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A new method to classify and identify composite voltage sag sources in distribution network
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2. Zhengzhou Power Supply Company, Zhengzhou 450006, China)

Abstract: In order to classify the kinds and fault sequence of composite voltage sag sources in distribution network with
harmonic, a new method to classify these composite voltage sag sources is proposed. Firstly, according to different
voltage sag waveforms triggered by different types of voltage sag sources, the composite voltage sag sources containing
single-phase grounding fault are classified from the composite voltage sag source consisted of transformers and induction
motor. Then the intersection unbalanced degree and second-harmonic are employed to classify the composite voltage sag
sources containing single-phase grounding fault. Additionally the fault sequence is classified through Mahalanobis
distance and probability neural network, and a complete classification and identification method is formed. Finally, the
proposed method is verified through simulation experiment, the results show that this method can well classify the kinds
and fault sequence of composite voltage sag sources, and recognition accuracy is higher than 96%. In addition, the
proposed method is compared with the method of the combination of EMD energy entropy and PNN, the comparison
result shows that the accuracy of the proposed method is superior to the latter’s.

This work is supported by Shanghai Municipal Education Commission Key Projects of Scientific Research and
Innovation (No. 11ZZ173) and Local Colleges and Universities of Shanghai Science and Technology Innovation Action
Plan Ability Construction Projects (No. 10110502200 and No. 11510500900).

Key words: composite voltage sag sources; unbalanced degree; intersect unbalanced degree; Mahalanobis distance;

probability neural network

0 3|87
IEEE kv oo v Hs 87 I 5T Xk ikt R G 3

BEWR: LETHEMAFENELRE 1122173); Lik
WwHEAHATHI R T RN ERAA
(10110502200, 11510500900)

AR R34 7 AR R [H) 2K 7% 22 0.1~0.9 pou., I HAE
FREEANE A 1 min BOIRHE 5P ER M, S
Brea, R BRI S IR R 2R R A, HAASR
FE R B A O A AN A ) . Sl E F, 4E
WL R TR % 3 sh SR, g1k
BB R ETRFYR T 23l B U T BRI RN S
FEL R PR o TR0 PR 7 A IR T % I 1) B e e



-132- ® LRGP B R

TAT I LA B Hi s 8 B F v B R A 7 7 U,

H T, BT F A B Y i AR 0 R 70 A&
FET IS R ETREURRY, O M AT
P HHT RN A A 45 &Y, Mamdani B4
HIHEERD, R Ao 2 90 VI 53
EMD 5 SVM 45 & 472l 5 FFT 4551507k
A SCRR[ 101K H gt S ARy i ibxt &4 s
PRI TR, (R A S A R
RIS A HL B %, S Tz Sk P R IR A
FE e 8 30 T 15 DS 1) F 28 B TR R i 7 V3 A —
SEIE ], FF HAZSCER T 5 A f R B R R TR ) 7
ST AR EC L Y T3 1, IR AR RS SRR IC FEL Y
HHR I

T Bk tr, A TR TP A RS
BRI RS R, ASCHRH Tl s v
TSP LR IO A R BRI 2 SRR T
o B A B PR S SR B RFE N
G RIEEAT YIS 2 RERH S RIEES
R 26 0 28 I 48 0 52 5 P R 3 oA 0 o Ot /5 1 4731
s e R AR B ORI IE T AR ST
Tk Rk

1 ESHEEZEERSN

R B F R BT B AN [R) 20 T LUK 52 45 v
IR R 2 PP, 25 8 B SEpri i N e b
S WA B e e A PR R K ) A e
P b R AR R, DR AR SO 5T LR LR
AR A R % e R 5 S ) 22 2 R
PR B S N AL S R A AR AR
BENE A ) 56 DL AR e s BN 55 I8N, FL B0
GINEEEIREEEES
1.1 ZERBEZRE

302 2 T B (1) S TR 22— A 2 B i
KRR A ilhn: SRk A PR R i B I
A 62y DR A Rt pii (1) FELSICRE A A2 6% 171 2 7358 S A AL
PR . TR s MR R A AR S U £
g R BB W 1 TR

1.1
2 1.0 CHf
£ 09}
= 08}
=
=071
= 06f ~
= 05} A
= 04 '
0

01 02 ., 03 04 05
tls

1 KRMELEDATUSHS REBEERE
Fig. 1 Multistage voltage sag due to fault translation
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Fig. 2 Voltage sag due to single-phase ground fault and the

starting induction motor simultaneously
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Fig. 3 Voltage sag due to single-phase ground fault and the

transformer energization simultaneously
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Fig. 4 Voltage sag due to the transformer energization prior to

single-phase ground fault
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Fig. 5 Voltage sag due to induction motor and transformer

putting into operation simultaneously
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Fig. 6 Voltage sag due to induction motor start prior to the

transformer energization
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Fig. 7 Voltage sag due to transformer energization prior

to the starting induction motor
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Fig. 8 Structure of probability neural network
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Fig. 9 Flow chart of classification and identification of

composite voltage sag sources in distribution network
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Table 6 Classification results of the fault sequences of single-
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Table 7 Classification results of the fault sequences of induction

motor and transformer putting into operation
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Table 9 Classification results of composite
voltage sag sources
Hak UES Ik Pl

RN FEASL FEAHL 4
E4 LR 50 50 8 16%
FM1 50 50 39 78%
FTI 50 50 13 26%
FT2 50 50 17 34%
MTI 50 50 10 20%
MT2 50 50 13 26%
MT3 50 50 9 18%

H13 9 AT 45 R AT %0, ] EMD RETE 5 AT PNN
M ER-EIRE A I BRI T 0 2R 5 YU, X
X AR L B AT N FRL B L 3 R B e 2 3 B3
HL S 7 F (PMD) U E A A< e, RN SR U
IERRARAR, I RV VA AN BEAT et 5
U U IS BT R ) 23 255 B3

5 it

ASSCERRIC HL R S A R OO 1 A5 B
(137 SR i 7, R AT L A 2 PR AN AT
AL AP M U R 5, SEBLE A s

BRI 73 00 ] IR S MR e

MGG TTIR,  SEIAE G R S T AR B G

POl ffr il s, SR E 1A MR

R, JFUGIUE T 5 IR B S R e M 28 45

X 5 A F s B B P R RO A 8, HLR

MIERIZ T 96%. AN, AT R 2KT7 1k

5 EMD  BEREIRMIRE A 20 W0 238 AH 25 15 1) 7 1230k

17 TR, GRR], ASSCT B 7 R

KRBT 5%

Sk

(1] BB, 28005, BRI — M AN se 4 S A8 1 vk
BRI TT D). B RG Y SEE], 2015, 43(9)
62-68.

XIAO Zhuli, GONG Renxi, CHEN Shuang. Detection of
voltage sag by a modified incomplete S-transform[J].
Power System Protection and Control, 2015, 43(9): 62-68.

(2] A, BRI, WA, S ] 2 g a0 A 24 ] R T

B PR AE (K 7 VA 0] B R G AR
2015, 43(13): 105-110.
ZHAO Ying, ZHAO Chuan, YE Hua, et al. Method to
reduce identification feature of different voltage sag
disturbance source based on principal component analysis[J].
Power System Protection and Control, 2015, 43(13):
105-110.

(3] /MK, B, RIDR, 55 %8 d HB B fbr ) HL s

Pl P T R[], MO RGO SR, 2015,
43(22): 147-154.
HUANG Xiaoqing, CAO Yang, WU Weiliang, et al.
Research on voltage coordination control method
considering voltage sag index[J]. Power System Protection
and Control, 2015, 43(22): 147-154.

(4] B, AB4RE, KNI, %% 2T Hilbert-Huang 224t

RN F N = eI S S Rt R AR ) B N R ES S
2013, 46(8): 112-117.
QI Bo, ZOU Jinhui, FAN Yugang, et al. Identification of
voltage sag source based on Hilbert-Huang transform and
wavelet packet energy spectrum[J]. Electric Power, 2013,
46(8): 112-117.

(6] KR, T 77, K. 55T Mamdani Z9BCH]HERL )
R B U (0], b L 0 R 2 R (A SRR ),
2010, 37(2): 43-48.

LI Guodong, DING Ning, XU Yonghai. Voltage sag
disturbance recognition based on Mamdani fuzzy
inference[J]. Journal of North China Electric Power
University (Natural Science Edition), 2010, 37(2): 43-48.

(6] EHH, BTz, HThR8ARRE R S i s

FEIUN0N. B RE L IL AZLa AR, 2013, 25(4):



R, A

TG R R B F s T R 0 2R U B T ik

- 139 -

(7]

(8]

(9]

[10]

[11]

[12]

34-38.
WANG Shixu, LU Ganyun. Voltage sag sources
identification based on label propagation semi-

supervised learning[J]. Proceedings of the CSU-EPSA,
2013,25(4): 34-38.

e, Mrtbt. T f AR S AR HH T R R
R R0 T R0, F T AR AR, 2012, 31(4):
43-47.

QU Guanglong, YANG Honggeng. Fault location of
distribution network based on minimal coefficient of
variation using identifying model[J]. Advanced Technology
of Electrical Engineering and Energy, 2012, 31(4): 43-47.
ASTEE, Al4 A, JeENI, 4. 3T EMD-SVM L)
P L 1 R B e RO [T]. THEHL S R AL, 2014,
319): 1114-1118.

QI Bo, ZOU Jinhui, FAN Yugang, et al. Identification of
voltage sags source in chemical plant distribution system
based on EMD-SVM]J]. Computers and Applied Chemistry,
2014, 31(9): 1114-1118.

BRORHE. P R A DU 5 B R i 1 23 L
L[D]. Kb WK, 2012.

WEI Rongjin. Analysis and research on the method to
detect voltage sags and recognize its disturbance
sources[D]. Changsha: Hunan University, 2012.

WRRE, B, fLAED). He T oSt S AR i 5 5 U I R

PRBRHE M ], B RGP 53, 2014, 42(4):

27-33.

CHEN Li, WANG Shuo, KONG Weigong. Method to
identify composite voltage sag disturbance sources based
on generalized S-transform[J]. Power System Protection
and Control, 2014, 42(4): 27-33.

MRS, BTz, M# Y, & meesE S o
M]. dbat: Bl H AR, 2012: 148-149.

TODESCHINI R, BALLABIO D, CONSONNI V, et al.
Locally centred Mahalanobis distance: a new distance

measure with salient features towards outlier detection[J].

[13]

[14]

[15]

Analytica Chimica Acta, 2013, 787(13): 1-9.

Fle, O, FLBAR, 45, BT IR B M ke o
I A T[] AL & S, 2014, 22(7):
2052-2058.

XIN Long, ZHOU Yuewen, KONG Qingchun, et al.
Study on aerial equipment failure forecast based on
Mahalanobis distance[J]. Computer Measurement & Control,
2014, 22(7): 2052-2058.

S, WEE. BE T RN T AR AN A R 2% 1)
AR Hs 2% SR OB U], H ) A Bk 4, 2013,
33(6): 27-31.

YUAN Jinsha, SHANG Haikun. Pattern recognition
based on principal component analysis and probabilistic
neural networks for partial discharge of power transformer[J].
Electric Power Automation Equipment, 2013, 33(6):
27-31.

AR, ARG R, YU RN, 5% 2T EMD-SVM L 1]
T5C. FEL 0 e P R R [D]. VLS R AR, 2014,
31(9): 1114-1118.

QI Bo, ZOU lJinhui, FAN Yugang, et al. Identification of
voltage sag source in chemical plant distribution system
based on EMD-SVM[J]. Computers and Applied Chemistry,
2014, 31(9): 1114-1118.

Wi BEA: 2016-01-24;
EEE T

{&E HEF: 2016-06-16

FEM9910), &, BEH, AiEAE, TR

FE A AR EAN, A2 F LR, E-mail lixialin2013@

163.com

X A48 (1990-), 4, AMit, LW, T BHRFT@A

W, 7 AR £ 4947, E-mail: liuyajuan725@163.com

A& KX@1969-), F, &, &, TEMAFT@AHL

MAEA R, B s B B R A K, E-mail: zjmzwzsy@

126.com

(%% )



	DOI: 10.7667/PSPC160134 
	基于配电网的复合电压暂降源分类与识别新方法 
	A new method to classify and identify composite voltage sag sources in distribution network 
	[2]  赵莹, 赵川, 叶华, 等. 应用主成分分析约简电压暂降扰动源识别特征的方法[J]. 电力系统保护与控制, 2015, 43(13): 105-110. 
	ZHAO Ying, ZHAO Chuan, YE Hua, et al. Method to reduce identification feature of different voltage sag disturbance source based on principal component analysis[J]. Power System Protection and Control, 2015, 43(13): 105-110. 
	[3]  黄小庆, 曹阳, 吴卫良, 等. 考虑电压暂降指标的电压协调控制方法研究[J]. 电力系统保护与控制, 2015, 43(22): 147-154. 
	HUANG Xiaoqing, CAO Yang, WU Weiliang, et al. Research on voltage coordination control method considering voltage sag index[J]. Power System Protection and Control, 2015, 43(22): 147-154. 
	[4]  祁博, 邹金慧, 范玉刚, 等. 基于Hilbert-Huang 变换和小波包能量谱的电压暂降源识别[J]. 中国电力, 2013, 46(8): 112-117. 
	QI Bo, ZOU Jinhui, FAN Yugang, et al. Identification of voltage sag source based on Hilbert-Huang transform and wavelet packet energy spectrum[J]. Electric Power, 2013, 46(8): 112-117. 
	[5]  李国栋, 丁宁, 徐永海. 基于Mamdani型模糊推理的电压暂降源识别[J]. 华北电力大学学报(自然科学版), 2010, 37(2): 43-48. 
	LI Guodong, DING Ning, XU Yonghai. Voltage sag disturbance recognition based on Mamdani fuzzy inference[J]. Journal of North China Electric Power University (Natural Science Edition), 2010, 37(2): 43-48. 
	[6]  王世旭, 吕干云. 基于标签传播半监督学习的电压暂降源识别[J]. 电力系统及其自动化学报, 2013, 25(4): 34-38. 
	WANG Shixu, LÜ Ganyun. Voltage sag sources identification based on label propagation semi- supervised learning[J]. Proceedings of the CSU-EPSA, 2013, 25(4): 34-38. 
	[7]  曲广龙, 杨洪耕. 基于最小变异系数的配电网电压暂降源模型识别方法[J]. 电工电能新技术, 2012, 31(4): 43-47.  
	QU Guanglong, YANG Honggeng. Fault location of distribution network based on minimal coefficient of variation using identifying model[J]. Advanced Technology of Electrical Engineering and Energy, 2012, 31(4): 43-47. 
	[8]  祁博, 邹金慧, 范玉刚, 等. 基于EMD-SVM的化工厂配电网电压暂降源识别[J]. 计算机与应用化学, 2014, 31(9): 1114-1118. 
	QI Bo, ZOU Jinhui, FAN Yugang, et al. Identification of voltage sags source in chemical plant distribution system based on EMD-SVM[J]. Computers and Applied Chemistry, 2014, 31(9): 1114-1118. 
	[9]  魏荣进. 电压暂降检测与扰动源辨识方法的分析与研究[D]. 长沙: 湖南大学, 2012. 
	WEI Rongjin. Analysis and research on the method to detect voltage sags and recognize its disturbance sources[D]. Changsha: Hunan University, 2012. 
	[10] 陈丽, 王硕, 孔维功. 基于改进S变换的复合电压暂降源识别特征分析[J]. 电力系统保护与控制, 2014, 42(4): 27-33. 
	CHEN Li, WANG Shuo, KONG Weigong. Method to identify composite voltage sag disturbance sources based on generalized S-transform[J]. Power System Protection and Control, 2014, 42(4): 27-33. 
	[11] 程浩忠, 吕干云, 周荔丹, 等. 电能质量监测与分析[M]. 北京: 科学出版社, 2012: 148-149. 
	[12] TODESCHINI R, BALLABIO D, CONSONNI V, et al. Locally centred Mahalanobis distance: a new distance measure with salient features towards outlier detection[J].  Analytica Chimica Acta, 2013, 787(13): 1-9. 
	[14] 苑津莎, 尚海昆. 基于主成分分析和概率神经网络的变压器局部放电模式识别[J]. 电力自动化设备, 2013, 33(6): 27-31. 
	YUAN Jinsha, SHANG Haikun. Pattern recognition based on principal component analysis and probabilistic neural networks for partial discharge of power transformer[J]. Electric Power Automation Equipment, 2013, 33(6): 27-31. 
	[15] 祁博, 邹金慧, 范玉刚, 等. 基于EMD-SVM的化工厂配电网电压暂降源识别[J]. 计算机与应用化学, 2014, 31(9): 1114-1118. 
	QI Bo, ZOU Jinhui, FAN Yugang, et al. Identification of voltage sag source in chemical plant distribution system based on EMD-SVM[J]. Computers and Applied Chemistry, 2014, 31(9): 1114-1118. 



