proposed based on the non synchronous oscillation problem of this example.

Keywords: wind farm integration area; synchrosqueezed wavelet transform (SWT) ; phasor measurement unit (PMU) ;

non synchronous oscillation;; transient state



