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Classification of Partial Discharge Level in Switchgear Cabinet
Based on the Improved Association Rules Mining Algorithm
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Abstract: An improved association rules mining (ARM) algorithm is proposed for classification and
recognition of partial discharge level to estimate the insulation status in switchgear cabinet. The method of
fuzzy C-means clustering(FCM) is used to divide the range of partial discharge characteristic amounts. The
Apriori algorithm is improved to find the candidate item sets which meet the minimum support and the
minimum confidence. Recursion and retrieval are executed repeatedly to establish an association rule base
for classification. A partial discharge experiment platform for 10 kV switchgear cabinet is set up, and
several groups of corona partial discharge signals at different severity levels are detected for fuzzy
reasoning. The results show that the signals can be classified into three severity levels accurately. The
proposed classification method may benefit insulation status estimation and partial discharge detection.
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Fig. 2 Three corona models and partial discharge
experiment platform of switchgear cabinet
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Tab. 2 Model parameters of simulated PD signals
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Fig. 4 Membership function of the max PD
numbers in every frequency cycle
. %3 XBANAER
£ 400 Tab. 3 Feature library of association rules
= 20 FTPHER FAER || 7S FHER FFER
= 1 N, A, 11 N.. ct
(0] % 2 [\ Anb, 12 [\ ch
o ~ o 3 N Avla, 13 N, A,
0 4 N2 AL 4 NL AL
‘0 3 %Q'ﬂQ 5 N N2 15 N2 N,
D ARG 6 N Nl 16 Nl Nl
% fis oo RN 7 N2, Vs 17 Al A
Y _ ) 8 N2 VAL 18 N2, &
@3 3%#$EEH*§§E@%**E%+9&H%EI§ 9 N”"?m V”"}m 19 N”msw c?
Fig. 3 The PRPS maps of three different level 10 N2, v, 20 N2, VL
corona PDs in switchgear cabinet b Fr R bR RS R R e K ]
%y,100 ZAEUNZRATREAR 100 S A BIERIREA AR ERRBERRBERRE
. i b ok . e o . o
USITCHRINPRSISEWILE AR i SRR Cip U NRTE S SE L BN e fan SEEHBERREE 0
[N 5 S N s e Al : : —l—I [ i = —l—I e
*ﬂfmm%ﬁo ﬁﬂgﬁlﬂfﬁj‘(*ﬁ*&ﬂ@ﬁﬁﬁﬁu%tmﬂ gI: ﬁl :i IE :‘: :. =, : :. :,__ : : !_l—::
ST AR GE b e B b e ] ]
32 EEEHI A R (o B E £ o R e e E R e
IR B A SR FH T ARG Aproria FEE 24 gﬁ s “_1.: CHEHEEEHESEE
/N SCRFJEE FIEL(R BE 23 3115804 0.015 F110.95 | 4% %‘érﬁ eaflasfisafsslasli-lsaBaslaesBasfoalas
s - s e E T e OO OO m
HEBNEC . SHRREASIC 2 e TR O E R A R I R R E
20 % &G Aproria Jrik iR 20 ZRUMIL T8 L0 0 B0 B D D B8 L0 B0 B B
%3 &5, Bl5 20 £ BN AL ML e
T A R JE R e X[ ) R A A O Fig. 5 Rule base of 20 association rules

PDF SCHF# ] "pdfFactory Pro™ X RAG)E www. Fineprint.cn



http://www.fineprint.cn
http://www.fineprint.cn

w5550

R, BRAE, B T A AT B OCIOIN I BT AR SR R BE 7 25 - 27 -

A LAFE R DX ] 7 F o A R T T ) B2
P, BIANTE 20 ZAHLIN | 4 JET U A i R B B
T 6, LEHBE 3 REVIE S A -4 i H AN
S R Sk — Ak A A R AR B i R R P T
HEAEHT, ARSI — R AL A AR R R /RS
IVEIPOR SIWIIE R S N SR ) Civ ¢ 8
A LATA N X — R g b 7 T AR R A e e
SEAEAEIRY, TR LS AR 2 hm] RIS B
FEPUX — Rk

4 REHBEEEEENFIEER

4.1 TERYEIR R

SC[A5-18]1 18 T AR 3 AEAS =R ) v i
FH 385 b7 A BRI PR TR HERE | SR IR
TR D7 AR DX TRI I 5, 4t HERR A0 VR 7
FRGENE, 2R A5 DX B BUASORTAL I A b =y il PR
FPUl| R Ggea,

TR D | A HERE A LT J L2,

L)max-min S0 BRI oAy SR e e A
SEARYEREABER RN rh R SR T i e/ MEL,
T 22 25 DU AR AN 2855 S0 ARl g S0 M D) ) iy 4745
& FE AR B K AB A A 2RI 5 0 2 R

2)max—product J5IU  EA KR I By i S i B
SRR YA AR5 LI Rk £ DX SR T i
TSR, TR 25 & 09350 2 5 max—min 00
M7 —32K,

3)sum-product JFI , FLAHEI SRR B TS
max-product JFIU—FE | {H 22 5K B ROR 2575 45
ARG JE B M (RSB 2 M <1), %
JEEN PR AR ZE R H A U A e
HE, A5 22 SRR A ROR 2 55 Ry 2 ISR T SR
B JBE Z NSRS, A5 SR B PS4 (B R AR
WU J Bt R
42 EEMEBTEERENAIE

BT E o R AT SR s ™ S AR 1Y
FIE, AR EAREE K HING 3 FhEHIT R AR
WU J A7 s O RRE R P B I B ) e e
FAEEEAE PRI FE SR BRI HE BLH]
ELTRIR 4,

x4 FHRBBIEMEEFIELER
Tab. 4 Fuzzy reasoning judgment result of tip models

35 ) FIE AR
max-min /IN:100/100; ' 96/100; 2K . 100/100,
max-product /IN:100/100; H' 96/100; 2K : 100/100,,

sum-product /N.100/100; "', 100/100; X : 100/100,

N 4 FrzR, 4% sum-product JEEE 5 {5 5]
R H 5 R U ) 235 SR B

6 MR/ INEAS BER I BRI S
AN B B a5 /IN B AR BE D/ N R 0.7, AR AR
BIRLHECA 25 45, DU 2 BB BOH L /N B
{5 BERE A 0.95 WG R in (R IE 6 FraRF Ul 212
W/, PRI T ARG A R S 3R e/ NE S
FIBERE R KT 0.9,

100 ¢
95|
90|
e 85]
¥ 8of
R
X 75f
s
* 70t
65
60
55 i i i i i i
03 04 05 06 07 0.8 0.9
R/ NEARE
E6 ARRNERFERISIRANE
Fig. 6 Total recognition rate of different
minimum confidence
5 45iE

SCH 3T — stk 78 S IR 472 B 5,
F A ST AR R R R e AR AR
FHBORT C YRR 5 R R RRAE 5t DX ) >R
TR Apriori - HR T 2 e/ SR BE R /N T A5 B
WEIELE XM SE A T 7 A T o0 2 6
5SS )=

SRHANZITIAT 10 KV JF AR R L5 - 5 H )
3 FAS [ ke L A 2 B A L SRy A L A S5 R A T A
RIHERE . 2R sum-product HEEREI | 35 B A4 Z 15
2R 2 H/MPUIEA 0.9 B 3R R , 1%k
R RAELE GRS TG SR T —FloBr A BB AR B |
It HEA R0 FHNME,

Sk

[1] PEARSON J,HAMPTON B F,JUDD M D,et al. Experi-
ence with advanced in-service condition monitoring tech-
niques for GIS and transformers[C]/IEE Colloquium on
HV Measurements, Condition Monitoring and Associated
Database Handling Strategies. London:IEE,1998:1-10.

2] A MRS R B, F TR SRR GIS A

HRL HL R 2T A BESE[). R AR, 2011, 47(12):
39-43.
RONG Lin, ZHENG Wendong, QIAN Yong,et al. Study
of ultrasonic diagnosis method for partial discharge in GIS
based on signal envelope spectrum [J]. High Voltage Ap-
paratus,2011,47(12).39-43.

PDF SCH# ] "pdfFactory Pro™ X RAG)E www. Fineprint.cn



http://www.fineprint.cn
http://www.fineprint.cn

.28 . 20144 2 A indz H50% 2
B8] fLAH, Bk, X 18, 55 JF AR H0k fy fAs LIU Yunpeng, WANG Huibin, WANG Juan,et al. Re-

[4]

[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

PDF W A{FffH "pdfFactory Pro"

DNRE R ARRIN IS HETER), LIZRHIEA, 20106) 58,
KONG Lingming, XIAO Yundong, LIU Juan,et al. Ap-
plication and research of the PD of switchgear detection
and location[J]. Shandong Electric Power Technology ,
2010(6):5-8.

Mo A, ARMESE. GIS v Ry HR i e e L i AT 5 1 AR
5] mHEBAR, 2005, 31(1): 47-49.

XIAO Yan, YU Weiyong. Present status and prospect of
research of on-line partial discharge monitoring system in
GIS[J]. High Voltage Engineering, 2005, 31(1): 47-49.
FAlHT, aK w5, 4. XLPE MG Rk
B ASEIN Re e A B AR B SE SR [J). 7= RS, 2009, 45
(3): 56-60.

GUO Canxin, ZHANG Li, QIAN Yong,et al. Current
status of partial discharge detection and location tech-
niques in XLPE power cable[J]. High Voltage Apparatus,
2009, 45(3): 56-60.

BRI OCHE R AT b L SR A H A R A L
PERERIBLEME S T AL [3]. B LR ,2013,7
(4):43-46.

WANG Ke. The performance evaluation of TEV PD test-
ing equipments for high voltage switchgear with analog
signal injection method[J]. Southern Power System Tech-
nology, 2013, 7(4):43-46.

B EE INEE S, 4 R, TEV 5B AT TT CHE )R
S AR Y N A D). BEPTER T, 2012, 40(12) : 12-16.
GU Yunxia,SUN Haiwen,JIN Hu. Probe into partial dis-
charge detection and location of switchgear based on TEV
and ultrasonic wave methods[J]. Shaanxi Electric Power,
2012,40(12):12-16.

£ W1, AR, BREHS, A, SRATE S0 i R 25
AR TT A SRR A [9). R ERR | 2010, 36(10):
2460-2466.

REN Ming, PENG Huadong, CHEN Xiaoging,et al.
Comprehensive detection of partial discharge in switchgear
using TEV [J]. High Voltage Engineering, 2010,36(10):
2460-2466.

WRZAR B Bk 55, S5 R WAL AR B IAl O %
[J]. EHLERAR | 2007,33(8):155-159.

CHEN Hongfu,HUANG Chengjun,QIAN Yong,et al.
Preliminary investigation of the assessing method for PD
in generator[J]. High Voltage Engineering, 2007,33(8):
155-159.

RAKESH A, TOMASZ I, ARUN S. Mining association
rules between sets of items in large databases [M]. Wash-
ington, American;[s.n.], 1993.

LIU B, HSU W, MA Y. Integrating classification and as-
sociation rule mining [C]//Proceedings of the Knowledge
Discovery and Data Mining.[S.l.]:IEEE, 1998 13-18.
SALAMA M M A, BARTNIKAS R. Fuzzy logic applied to
PD pattern classification [J]. IEEE Transactions on Di-
electrics and Electrical Insulation, 2000, 7(1): 118-123.
XM, Eooik, £ MR, % & EIFOCHE AR
UHF R4 R S WESE [0). = RS, 2009, 45(1):
15-17.

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

search on on-line partial discharge UHF monitoring sys-
tem for high voltage switchboard[J]. High Voltage Appara-
tus, 2009, 45(1):15-17.

EBE S, RANTE . TTICHE SRy BT H P (A e AR
HIREF [3]. b 14K, 2010, 174(6):26.

WANG Peiyi, ZHU Botao. Application of partial dis-
charge ultrasonic on-line detection technology for
switchgear[J]. Hebei Electric Power, 2010,174(6):26.
REEEVL, R A, BRALY-. S2 8835 5 OGN 3], %X
248, 2001, 12(4): 607-610.

LU lJianjiang, SONG Zilin, QIAN Zuping. Mining lin-
guistic value association rules [J]. Journal of Software,
2001,12(4): 607-610.

FRIGUI H, KRISHNAPURAM R. Clustering by competi-
tive agglomeration [J]. Pattern Recognition, 1997, 30(7):
1109-1119.

AGRAWAL R, SRIKANT R. Fast algorithms for mining
association rules in large databases[C]//Proceedings of the
20th International Conference on Very Large Data Bases.
[S.I.]:Morgan Kaufmann Publishers Inc., 1994: 487-499.
Mk 1, FEZR . BT O R AEY S N 42 48 5 12
[, PEALR2F A4 (H SRR RR), 2005, 35(6): 691-698.
CHEN Li, JIAO Licheng. Association rule mining algo-
rithmbased on relation algebra theory[J]. Journal of North-
west University (Natural Science Edition), 2005, 35(6):
691-698.

AN IMRE . BB (Fuzzy) $as K H N A M) 2R
DU R, 2002.

KUNCHEVA L I. How good are fuzzy if-then classifiers
[J]. IEEE Transactions on Systems, Man, and Cybernet-
ics, Part B: Cybernetics, 2000, 30(4): 501-509.

ENLHT. B R G S EIERIM]. JLa R LR
*#t, 2003.

fl2Ee W RO Fe 4 S R AR T X L A A 4
ZALRIPEE D). BT AR, 2005, 26(1) : 35-38.

NI Xuefeng, XIE Cheng.Predication of the insulation age-
ing for power capacitor according to the pole-to-case insu-
lation partial discharge test[J]. Power Capacitor, 2005,26
(1):35-38.

MRRR, # M B EXEEAR AR REEeL
H AR RIS (7). A 5 TR AME
2008,29(1). 31-36.

CHEN Wenliang,DONG Yan,JIA Hua.Preliminary re-
search on partial discharge and self-healing characteristics
of metallized film capacitors[J]. Power Capacitor & Reac-
tive Power Compensation,2008,29(1). 31-36.

oRE L o WO EPA LR A YR 9 NN S POR
[]. TR 5 TRUIRME, 2009, 30(2) : 7-9.

XIA Jianzhong, Ll Hongchen.Research and countermea-
sure on partial discharge of power capacitor[J]. Power Ca-
pacitor & Reactive Power Compensation,2009,30(2).7-9.

A XAH(1982—), B, LB R AE AR T O AZRIEL

% B AR ARSBEN S B A A M AR

WA www. Fineprint.cn



http://www.fineprint.cn
http://www.fineprint.cn

