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Fig.1 Block diagram of harmonic analysis based on ANF
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Tab.1 Influence of frequency fluctuation on
dielectric loss angle measurement

¥ s HAH/ FHXF R 22 /% ANF % %}
WA /Hz  rad  Hamning 8 TSCW ~ ANF P22 /rad
49.8 0004192 380  0.138 23100x10° 9.6836x10*
49.9 0004201 214 0.127 24156x10° 1.0148x107
500 0.004209 024  0.114 2.4891x10° 1.0447x107
501 0004217 238 0.099 2.5599x10° 1.0795x107
502 0.004226 475  0.083 2.6356x10° 1.1138x10”
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Tab.2 Influence of harmonic content on
dielectric loss angle measurement
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T/ % PR 22 /rad W2/ % "% /rad RE /%
0 3.09x107° 428x10° 1.4799x107 3.5019x 107
2 4.77x107 4.73x10° 6.0417x10% 1.4296x107
4 5.04x107° 5.14x10° 7.0304x10° 1.6636x107
6 6.41x10° 6.33x10° 2.4389x107 5.7712x107
8 7.22x10° 6.97x10° 4.6036x107 1.0894x107
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Tab.3 Influence of its actual value variation
on dielectric loss angle measurement
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rad FRUfEZ /rad R 2 /rad W2/ %
0.004 4.00x107° 9.6363x107° 2.4090x 107
0.008 449x107° 6.8094x10° 8.5117x10*
0.012 4.29x107 1.4702x107 1.2252x107
0.016 3.26x10° 2.3091x107 1.4432x107
0.020 3.82x10° 1.4916x107° 7.4580x107

45 ESYIEAZEANTHRANENZT
YA Bl IO SR SRR I | 450 I R 2
SHEE MM MMARLL, % 4 50 T R
& 4 VIAATAX IR AN E R

Tab.4 Influence of initial phase angle on
dielectric loss angle measurement
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B /rad B2 /rad B /%
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- 37708x10°  8.9229x10°
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Tab.5 Influence of white noise on dielectric
loss angle measurement

o ackman-Harris 74 % X
i st e T
20 249x102  4.9548x10"  11.7246
40 3.17x10°  12715x10*  3.0088
60 371x10%  1.4089x 10 3.3339x10"
80 442x10°  1.2245x10° 2.8975x10"!
100 370x10°  6.1437x10° 14538x10"
5 it

Zeid 5 EACE | 7S ST ik I vk A 0 R R R R A
TUAME R —LE BT 50 A B bt | 17 A5 R R W] ANF fE
A REBR A FL I IR R AR D AR R | Y
S TR e 3 ) R R R RO AR Y 4R B Ry ekt AR
G B AT A A B AR AR TR R AR A
ANF HW 5 70 A i A2 A A D 8l W T4 I
TR Ty S T W R ROR 7RI R BT
PAFE ) — 2807 R i 1 1~2 R,

SEH .

(1] BBren Bl WIS RS 55, LR MRt i T A BB FE 7R 28
Kb (¢ B2 [T ). w5 L 4, 2001,37(6) : 1-3.
HUANG Xinhong, LIAO Ruijin,HU Xuesong,et al. Application
of the synthetic relative measuring method in on-line monitoring
of dielectric loss factor[J]. High Voltage Apparatus,2001,37
(6):1-3.

[2] %230, FET UGN AT BRI (] "R 2009, 33
(19):195-198.
YAN Xuewen. Digital dielectric loss measurement based on im-
proved harmonic analysis method[J]. Power System Technology,
2009,33(19):195-198.

(3] IR AR JE . Ak A B e A Ik T R A B I Ak P RS ().
HIR T BEBEAR : A ARAT,2007,21(5) :47-50.
YANG Xiaodong, TANG Chao. Application of improved harmonic

analysis method in measuring dielectric loss of capacitive

equipment [ J ]. Journal of Chongqing Institute of Technology :
Natural Science Edition,2007,21(5) :47-50.
(47 BAF5 1 BRECHE RAEE S5, A TR M R BCT R ()], AR
KREZM, AARIANT, 1996,36(9) :51-56.
ZHAO Xiushan,TAN Kexiong,ZHU Deheng,et al. Study on dig-
ital measurements for dielectric loss angle[]J]. Journal of Tsing-
hua University:Science and Technology,1996,36(9):51-56.
[5] SAEER, o AP R A AR R W R 1 o8 5% 0T (D], it
T Tolk 2% 2010.
DAI Zhengwu. Study and design of online insulation monitoring
system for HV capacitive equipment[D]. Hangzhou:Zhejiang Uni-
versity of Technology,2010.
TR, SRR A A 5T R A 0 43 A 20 2 W TN O Bt AR 1
FE[D]. BT Tl K2, 2010.
SHEN Xianging. Research on key techniques for distributed on-

—
=)}
—

line monitoring of dielectric loss angle of capacitive equipment
[D]. Shenyang:Shenyang University of Technology,2010.

(7] 55 At e, A, 3k 0 BT i A S 400 RE DR R0+ 1 1% 22

ST [J]. TR, 2002,17(3) :67-71.
SHANG  Yong,YANG Minzhong, WANG Xiaorong,et al. Error
analysis for the dielectric loss factor measurement based on
harmonic analysis [ J ]. Transactions of China Electrotechnical
Society,2002,17(3) :67-71.

(87 PINAN SC, W WA IR SR M. 7 P B A B4 A A7 6 2 M 0 o i 1 3

EE (1], B RS A 31k ,2004,28(3) :67-70.
SUN Heyi,PU Zhaobang,NIE Peng. A new interference reduc-
tion method in dielectric loss tangent on-line monitoring for
capacitive equipment [J]. Automation of Electric Power Systems,
2004,28(3):67-70.

(9] ALTE ST, o XA A A, BT P35 N R I8 D8 D a1 B D 5 3 D
A R[] IR A I ,2011,35(16) :66-70.
REN Xuhu,MA Shuai,ZHAO Rende,et al. ANF-based funda-
mental-frequency and harmonic active power respective measure-
ment [J]. Automation of Electric Power Systems,2011,35(16):
66-70.

[10] MOJIRI M,KARIMI-GHARTEMANI M. Estimation of power

system frequency using an adaptive notch filter[J]. I[EEE

Transactions on Instrumentation and Measurement,2007,56(6):

2470-2477.

MOJIRT M,KARIMI-GHARTEMANI M,BAKHSHAI A. Time-

domain signal analysis using adaptive notch filter [J]. IEEE

Transactions on Signal Processing,2007,55(1):85-93.

MOJIRT M,BAKHSHAI A R. An adaptive notch filter for fre-

quency estimation of a periodic signal[J]. IEEE Transactions

on Automatic Control ,2004,49(2).314-318.

WA B B JET =0 A BT f A U R Sk

KR )]. TR ,2010,25(7) : 192-198.

WEN He,TENG Zhaosheng,ZENG Bo,et al. Dielectric loss

[11

[

=
)
—

[13

—

angle measurement algorithm and application based on triangu-
lar self-convolution window[J]. Transactions of China Elec-
trotechnical Society,2010,25(7):192-198.

PRy %, ZE W] Blackman-Harris % 1 {8 5 3% 05 &
MM E )], mHRESAR 2007,33(3):104-108.

XU Zhiniu,LU Fangcheng,l.I Heming. Simulation analysis of

=
~
fa

dielectric loss angle measured by the Blackman-Harris window

interpolation algorithm|[J]. High Voltage Engineering,2007,33



4] ® 0 8 & iR B

8335

(3):104-108.
[15] SEjugr AR, SC2T 1, 48, tan & e 6 J3 0 & 0 InASUAG {4 FET
R[], A ERA,2003,29(2):32-33.
CHAI Xuzheng, GUAN Genzhi, WEN Xishan,et al. The Han-
ning-windowed interpolated algorithm for dielectric loss mea-
surement with high accuracy[J]. High Voltage Engineering,
2003,29(2):32-33.
[16] Jef, w2 Kk 45, 28 M s Ao 0 3R PR B37e 246 ey
B RARZE SIS [) ). IR S TR 2004(2) 1 19-21.
LONG Feng,WANG Furong,LI Dajin,et al. Research on on-
line monitoring of dielectric loss of high voltage capacitive
apparatus and error analysis[]J]. Electric Power Science and
Engineering,2004(2) :19-21.
TR, 7 R, WO | A% Bt B B 6 4y B TR A 45 T
HRRLHI(T]. W HEEAR [ 2007,33(5) :29-49.
XU Zhiniu,LU Fangcheng,YAO Hui,et al.

[17

[

Application  of
modified fundamental harmonic separation algorithm in dielec-
tric loss angle measurement[J]. High Voltage Engineering,2007,
33(5):29-49.

S EHR R S R T FPGA MY TE B A A BURAE TR
LB RLE[)]. B RS A S ,2006,30(12) :92-96.

LI Zewen,ZENG Xiangjun,TAN Dan,et al. On-line measure-

[18

[}

ment system of dielectric loss tangent with FPGA for high
voltage capacitive apparatus[J]. Automation of Electric Power

Systems ,2006,30(12) :92-96.

(197 A0, B I, ok, A5, Stk itk o 00 o -5 sk A 408 #0550k
WEFEL) ] AXAR 2R, 2011,32(9) :2087-2094.
WEN He,TENG Zhaosheng, WANG Yong,et al. Study on
spectral leakage suppression and improved dielectric loss angle
measurement method[J |. Chinese Journal of Scientific Instru-
ment , 2011,32(9):2087-2094.

[20] ZER = WA R VESIHE 55, BT /N I U ipl A B B 3 43 2 19 A
JoE AR FE PR ORI 5 8 (7). MR 2011,35(4) :223-226.
Ll Tianyun,FAN Xiqing, WANG Jianbo,et al. A method to
detect dielectric loss factor based on wavelet filtering and
tracking differentiator[J]. Power System Technology,2011,35(4):
223-226.

EE BN

B (1964—), B A EBMNA, & B/ LA 82
MERRTAESE HEHAAE T E2NFLHRAAANL B
HEAEEZ LN RELGY B F 5 @GR T,

FF (1986 -), % @B EMA ML AT EAA
IHMEVNZG T RN & h T ERHKRLEGEE LD
(E-mail :570696850@qq.com) ;

TAS I (1960-), 5 dakimMA #it T RNFL S A
GRiE AT W ARG M AR B N TR R B G AN GK  @ e
BFR AR,

Harmonic analysis based on ANF
LI Gongxin'*? , HUANG Yanjie*,JIANG Xiubo’
(1. College of Electrical Engineering, Wuhan University, Wuhan 430072, China;
2. College of Electrical Engineering and Automation, Fuzhou University , Fuzhou 350108, China;
3. Fujian Electric Power Company Limited,Fuzhou 350000, China;
4. Xiamen Electric Power Company,Fujian Electric Power Company Limited,Xiamen 361000, China)

Abstract .

interference suppression of dielectric loss angle measurement.

A harmonic analysis method based on ANF(Adaptive Notch Filter) is proposed to improve the

ANF can effectively filter out the integer

harmonics ,inter-harmonics and noise contained in the voltage/current waveform,track the fundamental

component and accurately extract the fundamental frequency,with which,the dielectric loss angle is

calculated by harmonic analysis method. Simulative result indicates that,the method of harmonic analysis

based on ANF has higher measurement precision in the conditions of frequency fluctuation,harmonic

component variation,white noise,dielectric loss angle variation,initial phase angel variation and so on.
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