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Voltage sag measurement method based on RMS sliding window
difference operator and sampling sequence reconstruction

Gong Chen' Hong Dian' Li Jianmin"® Huang Jie' Tang Qiang' Yao Wenxuan®
(1. College of Engineering and Design, Hunan Normal University, Changsha 410081, China;
2. College of Electrical and Information Engineering, Hunan University, Changsha 410082, China)

Abstract: Voltage sag is one of the most perplexing power quality problems in power system. Accurate measurement of its
characteristic parameters is the primary premise of voltage sag evaluation and management. However, the current voltage sag
detection algorithm has some shortcomings, such as low accuracy of parameters detection, poor real-time performance and lack
of phase-angle jumps. Therefore, a new method of voltage sag measurement based on RMS sliding window difference operator
and sampling sequence reconstruction is proposed in this paper to achieve fast and accurate detection of characteristic parameters.
Firstly, the RMS sliding window difference operator is used to obtain the initial and end time of voltage sag. Next, the original
signal is partitioned according to the initial and end time of the voltage sag, and the window interpolation FFT algorithm is
performed on the signals in different sections. Then, the sampling sequence is reconstructed and the phase is corrected. Finally,
characteristic parameters are calculated, such as the duration of voltage sag, depth of voltage sag and voltage phase-angle jumps.
The simulation results under the conditions of simultaneous change of value and phase, different harmonic components and
different SNR noise show that the proposed method has the advantages of high accuracy. excellent real-time performance
and strong robustness. The test results of the actual hardware test platform meet the requirements of GB/T 30137 —
2013, such as relative error of voltage amplitude and absolute error of phase-angle jumps are less than 0.2% and 1°,
respectively, and absolute error of duration of voltage sag is less than one cycle, which further verifies the effectiveness
and feasibility of the proposed algorithm.

Keywords: voltage sag; characteristic parameters; RMS sliding window difference operator; sampling sequence recon-

struction; FFT

W #m B #1:2024-03-29
TEEWA ER AR R4 (51907062,52177078) (IR A H AR R4 (2021]]40354) T H ¥ B

— 182 — HEAPBRTFTMEEAR Hh BB O T



2024 7 B
H435 £ H

0 3 &

BEAE B A ] P L il 3l 1 | 9% 78 1 A AR R I B B R OR
FUASE I I 38 78 Fl, g 2R 56 1) Pl R O o) R s e L
o PR H T R 5 S B P B R R ) o 4R R L B B )
BV R 80 DL b, ERKER . HEEHEC 4R
FRIR I o v A 0 R G B N R A P IR 1 H g
JO b ) R BT R R AE S RO FI W ) R G R R K
S RRE B AT T B SR o T R D X A R DR L W
BT R R TIALE B RE D R Z 4 SR E
RV Rkt SRR ROER AT A H EE Mg L,

BT R UR BE FE SR [R] FURH A0 Bk A 2 e R B B by
M3 MRFIESE., BRI E X p=U, /U, , Kb, U,
Shy HL BT AR 0 B 1 R R RME L, Uy R R AE LR
P 1t FEAT A 5 1) 9 TF 6 22 5 56
i 220 1% B (1] 22 1 A 7 Bk 78 2 48 87 B & A= WS A A 22
HY A5G0 L T Ry 32, n 5 I 43 ek A AR vk
TR {1 A5 TG 9ok A 000 B I R 67 7 Bk A o LA R R 8 B D 1Y
Rl FAF e iR 22, Uik 12-16 13 5 S A8 4 J ok
RS R HHT BEA 5 AT A AT (ER S T R Y i R
PR 25 XEL) S T R S R MR AR I, SCR(17 ]
PR T — B 36 N Hilbert-Huang #6077 1, o3 7 %8 [
Ak 200 5 S0 AE B, AL A MR 7 5 T T A R R R s KRR
%, SCHRL18-19 3 3 dg A8 Ko el it 55 1 ok 4 7 HRL
BB (R8T B A 0 A T AT 34 A7 AR A A8 SR L B 75 R G
LIS (] S A SR 22 . SCHRC20 15R AT/l 78 48 ok HE 4710
%87 I A (E G A 52 B o7 Y v A A /)N e 0 9% TR U L 3
L R AF B ) I 25 B &2 B R R TR, Scik(22]
S 187 47 {18 325 2k 20 BT s S 7 R OR 2% I A AL
Bk A5 4 BE AL o ol A T BT AR AR 7 1R 22 R

BEXT b3 ) B A SCER M T — i TR (B T 2
SRR ALY A E A Y R R D = vk, A E
F A BB I8 1 22 43 58 F X545 BEAT 153, I 3 3 A6 00 g
E BRI RS (I 2 . SRS o AR 8 T kS 1 s 220 4
&S AT XHRAE AR B 2 AN TR 1Y DX H) . TS S B %
BEA X (8] A9 T R A 5 247 00 Nuttall 7 475 {6 bR o (4 5 o) 25
# (fast Fourier transform., FFT) iz % )45 2| 5 {E 55 2
FARL A5 2 B8, 5 R0 I Wk (0 R A1 23 2 250 o g A O [XC ] 19
AL A, IF X AL S5 0T 51 X I T R #E AT 0 6 A
FET iz Bk RS A W 25 . )5 19 5 o e B B IR B L ¢
S8 I (8] F0AR 057 Bk A2 SERRAE S8
1 BREBEESETFENEMEELERZ
1.1 BREREENET

BEHL 7 R G0 e — [F] B 4 A= R 87 9% R 7 Bk 728 A Fl
JREEAES ()N

- U,sin2nfon/fteo)s n<ln,sn>n,
o= AU,sinC@rfon/foteote)s ni<n<n,
@Y

Hh B O T

AR X #

KHn=0,1..N—1.N FRELEE; f. HRHER;
NEFERIE s @ 9 AIALBEAS 5 sy R o2, 503500 DA PR 8 62
IR B ZIX R RAE . 5% 20 Go IS 5 B A 1
JE7R o
1.0
= 05
g o0
Eo0s
-1.0

0 320 640 960
RAER

Bl WEEREES ) GO RN ERIE

Fig.1 The time domain waveform of voltage sag
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Table 1 Voltage sag detection results under the influence of different fundamental frequencies
FHE oo Y () 0y B 22 45 o i 2 FFLL A ] PR B AR AL B A2
Ao XF 1R 2% /s Y XFIRFE /s dxfiREE /s MAXTIRZE/ N AR/ ()
49.5 —60.001 3 0.023 8 —0.002 7 9.375 0X10°° —0.002 8 —0.000 8 —0.025 1
49. 6 —60.003 0 0.024 7 —0.002 4 9.375 0X10 ° —0.002 5 —0.000 9 —0.027 7
49.7 —60.004 6 0.025 1 —0.002 2 9.375 0X10°° —0.002 3 —0.0010 —0.029 7
49. 8 —60. 006 1 0.0255 —0.002 1 9.375 0X10°° —0.002 2 —0.0011 —0.031 6
49.9 —60.007 4 0.0259 —0.0019 9.375 0X10 ° —0.002 0 —0.001 1 —0.033 3
50. 0 —60. 008 6 0.026 0 —0.001 8 9.375 0X10°° —0.001 9 —0.001 2 —0.034 6
50. 1 —60.010 5 0.025 2 —0.001 6 9.375 0X10 ° —0.0017 —0.001 2 —0.0357
50. 2 —60.017 6 0.018 8 —0.001 6 9.375 0X10 ° —0.001 7 —0.001 2 —0.036 4
50. 3 —60.017 6 0.019 3 —0.001 5 9.375 0X10 ° —0.001 6 —0.001 2 —0.0369
50. 4 —60.018 6 0.018 3 —0.001 5 9.375 0X10 ° —0.001 6 —0.001 1 —0.036 9
50. 5 —60.016 9 0.019 5 —0.001 5 9.375 0X10°° —0.001 6 —0.0011 —0.036 4

FH2E 1 AT, BT 48 J7 3 ZE AN [R] 2 00 3 45 14 AR TR R
FRECR I RS ., R R R LA I 2 L A 2
I VR 0 A o7 Bk AE B0 e R A Xk iR 22 4 i Sk — 0..002 8,
9.375 0X10 " s,—0.0012%F1 0. 036 9°,

4.4 AREEREBBRENZMN

2 e P A 5 DN 25 A2 3] R B i 4 A% il O 4F 2
FHBI AR TP, Ak, 3 QDR EEFES
TN [R5 8 b e 7 b A 0 K W45 5 19 £ T
[L7E 30~50 dB A8 fk, ik & 10 dB. % M B

ML K 72 A [R5 M bE 45 4R R 3547 10 000 IR 5L 50 5 HOH:
B AE S . AR SCREIRAE N RGBS T W
SCEREE RN 2 PR Hoh e, B R GE 2., A
HL TR BT R 4 TR 220 5, R PR TR BT R R I (R, A Ok L R R
FEIREE @ AHABEAE

B2 2 W, A A7 B M S A, AR SO I AT R R
WEBN AR AT F R B R S 0, 3L v, 4 I TR 32 e KR AT 5%
FEH 0.002 0%, B [ H5 22 B B 09 B K46 %) 5% 25 R 8 i
0.002 1 s, AN BEAS Fe K4 xR Z AL 0. 037 9°,

x2 BEZMNTHEETRJESHNESR

Table 2 The measurement results of voltage sag characteristic parameters under the influence of noise
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Table 3 The detection results of voltage sag characteristics obtained by different methods
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Table 4 The test results of the actual hardware test platform
S e SR 2 S AR AL S ][] 28 %F B o 4% B AR X A Bk AL 28 %o
W A IRFTa] /s B/ () WE/s W2/ % w2/ ()
0.3 0.091 30 0.000 125 0.117 590 0. 137 360
0.3 0.092 30 0.000 125 0.080 022 0.025 568
0.4 0. 094 40 0. 000 750 0.192 720 —0.702 710
0.4 0.095 50 —0. 005 375 0. 189 800 —0. 641 850
0.5 0.110 50 0. 000 000 —0.033 607 0. 382 530
0.5 0.106 50 —0. 000 250 0.035 174 —0. 046 371
0.6 0.112 60 —0. 000 125 0.026 437 0. 348 840
0.6 0.111 60 0. 000 250 0.129 990 0.471 750
2R 4 T, AS SCHR R Y 6 T RO 8 22 00 5 1 s &

SR T 4] R 11 R R R I 0 S 9 R S A AR/ A A R
22 DL RAM ) SR A 2ok AR v AT BRAETE B MRS AE T, o B B
AR L R 2 0 1% 25 R Mo 0. 471 75°, $5 SR ] 48 X % 22
B KA 0.005 375 s, B K& M R IR 2 A B
0.192 72% .33 £ GB/T 30137 — 2013 1 H, J& 0 {5 1% 2%
AR PR AR A 0. 2% AR LB AR R 25 AN Rt 170U
KAF SR ] 15 22 A 88 3k — A JE oK .
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