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Table 1 Types of voltage sags corresponding
to various fault sources
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Table 2 Conversion to sag type at
lower voltage level
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Fig.1 Vector graph of various voltage sag types
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Fig.2 Cross approximate entropy schematic diagram
(5) WmEmORKREE m+1, ERE LiRDE
(HD—(4)MisEdR, B3 D, .
(6) ARG m,r FHOCH B A
Cm,r)=@,, -, (5)

3 ETHIRMMEHEEEREMERTE

FiHRES 15 7 FhOR ] o FE AT R 28 A RS B
T 5 W 0 1 S5 o o, 2B I 5 T 5 DO P v
T LREA PR EAT A VI, 3 ek B
TR/ INPE R 45 VG T 38 T A B e P R AR e TS, 52
T I D TR DR I, B BRI F

(1) $ie 1 7 el 487 Mg 0 W A FRURE A B, 13
SEREAKI 4 o b S 2 A D8 T B B = A
B0 LOL>1) |4 B 2L REAS R B 47 3L i1
S

(2) T B—GC HIix 6 Five KRBT R
BRI, 4 A A I TG 6 19407 7 2 I 7 4R 1 5
e, A 3 A RISERE B B—G AUIE 18 4N
Wio fT A BUEREIETE ) = AR BR, Akt B
WOW Pt A—G BUHE 19 AR

(3) SRAETIE K A o ] PR 4 S B e TR i, 5%
S I ] 9K B 7 1, 46 38 DG T 94 52 B e T B 77
Sy 3% SRR

(4) 1T L>1, fEREARKE I v L 3% 46 G
Ge— I JE) 7 9K B2 4 31 I REAS SR IG5 AL R 1%31
(IREA B IF A 5 3x1 (S BRBOR S FERE AL 1
31 (K SEBRIETE R

(5) SEMPECAREA B g (245 A5 A 7] ELAR 22
KR 0 R VS T S B T 31 5 0 W P T R AR
5 AT AR AL AR AL AR

X, (i) =[X,(i) - X,]/a(X,) (6)

X/‘*(i)z[x/‘(i) _Xj]/O'(X,') (7)
Kb X WBIVFHIE 0 IEI bR

(6) HEFREAL IS BB 91 5 BT v
BEAFEABIE 75 1 AT AR o

(7) 85 SEI e H BT K B 5 ELS DU /N
FEASPIE o T 7] — 288 vt B I, 2R 47 1 16 40 T, e
RSP M B IT IS . AR s (17 F0 45 SR e 5 1
{64 0.4,
4 HE

ARG BRIE] 3 B s 5T FL A AR A R s B
BIPVE P 7k AR B AT ke 9 1 Bk Bl
W7 12 DR C R BT [ R 9 T AT 1, ] Matlab AR
PP 1 H B e 1) A ST S R R R B R A BT
Kt P 4 Fros o SCHRE21—24 ] X3k B B 1149
IR m = 2 AR BRI EHA BN & B Gt
Ph, R SR m = 2,

A UL BLYY
Gt I [ FP A B2

TS ILARCOE 5
FEAZ (8] Elfl—iilﬂuﬂ@?ﬁ

[ B B/ I C ()|

i C(m,r)<BE? a

W7E AR
H3k/NCAE FAE
PR e
S |

(it 4 %)

3 ETHRCUSHEEERKELESERE
Fig.3 Flow chart of voltage sag waveform matching
method based on mutual approximate entropy

(EARTE R AR, A RVABR r (EA R, B U
TR AR FriUE , F 2 n RE A5 R 58 A —
BOTOL o RIS PR A LA R, SO B S i
FEAJE B A BEARBIRAE N5 IEBCBTE , TR AEA
[RIALLAE PR T ) EL A MR AL, tht T B/NE € (2,7)
SEHFLMRR, A He B, PR I SR~ X S0 A A ik
Frmp 2R ANIEL S Frose Al DL i, X A B
B, re[0.1,0.4] WIXIPEERNA R 1% IRIZ07 %
MUK B—C BUREARPIY 95 B r L, e & U
AERNFHE, SCHEBIBHIPIAIR r = 0.3,

A I T B — U =R R L T T Sy 491



BPhap A BT TR ) L R PO DL C T 12 127

A Doy
Y
%@@ W@Q&

B4 FREREGEERLRRY
Fig.4 Waveforms of different voltage sags
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Table 3 Calculation results of cross approximate
entropy between 7 types of samples

25 D; 03 Ds3 03 C€(2,0.3)
A -1.5277 -1.9159 0.388 3
B -1.776 3 -2.634 0 0.857 7
C -1.761 1 -2.5795 0.807 6
D -1.8353 -2.6856 0.850 3
E -1.746 1 -2.611 0 0.865 0
F -1.782 7 -2.5795 0.796 8
G -1.697 9 -2.488 2 0.790 3
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Table 4 Average cross entropy of actual sag
waveform and sample waveform
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JE BT R Y A B C D E F G
A 0.298 2 0.815 8 0.874 1 0.877 4 0.840 8 0.879 4 0.866 1
B 0.898 3 0.297 3 0.787 0 0.849 8 0.885 3 0.908 6 0.872 9
C 0.911 9 0.910 2 0.319 2 0.913 2 0.852 4 0.864 3 0.633 0
D 0.900 1 0.900 6 0.840 8 0.322 6 0.846 1 0.629 4 0.802 6
E 0.835 4 0.904 8 0.872 2 0.762 9 0.300 6 0.753 7 0.792 5
F 0.860 9 0.910 1 0.910 7 0.612 4 0.790 9 0.297 9 0.838 7
G 0.754 1 0.801 6 0.626 3 0.780 2 0.853 2 0.777 8 03123
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Table 5 Voltage sag waveform matching results

ROEBT R RGPS DCRCIERISE: BRI/ %

A 50 50 100
B 50 50 100
C 50 49 98
D 50 47 94
E 50 50 100
F 50 48 96
G 50 49 98
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Voltage sag waveform matching method based on cross approximate entropy
LI Dangi', SHI Mingming®, YUAN Xiaodong”, ZHENG Jianyong', YE Yuyuan', TAN Yongwei’
(1. School of Electrical Engineering, Southeast University ,Nanjing 210096, China;

2. State Grid Jiangsu Electric Power Co.,Ltd. Research Institute,Nanjing 211103, China;
3. Jiangsu NANRUI Taishida Electric Co., Ltd.,Taizhou 225300, China)

Abstract: As more and more devices sensitive to voltage sag are widely connected to the power grid, the direct and indirect

economic losses caused by voltage sag interference become more and more serious, which puts forward higher requirements for

power supply quality. Accurate identification of sag sources is an essential step in the treatment of voltage sag.lt analyzes the

types of voltage sags caused by various short-circuit faults and the changes of voltage sags waveforms after transformer

transmission, and establishes the standard sample waveforms of voltage sags according to theoretical analysis. A voltage sag

waveform matching method based on mutual approximation entropy principle is proposed. The measured waveforms are

compared with the sample waveforms and the similarity matching is carried out directly. Finally, the effect of identifying voltage

sag disturbance source is achieved. The simulation results show that the method has high accuracy in identifying the measured

voltage sag waveforms in power grid, and the feasibility and effectiveness of the method are verified.

Keywords : power quality ;short circuit fault;voltage sag;mutual approximate entropy ; waveform matching
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