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Abstract: A method for exact calculation of static harmonic using adaptive sampling period based on correlation calculation is
presented. It is an iterative optimization procedure which searches for the most suitable sampling period according to the corre—
lation coefficient of two adjacent sections and the quadric modified equation. The harmonic parameters are finally presented by
the FFT calculation of the latest synchronous sequence. The algorithm does not require any knowledge about the system fre—
quency and the long sequence DFT computation can be avoid because of the constant sampling window. Various case studies
using simulation data show that the proposed algorithm has fast convergent speed and high detection precision even if the sys—
tem frequency deviation is large.
Key words: non — synchronized sampling; fast Fourier transform ( FFT) ; correlation coefficient; harmonic analysis; adaptive

sampling period

1 TM711 TA : 1003 - 6954(2013) 04 - 0066 - 05
o ( discrete Fourier o
transform DFT) ( fast Fourier

transform FFT)

o FFT o

FFT
N o FFT

11 -14

o 15 S={S S =Sy_i}e
.66 °



Vol.36 No.4

36 4
2013 8 Sichuan Electric Power Technology Aug. 2013
S5,

o D e = Kp 11
<Xp Yo >= [ X [l =l Yo llcoso (1) <&, DFT
06 0 v o 1@

° P max Pmax :zM( M )
<X, Y, > FFT o
K, = - (2)
1 Xp I e 1Y, |l N=2",
KP -1 KP Ty =Nfo(fo
- K, =1 50 Hz £, =50 Hz) .
K, = -1 : Xy Y(Yy X, N )
S .
1Sy S S, Sp—l Sp+1 ...32[)—] Szp SZ])+1 e} 1 Xy
(3) Y, ;
1) P X, 1 X, Y,
sz{SO S "'Sp-l}o o
2) X, Y, = .
{Sp S, "'Szp-l}o 1+1
3) Xp Yp Kpo 1
Ts(i+]) = N AN (4)
4) K, (K, =1) So(N = AN))
p=p+1 1).2) 3) AN; =012,
K, . AN, = AN JT - K, (5)
K, 1 AN s N s Ky
o Kp :1 XP YP l —l XNi YNi °
: . DFT N =64 o
9
o K, #1 2
7
= 5
K =1 5
14 HHS—
e=l K,-1|<s, H
® 4
R =
e
K
2

AN

67



36 4 Vol. 36 No.4

2013 8 Sichuan Electric Power Technology Aug. 2013
. 1
1) T, 2N N 1 2 3 4 5 6 71 8 9
Xw N Yy (2) /V. 240 0.1 12 0.1 2.7 0.05 2.1 0 0.3
Ky /° 0 10 20 30 40 50 60 O 80
2) AN, =AN J1-K,,  (3) 1 .
T, = I T, = I .
TOAIN+AN,) T f(N=AN) 15 3200 Hz
3) 2) X, p=60 K, >0.999 99.
Ky Ky Ky >K,y, .
(3) “hr 2 .
Ky <Ky, “oro,
4) 2) J0 =3 200 Hz K, >0.999 999 999 9.
K, - N =64
5) AN, =AN /1 -K,; (3) 5
1+1 o
6) 2N
K, . ) o
5) 2: o
. f=49.5 Hz (4)
FFT . 1
( FFT ; 2
B 3
) o . 1 =3 200 Hz
64 2 3 N
3 1 .
3
(1) =m"z:Am sin( 27mfi +¢,) (6) ESTVRINIYS -
m A e m nZil A, Pn
1 3 o AA, Ap, m
2
5
/ K, >0.999 99 1) K, >0.999999 9999 2) N=64
Hz P 60 AN =2 AN =12
49 790 360 630 358 270 61 11713 3843 7 1 345 441
49.5 1040 604760 601 640 S8 11137 3 654 7 1 345 441
49.8 198 31778 31185 52 9 985 3 276 7 1 345 441
50.2 196 31261 30 674 52 9 985 3 276 7 1 345 441
50.5 638 242760 240 850 58 11 137 3 654 7 1 345 441

* 68



36 4 Vol.36 No.4

2013 8 Sichuan Electric Power Technology Aug. 2013
8
o o o
o 2
1 FFT
a ( 1099 )
A DET o
a = Ml 1A% | _y 607 4
m7l Am (2
a 4
AA A
a =Y |=m) e | Z8n] 248989
mm#g Am P 4‘ 1
AN
° o AN
2 N
a =0.000 862 221 a =0.001 4. .
FFT o
3
: a =0 DFT . AN

a =0.000 016 766,

. 2 A
2. . | _ | .
3 . 1. “TA(N=AN) T N(f, £AF)
2 . 8 3
303
( 3)
( 2)
fFT ) K, >0.999 99 K, >0.999 999 9 K, >0.999 999 999 9
1
DFTO99 AN =4 AN =12 AN =4 AN =12
135 17 5 28 7

1 241.05 —1.745 240.000 0.028 240.000 0.000 240.000 0.000 240.0000 0.000 240.0000 0.000
2 2.946  1.369 0.097 10.303 0.112 17.508 0.109 13.143 0.1003 10.211 0.1002 10.074
3 13.747 13.421 11.998 20.086 12.001 20.043 12.004 20.021 12.000 0 20.001 12.000 0 20.000
4 1.626 9.333  0.099 30.417 0.099 34.805 0.103 32.647 0.10000 30.120 0.100 1 30.059
5 3.827 25.159 2.699 40.152 2.696 40.090 2.701 40.080 2.699 9 40.002 2.700 0 40.002
6 1.042 14.938 0.049 50.814 0.046 53.015 0.050 54.055 0.0499 50.068 0.0500 50.088
7 2.925 39.150 2.099 60.211 2.097 59.977 2.099 60.068 2.0999 59.999 2.1000 60.001
8 0.895 25.571 0.001 207.770 0.002 -73.841 0.002 177.170 0.000 1 —72.180 0.000 1 177.350
9 1.019 37.669 0.300 80.356 0.299 79.581 0.299 80.311 0.3000 79.989 0.3000 80.007

69 e



36 4 Vol.36 No.4
2013 8 Sichuan Electric Power Technology Aug. 2013
(8)
an =N (9)
fo 1 Ignacio Santamaria — Caballero Carlos J Pantaleon — Pri—
AN, eto Jesus Ibanez et al. Improved Procedures for Estimating
AN, Amplitudes and Phases of Harmonics with Application to Vi—
AN bration Analysis J . IEEE Transactions on Instrumentation
X}X N and Mesurement 1998 47( 1) 1209 —2144.
0 <AN,, =AN VI-Ky< fo (10) 2 Dusan Agrez. Weighted Multipoint Interpolated DFT to
AN Improve Amplitude Estimation of Multifrequency Signal
Af N J . IEEE Transactions on Instrumentation and Mesure—
0<AN<”17T (11) ment 2002 51(2):287 —292.
0 o 3 D. Belega D. Dallet. Frequency Estimation via Weighted
Multipoint Interpolated DFT J . IET Science Measure—
50 Hz 0.5 Hz ment & Technology 2008 2( 1) : 1 —8.
4 FFT
AN o 0.5 Hz, (1 ] . 1994 9
4.2 (1):50-54.
5 FFT
o=l K -1 |<en. K (m T
. 1994 9(2) :53 -56.
) ° .
FFT J. 1999 19(3) :63 —66.
K, N
7
FFT J. 2004 30(8) :52 -55.
8 FFT J .
" 2005 25(21):87 -91.
DFT o 9
FFT J. 2001 21( 12) :83 -8&7.
5 10
I 2003 23(9) :67 -70.
11
J. 2001 29(7):1-4.
’ ’ 12
1) J. 2005(479) : 12 - 14.
13
° J. 2005 1(3):148 -152.
2) 14 TDA
I
. 2008 23(7):124 -129.
3) 15 T. X. Zhu. Exact Harmonics/Imterharmonics Calcula—
. tion Using Adaptive Window Width J . IEEE Transac—
’ tions on Power Delivery 2007 47( 1) :2279 —2288.
4) o N=2" FOFT : o
J. 2006 34(18):52 -57.
° 17 . M .
5) 1979.
o ( 12013 -02 -06)

70



