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Fault Diagnosis in Underground Cable Systems using Wavelet Transform
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Abstract

Protecting transmission lines is one important task to safeguard electric power systems.
The transient fault signal on transmission lines need to be detected, classified and located
accurately and cleared as fast as possible. This research present an application of a discrete
wavelet transforms (DWT) for fault diagnosis in underground cable system. Fault simulations
are carried out using ATP/EMTP program, with a frequency-dependent transmission line model.
Post-fault current signals are used in the analysis. The mother wavelet daubechies4 (db4) is
employed to decompose, high frequency component from the current fault signals. The time of
positive sequence in first scale for detecting fault was used an input for travelling wave in order
to identifying fault location. The comparisons of the coefficients DWT have been performed in
order to classify fault types. The coefficients detail (phase A, B, C and zero sequence of post-
fault current signals) of DWT at the first peak time that positive sequence current can detect
fault, are performed as comparison indicator. The results are shown that the wavelet transform is
a powerful tool and gives satisfactdry results. Errors in fault location obtained from proposed
technique are 0.4 km. In addition, the proposed algorithm can indicate fault types with the
accuracy higher than 90%.
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U

TN AT ASAIVBIT A NUEAN it

a0 lue9 50-100 kHz

2
=
e
Sn_

wnaf 1 uaasday
anad 2 uaasdyanuiinauilugig 25-50 kHz
ainafl 3 uansdaanaiiinmdlugag 12.5-25 kiz

mnai 4 uaasdaaaiiinudugae 6.25-12.5 kilz

o as o = ’
TNAN 5 HaeN aumpmwumma“luma 3.125-6.25 kHz
positive sequence negative sequence zero sequence
10000 - 5000 5000
-1 5000 - -5000 —_
00000 0.05 0.1 0 0.05 0.1 0 0.05 0.1
20000 _— -1 2000 5000
Scale 1 10000 I 1000 ﬁ L
0 0 (1} A
1000000 100000 200000
Scale 2 500000 l 50000 l 100000 l
0 0 0
40000 10000 10000
Scale 3 20000 I!‘ 5000 ALL 5000 " “
] A 0 * 0
1500000 200000 . ks
1000000 A,
Scale 4 so0000 M M 100000 ,&
0 0 . 0
10000
200000 U 0
20000 500000
Scale 5 100000 /‘/{ AA

0 1] 0
0.0395 0.04 0.0405 0.041 0.0395 004 0.0405 0.041 0.0395 0.04 00405 0.041

314 3.5 sdmAuvlidaonf1daresduds (Sending end)
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positive sequence negative sequence zero sequence
2000 2000 — 1000 o e e ey
0 N\/\/\/\/ ] /VM 0 ——\/\/\/\‘
-2000 -2000 -1000 '
0 0.05 0.1 0 0.05 0.1 0 0.05 0.1
0.2 0.02 0.1
Scale 1 0.1 0.01 l 0.05 l
0 A A 0 L A 0 .
4 — 04 1
Soale 2 2 0.2 [ 0.5 1
0 i A 0 l A 0 i
10 2 2
Scale 3 5 1 E ! L
. A i ol ' A 1
40 10 10
20 5 5
Scale 4 h M M " aa A‘
¢ 0 A 0 4
200 20 f T T
s s Jea,) oL bal 7L

0 Q 0
0.0395 0.04 0.0405 0.041 00395 0.04 0.0405 0.041 0.0385 0.04 0.0405 0.041

y 4 o o @ | =
317 3.6 3UnAuRuNA T 108 IA U5 (Receiving end)

ao Y] dy 9 o J = =1 1 v Y] a % [ 1 a
nuiteatui lddmuamslSeuiousyueangegaussdulssans luae Y lafa
[ a o 1 o P ' a d o o 1 1
nasnninareaduazagigavesdulseant luaanzaswnaoaduiwamm luusas
d‘ t 1 9 z:'( LY = 1 d? =2 o Qs o q‘{

ﬁlﬂﬁﬂlﬂﬂﬂﬁ&’uﬁﬂﬂﬁ']ﬁ]ﬁ']ﬂﬁﬂl(ﬂﬁxﬂ'lu LLﬁZLW@TﬂﬂT}'Wﬂ'liiu']\‘ﬂEJ‘Uuﬂﬂu'lﬁﬂﬂig’d‘ﬂﬁllﬂlﬂ
o o A ¥ a3 VoA 2 d? [ ~
mmﬁmma“lmwuﬂ’.nmmﬂmN1/1%ﬂmummwumu’dﬂﬂugﬂw 3518 3.6 ﬂ']ﬂNﬁﬂWﬁLLl]fl\‘]

[~ @ Y A A 4 1 a a '
L’]‘V‘Ilﬁﬂﬁ1lﬂiﬂ'ﬁﬁLﬂﬂllﬂ’ﬂcl.u’ﬁﬂTJ%"ﬂﬁﬂJiJV‘lﬂﬁ@ (t=0.04 sec ) WU')']ﬂﬁJf’NﬁiJﬂ'i%ﬂ‘V]ﬁlullﬂ

t gy 1 o T a a T a 4
ﬁ%ﬂlﬂﬁ’ﬂ%ﬁﬂ'lq\‘lﬁu'E]EJN?’Jﬂﬁ'.]uﬂzu'lﬂﬂ'ﬂﬂ"l‘U?NﬁNﬂi%f’f‘l’l’ﬁiﬂﬁﬂ'l')ﬂﬁﬂﬂulﬂﬂﬂﬂﬁﬂ (t<0.04

YV

k4 E 4 d
@ a Y = ' a a s a d
sec) Aatiuseusanauudgiulan «hdudszanilurie % lafandsnianaveadves

d! o ¥ d’ ¥ ti' L} A 9 o d' dy
analamnanisveanszuadiduynde Iandmemadwaazaunamsnlaausilasgauu
1 ¥ ] 1 a d T s =Y a ¢§' a Yar
NN 5 ImManyNaanzneunaean uaasnianuialnd wavulumeaaiialaan”
A& o rf!.lsl s/ 3 o 9 o 1 1 ] a
demunsansriudead lauds nnthnhdeyamsulasunlawewaazarennunluisash

A o =y 2o ] d' a 2 =Y Y ]
LN D R R PREAY nmuamﬂm\laaﬂ‘uuﬁ1mﬂma°lmuma"1ﬂ

=y 0 o d
3.3 nqugmamgasutiaveas
=Y 4 a o’y [] t o as n;’/’ a
Taglnaudnieifaeadvuluszuudanienidq I niuszianny
AndnAtuvesgdadunszud wazusIau auRaisuveIgnautiuazi@ung

[-% Qil’ u'/ 1 ' ~ 1 4‘1 = [ o’/’ R Yy
ﬂi$mEJE]’eJﬂqﬂﬂﬂﬂﬁﬁﬂﬂﬂﬂ‘l}ﬂﬁ%‘ljﬂﬁx‘iﬂw L3NNI UNN ﬂauum"lﬂmms
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o o 3 ] ] y a ns/} ]
UszgaminnlFlumsszydninisveslead iesarnmsIdadu@mumaniuly

v Y Y 3 t ] " o
FUFDUNINUN aﬂ‘i’l\‘lﬁ"m'liﬂﬂ’i’lfﬂﬁ'lllﬁﬂﬂ'l\‘li')ﬂﬁ’]“ﬁ%“lluﬂ”l

&

oA a a o o ! J 3 =
ngundudunefithnldlumsseydumialoadiue 1d3aiuiiulasvida
E ¥ 1
ponuIA7 BINTUMIAIA Ta Hag Tb vesaaesdslaeldvdnmsasnasumsifiaean

a d At a YN o o 2 ;’,' o
1NA15ATTUNead Tasid a1 laaenaidyanaeanindalarseeiseedils

15000

| Ta=0.04002
| Peak=11,552 1

4]
0.039 0. 0392 0. 0394 Q. 0396 0. 0398 0.04 0.0402 0. 0404 0. 0406 0. 0408 0.041

0.2

o5l Th=0.04015
T Peak = 0.1626
AL

o
0039 0. 0392 0. 0394 0. 0396 0. 0398 0. 04 0. 0402 0. 0404 0. 0406 0.0408 0.041

v A o d‘ A ) ~
3.7 ﬂ']ﬂauqqqﬂﬂ']u ANl Ta ﬂ']ﬂauqqqﬂﬂ’]u B a1 Tb

2.

51

s s 1 a Y Y a 1 P Y o A
wandusaassdvdalunsfavead 1auds e waari lduduaaiiem
a o 9 A a d A a
seezmalunmsifavead laoldaumsn 3.2 lumsmyainarloadvesnau@unie (9]

- L—-(.v*(Tb—Ta))

(3.2)
2

Tae
a 4 o o a

x = szagmafaroagdninnemudasuiia Wi @ums)
L = AT ((WAT)

o d'l [ =Y =Y
v=anU5IaU INATABIUIN)

a o o = 9/ a =]
Tb = nfidagudeanndulasa B uin)

a w o 2 Y a L
Ta = nanfidaanaveadudalaediu A uih)

13}

] I~ 4 o & oo
Tagazldainnusaaulumsfuradalin

v= % ) (3.3)

114482
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{ v v w o v
Tash ¢, Ao A1 anueen IAGUINT (permittivity) Yodayds
. fio A1 anuansalumsdurin 1@ (permeability) vesaoda

C foanusaued 3x10° m/s

VMR AN £, =27 4, =1 92 18A1 v = 1.825x10° mis
mﬂgﬂ‘ﬁ 3.7 1fie L =30,000 wAs
v=1.825x10° lA5A0IUMN
Ta = 0.04002 217

Tb = 0.04015 U9

. _ 30,000 (1.825x10° x(0.04015-0.04002)
2

x =3,132.7 (UA7

fiyafiarloadess 3 Alawas anaindou 0.1327 A lanns M3 132.7 A3

y o { = gt
M99 3.2 ueraawanInn1sneainvloada1ag

. . nalumsngley » p “ .,
1A yunA yaunavead (km) yaufianleoad (km)
d a (4 (ms)
Wondese |  voad OEs S 5
N Error 159 [1] Error
(km) (degree) Ta Tb ] :
Wuaue
3 120 4002 | 40.15 3.1327 | 0.1327 - -
5 120 40.03 40.14 49584 | 0.0416 | 4.6666 | 0.3340
8 120 40.04 40.12 7.6970 | 03030 | 8.1818 | 0.1818
11.5 120 4006 | 40.105 | 10436 | 1.0640 | 11.591 | 0.0910
17 120 40.09 40.07 16826 | 0.1740 | 16.786 | 0.7860
26.5 120 40.16 40.02 27280 | 0.780 26.25 0.250
28.5 120 40.16 40.01 28.693 | 0.193 | 28.846 | 0.346
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4 Q 4 a ot
ﬂ”li'lsi‘ﬁ 33 LL’LWNNﬁi]']ﬂﬂ']ii]'lﬂ?]ﬁﬁi‘!ulﬂﬂw@aﬂﬂ'lﬁc]

yufavead | yaiaveadase a1 luMsA 399U (ms) yaianeadin
(degree) (km) Ta Tb MIAUIN (km)

0 8 40.04 40.12 7.6970

30 8 40.04 40.12 7.6970

60 8 40.04 40.12 7.6970

90 8 40.04 40.12 7.6970

120 8 40.04 40.12 7.6970

150 8 40.04 40.12 7.6970

180 8 40.04 40.12 7.6970

e a I's o [} < = 4
13197 4.1 waasmafSeudsuwaninnsimiziszydwmiveadves ngufadu

a a o U = o o 1 (Y
Aumaasngeseyeanuumedoigys 1] lasmsiasuudasgaiadeadiuand1any

P = 1 ~ [ a s
aon 11 Tuvaigfiaissh 4.2 uansaial (Ta, Tb) Nonsnasnivtaziaianeadiause

4 i ' A a .{3 § o ~ ' | Ao
seyldiile WawasnnmiSunavieandaus o't 180 wamstiaesh ldwud eiiduan

[}
adgaAa o <

P=t a 1 a 1 a [~] 1 1 o
"L@g\l%'lﬂillﬂ!ﬂill'JJﬂQWNNﬂWﬁTQ‘ﬁ']ﬂﬂ'ﬁ]i\iVlﬂﬂ'}ﬂuﬂ LLﬁﬂQiﬁLﬂu'ﬂTﬁﬂunﬁuﬂﬂﬂ'J']lllliJ'LlfJ'l

o

luszauna

0 ¢
34 ﬂ]‘iﬂ]!luﬂﬂ‘izmﬂ‘ﬁlﬁ)ﬁﬂ

o o 1 o
lumssuundsuinnieane ¥sdaaunszualumiazie iiasdinszuiums

a

utlaanviBauuuduniie (Discrete Wavelet Transform) 191amidaiaiisiy Daubechies 4 (db 4)
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Y] a Y Y o 1 I~ d
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o :ll ° o w Y 1 1 v @ a
uazndama ¢ nmfuhimsendideaeuiiodisasmsnsamimdulssansgagaves

4 o { 1 a J ar
sinduniaanaaunanend degil 3.8
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{ Yy a A a o 4 o 1 v a ' 1
M5 4.3 waalimudongAnssuvesdyananiunidaludmsuianean A

A a8 dy [ 1 a ¢ 1t =1 Y o -
‘llf‘)\?ﬂﬂuﬂzﬁﬂ'lq\i‘llull"lﬂﬂ?'l 5 m']‘U’E]Q‘K'Nﬂﬂutﬂﬂﬂ@ﬁﬂﬂﬂ"lﬁtﬁ‘Ll"lﬂﬂfﬂ IﬂEJ‘VI

(K]
1 =

ﬁwqaqcal'lumqﬁauzﬁﬂﬂaaﬁifu%zﬁmm‘imm"lﬂélﬁmqué
M3 4.4 nansgafiavoadd 8 Alawns Tﬂa'ﬁ1msLﬂﬁ'auLnJmﬂ'mm?'ué{mﬁﬂwaamﬁ'ﬁm
G 3078 360 WU'hmqqqmaaﬂﬁuflﬂ'ﬁ?iu.mGiwaﬁuaan'lﬂ“lumhgm?nﬁm
wload Wadu Sending end i1 Receiving end dohigsgait dinadranses 1

I~
Lﬂuﬂi"lﬂgﬂ el (Sine wave)

Phase A Phase B Phase C
10000 1000 - ~ . 1000 =
AN ANAL IR A T
YA ATAVATATA S AVAVATATA
- Voo AN = /o
Scale 1 +10000,; 008 T e | \ 0.05 - \41 oo \/005‘, . 0.1
Ca® 1 oh0000 A L 4000 - = 10000 - )
100000 2000 5000 [
0 0 0 ,
Scale 2 0 0.05 0.1 0 0.05 0.1 0 0.05 0.1
400000 4000 10000
200000 2000 5000
0 0 0
Scale 3 0 0.05 0.1 0 0.05 0.1 & 10° 0.05 0.1
1000000 2000 2
500000 1000 1
0 0 0 by
0 0.05 0.1 0 0.05 0.1 & 10 0.05 0.1
Scale 4 1000000 10000 2
500000 5000 1
0 0 0
Scale 5 0 0.05 0.1 0 0.05 0.1 0 0.05 0.1
11000000 2000 x10°
500000 1000
0 0 0
0 0.05 0.1 0 0.05 0.1 0 0.05 0.1

! 4 4 & i 1y v g <
U7 3.8 uamagadiuniaa dwdmaad 1 -5 AldnnTundara A nidamla B
=]
waznviaamla C

4 % da & a1 o w vy 2 yy

iisaninlurleadnnlszianifaiu wiidinlszneudwuuinsvegdoaueiald
o 1t o w S a ¢ A % ' s a
hdwlszaeudsunatinimsinsen meszyvead luudaza uaz lueadasduyn

a 4 o 1 o w 4 o

siiavzuaainNulasundasvesnsenaasduludinilszasudidugud 391440
T o o o o a < A d a a
dulszneudmAuguniinmims iz iessyroanwtiaadu

1 4
1ngYd 38 uaasldifiud defaneadduluszuudatienide ezl

[
=

< PR { a 4 1 4
dulszndvesdyananianiil1é o naridadead sefiainlaeunlaqly Tasfisgedy
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v o Y v A a =1 as 1w a o 1 a s & ° 1
'OEJ'NLHHVL@]‘H@] LiJ'e)L‘l]'iEJ‘UL'VIEJ‘Uﬂ‘Uﬂ1ﬂﬁﬂi$ﬁ7\ﬁﬂlﬂﬁt'ﬁ"hﬁﬁﬂ'ﬂutﬂﬂ‘ﬂi’lﬁﬁ FIVTUIAN

Y
F4

as = w 1 94 a St A dgl (]
dulszansgegammniudanannidlunmsszyridavesdeadiifaduluszvudese

o w 4 o Y an o = s a &4 o 1w a
Arae i WohmMsaNNTMstwunriaveweadninarnihimdulszdnigagaainms

uthas@alu@ama A vidava B uaznvidama ¢ da317 3.9 uazuaasluaums

1' L
L A,max( post)
IAZ,max(post) L (34)
zero,max( post)
IL
L _ “B,max(post)
IBZ Jmax({post) ~ IL (3 5)
zero,max( post)
L
L _ “C,max(post)
CZ max(post) — yL (36)

zero,max( post)

4 o
Lﬁﬂ L= ﬁlﬂﬁ"lli’)\‘lﬂﬁuﬂﬂﬁnﬂmﬂ (atnha 1)

I} ooy = ANTNYIEANTeqe 2t neufiavload Hannlszneuddunanma
t a S A o a

I§ naxgosy = MANUIEANTega v uAndoad Admdsznedrduuinma B

I naoy = ANGUYTEANSIqR 2 aRavlond ﬁ anlsznsudiduuanmla

<

1w a l o w o
I max oy = ATANUsZANT QIR 0 D uAavoad 7 mﬂszﬂaumﬂuq‘uﬂ

157 maxposty= DATTAIUTEN I Xf o/ Ay Ik

zero, max (post)

L
I, max(post) = BRTITIUTENY B, max (post) Ay 12ero el

‘ L
Ié‘Z,max(post)=E’)gﬁ‘r‘?{fn"!i ‘HTN [C max (post) ﬂ'U Izero max (post)



[L

A.max( post

L
B.uaxt post i

[L

C.maxt post

L
zero .nax( post

210 scn . et
o2 e Eess 23] ey X [y Se g
@ 4 Lead o) 45 samad’ 00 7 504x10 7 eetnie
% Y . )
2 el : ] /
\ . 4
Q I
1 ac»\ g1 o aes 61 i) SON [P % 7/ 005 0t
~ - : L
~ o . SRRV
~ ° -
- -~ e o S w— -— - -
{ It 7L JL
' A, max( post) . B, max( post) _~ C.max(post)
1‘ L i L L
l 2zero,max( post) : zero ,max( post ) I zero ;max{ post )
\ ¥
] L . [ L l L
AZ max{ post) BZ.max( post | CZ amax( post i
I D s ull 0% ran 7 easse
|
2 jdl fudoag
il CE 9t [ 3 3t 3 oif at
Tine (sect
(a) Sending end
L [ L [ /A L
A.max({ post ) B.max( post C .max( post ) zero amaz( post i
b 0
320 = 163 = 10503 - -
- satx10" FOBRITRS gy s i QI; RS
] A 00 5 £ ]
o - - 2 3; - g .
G 33 el S Ceh gt b] [N 8t . 0 4, U3 61
\ - i
Yins e
R ) R LD (7 (P L&
~ N —
-~ T e —— - 7
| I It It
A,max( post ) - B, max(post) C,max( post)
l L H [ L ] L
| zero max( post) zero , max( post) l zero ;max( post)
:
! {
Ik I3 I;
AZ anax{ post ) BZ .amax( post) CZ aaxi post)
o2 4 991 . A% =
5 1.096 5 e i) ) 0335
g 1 085
» ! 202
% 0% e % 505 5t % 06 6.
Time {sec)

(b) Receiving end

3 1 1 ' L4 “a IQ( 1 Q a
31 3.9 uarasdaniduszninaidulszdnigagadiulszaoudrduuianisdae

[ a 1 o as a
fFuseandgegadiutlszneuddueud



24

d s P
M13197 3.6 wan13a5293UWean i 18 @11 Sending end

Phase A Phase B Phase C Zero sequence Result

Max [jz,m:u(pu.\‘l) Max I;Z,max(po:t) Max I(?Z,max(pas!) Max Max Phr{"nax Phxf:in
Sending end
(post) (post) (post) (pre) | (post)

L62x10°] 17911 [.17x10°| 0024 [5.14x107 0.0569 |3.2x10°]9.0x10°) 1.7911 | 0.024 AG

4 o P
M19191 3.7 wan1sns299uneadn 14 AU Receiving end

Phase A Phase B Phase C Zero sequence Result

L L L L L ..
Max | Lizmaposy | Max | Loz maxpos) | MaX | 1z maxposy] Max | Max | PrE,. | PhL, | Receiving

(post) (post) (post) (pre) | (post) end

2.58x10°}  1.196  |901.57 | 0.007  [7.17x10°] 0.0555 |8.5x10*}1.3x10°| 1.196 | 0.007 AG

BTGt v w ‘1 \ ww L L o rl f ﬂ“ 9
HIMDATTAIUNTSUN LUUADSIWE JAZ_M(M,,,IBz'max(,m,)uaw ICZ,max(po.\‘l) NI TguIngy

[y

4'{ 1 t o' d' o 3/ ﬂl a ot A -ﬁ? d”
WerAmgge uazammga etiwnasetou lulumsinsanvoadnineiudail

{ L
1f [( [.’\4'.m:1.\‘(pa.\1)> 1) and (I.I\-'.mam(paxl)> SX thin )] or ([.l\".max(puxl)>50) W (1,("_m1\(lm'l)> 0.4x Phiax)
then

Phase X fault
else

Phase X unfault
end
4
119

(Y] P a ¢l o @ ]

I s = mdudszandgega o naudavead Naudsenevddumanien (= .z

and ;& AIMAIAY)

L =mgegadiowlSeuifoy 7k Ik uag 1t

P hmax G} AZ max(post) s * BZ max(post) CZ ,max( post)
= sgaidionSoudioy 1t L ag 1%

Ph, ﬂ’]ﬂ’]qﬂlual JUNeY 1AZ,max(posl)> [BZ,max(pa.rt) @ £CZ ,max( post)

min
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szymsifavoadasau TashdudseAntludanlsznoudWugudunldlumsata
msdnduTedai
If (1 seco,max (pos) 2 5% Lz ma (pre))
then
Ground fault
else

Unground fault

end

@ 3 o

L - _ 1 w3 = v = A = o a 4
I o maxorey = AANUTEANTGeA 21 DN UARWEAA N wlsznouddugud

[ o ! w a =] =4 = A v a J A
wisnmhmdulszanianmsulasndidauSeudouiieldszyriaveadauiton ly

Hefuud azvhmstiuiinnanssinesh Idineaginasaly
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4.1 jlwwumsrivaue

4.1.1 lsuumsitausvewnaznnuwanisnaasa

' a = ° A a L4
MILUAAINANITNARDIVTUAAIA URTBVDINANITNAADAT IR Wn s AAavoad Tag
@ o ] a o { a J a =) [
Usudumismsinanean lasszezmeinanoadazfnninaniil Id# 18 1uds (Sending end)
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MANUIN 1.
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Discrete Wavelet Transform for Fault Types in
Underground Distribution System

A. Ngaopitakkul® and C. Apisit®

“Department of Electrical Engineering, Faculty of Engineering, King Mongkut’s Institute of Technology
Ladkrabang, Bangkok 10520, Thailand E-mail : knatthap@kmitl.ac.th
bDepartment of Electrical Engineering, Faculty of Engineering, King Mongkut’s Institute of
Technology Ladkrabang, Bangkok 10520, Thailand E-mail : a_conanl412@hotmail.com

Abstract. In this paper, a technique for identifying the phase with fault appearance in
underground cable is presented. The Wavelet transform has been employed to extract high
frequency components superimposed on fault signals simulated using  ATP/EMTP. The
coefficients obtained from the Wavelet transform are used in constructing a decision algorithm.
Various cases have been investigated so that the algorithm can be implemented. It is found that
the proposed method can indicate the fault types with satisfactory accuracy.

Keywords: Wavelet Transform, Fault Types, Underground Cable, ATP/EMTP
PACS: 89

INTRODUCTION

When faults occur in the transmission and distribution systems, it is important to
clear fault from the power system as soon as possible in order that transmission line
can reconnect with power system. In previous decade, the development in the
algorithm for detecting the faults on the transmission lines has been progressed and
results in transient based techniques. In order that the transient based protection can be
accurately successful in operation, the application of wavelet transform is employed.
In several research papers, the fault classification or the phase with fault appearance
can be obtained from employing trial and error method [1-3] or from the artificial
intelligent decision algorithms [4-7]. However, most research works have only
considered in the fault diagnosis for overhead transmission and distribution systems
while research work rarely mention about the fault diagnosis in underground
distribution system. In the literature for underground cable [8-13], several algorithms
used in fault detection have been developed for the protective relays. The techniques
to detect and determine the fault location in underground distribution system are
discussed in several research papers [8-9] but the types of fault and the phase with
fault appearance are as important as fault location. As a result, it is useful if the fault
types in the underground distribution system can be identified using wavelet
transform.

Hence, the objective of this paper is to present an application of Wavelet transform
and a decision algorithm in order to identify the types of fault in underground cable.
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The simulations, analysis and diagnosis are performed using ATP/EMTP and
MATLAB. It is noted that the discrete wavelet transform is employed in extracting the
high frequency component contained in the fault currents and the coefficients of the
first scale from the Wavelet transformer are investigated. The comparison of the
coefficients is investigated and used in the construction of the decision algorithm. In
addition, the construction of the decision algorithm is detailed and implemented with
various case studies based on Thailand electricity transmission systems.

WAVELET TRAN SFORM

Wavelet transform is a mathematical technique used in signal analysis. The
advantage of the transform is that the band of analysis can be fine adjusted so that high
frequency components and low frequency components can be detected precisely.
Results obtained from the wavelet transform are shown on both the time domain and
the frequency domain. The wavelet transform which has a change in the analysis scale
by the factor of two is called discrete wavelet transform (DWT) as in Eq. 1 [5].

DWT (m,n) J_ka)y["*kz ] (D

m

Where, yx[" ¥y }is mother wavelet.

POWER SYSTEM SIMULATION USING EMTP

The ATP/EMTP [5-7, 13] is employed to simulate fault signals, at a sampling rate
200 kHz. The system employed in case studies is chosen based on the underground
distribution system as illustrated in Figure 1. In addition, a cross-sectional view of a
cable is shown in Figure 2. To avoid complexity the fault resistance is assumed to be
10€2. Fault patterns in the simulations are performed with various changes of system
parameters as follows :

e Fault types are under consideration, namely: single phase to ground (SLG),

double-line to ground (DLG), line to line (L-L) and three-phase fault (3-P).
e Fault locations on the underground distribution system are the distance of 1, 8,
27 km measured from the sending end.

e Inception angle on a voltage waveform is varied between 0°-180°, with the

increasing step of 30°. Phase A is used as a reference.
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115 kV 50 Hz
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FIGURE 1. The system used in simulation studies.
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FIGURE 2. The configuration of cable in simulation studies

The example of ATP/EMTP simulated fault signals is illustrated in Figure 3. This is
a fault occurring with phase A to ground fault at 8 km measured from the sending bus

as depicted in Figure 1. The fault signals generated using ATP/EMTP are interfaced to
the MATLARB for the fault detection algorithm.

Sending end
2000
-2000
500
-500
500
e 0\/\/\/\N
-500 . o - =
0 0.02 0.04 0.06 0.08 0.1

Time (sec)

2000

-2000
500

-500
500

-500

Receiving end

S S VAYA
JAVAVAVAVA

0 0.02 0.04 0.06 0.08 0.1
Time (sec)

FIGURE 3. Example of ATP/EMTP simulated fault signals for AG fault at sending.



56

DECISION ALGORITHM

Fault detection decision algorithm [13] is processed using positive sequence current
signal. Fault signals generated using PSCAD/EMTDC are imported to the
MATLAB/Simulink in order to analyse the high frequency transient components,
which are superimposed in the fault current signals, by DWT using the wavelet
toolbox. The Clark’s transformation matrix is employed for calculating the positive
sequence and zero sequence of currents. With several trial and error processes, the
fault detection decision algorithm on the basis of computer programming technique is
constructed as shown in Figure 4. The mother wavelet daubechies4 (db4) [3, 5-7] is
employed to decompose high frequency components from the positive sequence

current signals.

I Fault signals generated using

where,

ATP/EMTP P

= coefficient from Wavelet
transform for the positive sequence
current at the time of t+5us

L
1+ 3us)

I Clark’s transformation matrix

pt = coefficient from Wavelet
max(0-+1) 17
transform for the positive
sequence current at the time
from t=0 to t =t+5ps

Wavelet Scale 1-5

| sty PO o clrent I PL, = comparison indicator for a change
in coefficient from Wavelet

transform, used for separation

between normal conditions and faults

Forscale | L = the scale of Wavelet Transfrom

PL =0 andfind P*

maxiD-st)

t=t+5us

(Pl 25° Plrony)

No

A
Nommal
condition

Yes

FIGURE 4. Flowchart for fault detection.



After applying the Wavelet transform to the positive sequence currents, the
comparison of the coefficients from each scale is under investigation. Coefficients
obtained using DWT of signals are squared so that the abrupt change in the spectra can
be clearly found, and it is clearly seen that the coefficients of high frequency
components, when fault occurs, have a sudden change compared with those before an
occurrence of the faults as illustrated in Figure 5. This sudden change is used as an
index for the occurrence of faults. The fault detection decision algorithm has been
proposed that if coefficients of any scales are change around five times before an
occurrence of the faults, there are faults occurring in underground cables.

Positive Sequence Sending end Positive Sequence Receiving end
2000 100
Y ATAY AT ATAYA
2000 -1000
- 2000 5
o
3 1000
A |
0 0
~ 10000 200,
8 5000 I 100 I
w
0 0
« 100000 2000,
§ 50000 I 1000 |
@ 0 3 0
< 10000 10000,
[1}]
" 5000 5000 I
w
0 0
o 40000 100000
§ 20000 { 50000 |
@ 0 ( b
0 0.05 0.1 0 0.05 0.1
Time (SeC) Time (sec)

FIGURE 5. Wavelet transform from scale 1 to 5 for the positive sequence of current signal shown in
Figure 3.

From Figure 5, the coefficients in all scale of the wavelet transform are clearly
changed then it presumes that these signals are fault condition. After the fault
detection process, the comparison of the coefficients from first scale that can detect
fault is considered so that the types of fault can be analysed. The most appropriate
algorithm for the decision algorithm can be concluded as follows :
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The division algorithm between the maximum coefficients of DWT at % cycle of
phase A, B, C are performed as shown in Eq. 2-4.

IL
L _ 7 A,max(post) (2)
AZ max(post) — IL

zero,max( post)

IL
L __ ~ B,max(post) .
‘[BZ,max(pa.\'l) - IL (3)
zero,max( post)

IL
I L - C,max( post) (4)
CZmax(post)y — L

zero, max( post)

where, L = the scale of wavelet transform that can detect fault.
L .

T o sy = maximum coefficient from Wavelet transform at % cycles of phase A

for post-fault current

Ik p .
B.max(post) = maximum coefficient from Wavelet transform at % cycles of phase B
for post-fault current

Ik . p
Cmaxteost) = maximum coefficient from Wavelet transform at ¥4 cycles of phase C
for post-fault current

1L : .
zromaxpost) = maximum coefficient from Wavelet transform of zero sequence
current at the time of % cycles after detecting faults

1% 2 . 3 " .
AZma(posi= " maximum ratio obtained from division algorithm between

It 7%

A, max (post) and zero, max (post)

1} ) . . . . ¢
BZmadposi = maximum ratio obtained from division algorithm between

Iy 1L
B, max (post) and 2zero, max (post)

1t . . . ; S .
CZmadpos) = maximum ratio obtained from division algorithm between

I¢ 1L
C, max (post) and zero, max (post)

From Figure 6, it is shown that maximum ratio obtained from division algorithm is
calculated. For identifying the phase with fault appearance, the comparisons of the
maximum ratio obtained from division algorithm have been performed as follows:
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For detecting the phase with a fault condition

if  [( 1% matposty > 1 ) and (l,'\',.m‘(w,) >SxPhl )} or (lfr_,,,,x(m, >1000) OF (lj.'m,m,,, >0.4x Phk, )
then

Phase X fault

else -
Phase X unfault

end

where,

lL

ranpen = maximum value obtained from division algorithm (/¥=/% /% and ‘&
respectively)

L . . 5 1k 1%
Phus = the maximum value obtained form comparing among *42me(pos) Bz .max(post

Ji L
and CZ ,max( post)

L Y A T A 1% » \E ;
Phyn = the minimum value obtained form comparing among ' 4Zmax(posi) ' 8Z.max(pasr)

]L
and CZ ,max( post)
In addition, for detecting the zero sequence current with a fault condition

L L
If (I zero, max (post) 25x1 Zero, max (pre))

then

Ground fault
else

Unground fault
end
where,
1L

romax(pre) = maximum coefficient from Wavelet transform of zero sequence
current at the time of ¥ cycles before the inception of faults
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FIGURE 6. Result of maximum ratio from the division algorithm proposed in this paper.
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Results illustrated from Tables 1 are obtained from one case of phase A to ground
fault. Case studies are varied so that the decision algorithm capability can be verified.
Various case studies are performed with various types of faults at each location in the
underground cable including the variation of fault inception angles. The results are
shown that the average accuracy of fault type from the decision algorithm proposed in
this paper is highly satisfactory as shown in Table 2.

TABLE 1. Result for detecting types of faults at sending end and receiving end

Coefficient of DWT Sending end Receiving end
] Maxqposy) | 1.71x10° 8.16
Phase A L oy 24303 25339

Max (post) 13.74 0.0534
P B VAL e I\ 00155 0.0166

Max (post) 13.75 0.0536
Phase C T

154 N 0.0195 0.0166

Zero Max(er9) | 3.30x10° 2.57x10°

sequence Max (post). 705.98 3.2214
PHE, ’ 2.4303 2.5339
PRE, 0.0195 0.0166
Result AG AG

TABLE 2. Result for detecting types of faults at receiving end.

(Distani:l::elz;:gf;iio?rom the pigmbencd bl
sending end) case studies SLG DLG LL 3-P

1 130 100% 100% 100% 100%
2 130 100% 82% 100% 100%
3 130 82% 82% 100% 100%
4 130 82% 85% 100% 100%
5 130 82% 100% 100% 100%

Average 89% 90% 100% 100%

CONCLUSION

The applications of the discrete wavelet transform (DWT) for identifying the phase
with fault appearance along the underground cable distribution system have been
investigated in this paper. Daubechies4 (db4) is employed as mother wavelet in order
to decompose high frequency components from fault signals. Coefficients of positive
sequence current signals are calculated and employed in fault detection decision
algorithm. By performing many simulations, the result is found that the fault detection
decision algorithm can detect fault with the accuracy of 100% using scale 1 only. The
maximum coefficients details (cD1) in scale 1 at % cycle of phase A, B, C and zero
sequence for post-fault currents waveforms are used in constructing a decision
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algorithm. Various case studies have been studied including the variation of fault
inception angles, different locations in cable and various types of faults. The results
are shown that the proposed algorithm can indicate fault types with the accuracy
higher than 89%.
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Abstract—In this paper, a technique for detecting faults in
underground distribution system is presented. Discrete Wavelet
Transform (DWT) based on traveling wave is employed in order to
detect the high frequency components and to identify fault locations
in the underground distribution system. The first peak time obtained
from the faulty bus is employed for calculating the distance of fault
from sending end. The validity of the proposed technique is tested
with various fault inception angles, fault locations and faulty
phases. The result is found that the proposed technique provides
satisfactory result and will be very useful in the development of
power systems protection scheme.

Index Terms—Wavelet Transform, Travelling wave, Fault
Location, Underground Cable, ATP/EMTP.

I. INTRODUCTION

The main function of the electrical transmission and
distribution systems is to transport electrical energy from
the generation unit to the customers, Generally, when fault
occurs on transmission lines, detecting fault is necessary for
power system in order to clear fault before it increases the
damage to the power system. Although the underground
cable system provides higher reliability than the overhead
line system, it is hard to seek out the fault location. The
demand for reliable service has led to the development of
technique of locating faults. During the course of recent
years, the development of the fault diagnosis has been
progressed with the applications of signal processing
techniques and results in transient based techniques. It has
been found that the wavelet transform is capable of
investigating the transient signals generated in power
system. The location of fault using wavelet transform was
initially proposed by F. H. Magnago et al [1]. Recently,
several techniques have been employed to determine the
fault location in underground cable such as age cable [2],
bridge technique [3], Murry loop pulse radar [3] and
traveling wave [4-6] but each technique has different
solutions. In addition, a technique selection is available for
fault locating; it depends on several factors such as length of

circuit (or cable) and type of fault (sustained or temporary),
etc.
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Identification of Fault Locations in Underground
Distribution System using Discrete Wavelet
Transform

A. Ngaopitakkul, C. Apisit, C. Pothisarn, C. Jettanasen and S. Jaikhan

This paper is aimed to present a technique based on a
combination of Discrete Wavelet Transform and traveling
wave in order to determine the fault location in the
underground distribution systems. The fault conditions are
simulated using ATP/EMTP and the current waveforms
obtained from the simulation are extracted using the wavelet
transform. The coefficients of the first scale from the wavelet
transform that can detect fault are investigated. The travelling
wave theory is applied to calculate the distance of fault from
sending end.

II. SIMULATION

The ATP/EMTP [7] is employed to simulate fault
signals, at a sampling rate 200 kHz. The system employed
in case studies is chosen based on the underground
distribution system as illustrated in Figure 1. In addition, a
cross-sectional view of a cable is shown in Figure 2. To
avoid complexity, the fault resistance is assumed to be 10Q.
Fault patterns in the simulations are performed with various
changes of system parameters as follows:

- Fault types are under consideration, namely: single
phase to ground (SLG), double-line to ground (DLG),
line to line (L-L) and three-phase fault (3-P).

- Fault locations on the underground distribution system
are the distance of 1, 8, 27 km measured from the
sending end.

- Inception angle on a voltage waveform is varied
between 0°-180° , with the increasing step of 30°.
Phase A is used as a reference.

220kV 50 12 Load

200 MVA Underground Cable 30 km 3RO MW 0.8 pt

Fault
Figure 1. The system used in simulation studies

Ri  Omm

R2 - 20mm

R340 mun

R3 - 43

RS - 35 pun

Figure 2. The configuration of cable in simulation studies

IMECS 2010



ECS 2010, March 17 - 19, 2010, Hong Kong

The example of ATP/EMTP simulated fault signals is
illustrated in Figure 3. This is a fault occurring with phase A
to ground fault at 8 km measured from the sending bus as
depicted in Figure 1. The fault signals generated using
ATP/EMTP are interfaced to the MATLAB for the fault
detection algorithm.

Phase A Phase B !’h:xs.c(’
i 1

(a) Sending end

Phasc A Plase B l’l‘lzm' ¢
H N \

(b) Receiving end
Figure 3. Example of ATP/EMTP simulated fault signals for AG fault

III. FAULT DETECTION

With several trial and error processes, the fault
detection decision algorithm [7] on the basis of computer
programming technique is constructed as shown in Figure 4.
Fault detection using positive sequence current signal is
employed. The Clark’s transformation matrix is employed
for calculating the positive sequence and zero sequence
currents. The mother wavelet, daubechies4 (db4) [7-8], is
employed to decompose high frequency components from
the signals. After applying the Wavelet transform to the
positive sequence currents, coefficients obtained using
DWT of signals are squared. The comparison of the
coefficients from each scale is under investigation. The
result is clearly seen that when fault occurs, the coefficients
of high frequency components have a sudden change with
those before an occurrence of the faults as illustrated in
Table 1 and Figure 5. This sudden change is used as an
index for the occurrence of faults.
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Fault signals generaled using
ATPEMTT

where.

P’(;’m) ~ coefficient from Waveler
* transform for the positive sequence
current at the time of t45us

l Clark’s wansiormition matrix

Wavclet Svale 1-3

| Pesitive sequenie curmem l

= coctlicient from Wavelet
transform for the positive
seqquence corrent i the time
from t =0 to t = t+Sus

Py

PL - comparison indicator for 2 change
in covlficient from Wavele
ransforn. used for separation

v between normal conditions and faults

L the seale of Waveka Transtrom

P‘i =0 und fimd P;“m_"’

(Plussy2 5™ Prugpay)

Yes

P;fk =1 i record time {155

Fanlt condition

Figure 4. Flowchart for fault detection.

TABLE | RESULT FOR FAULT DETECTION FROM SIGNAL SHOWN IN FIGURE 3

Wavelet Sending End Receiving End Result
scale | Max (pre) | Max (post) | Max (pre) | Max (post)
1 0.00004 78,548 0.001403 135,134 Fault
2 0.01662 169,715 0.005627 160,559 Fault
3 0.44905 | 293,555 [0.179792 | 185927 | Fault
4 2.89337 592,877 1.005606 | 322,468 Fault
5 15.1703 352,046 | 4.019407 | 660,034 Fault
IMECS 2010
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Figure 5 Wavelet transform from scale 1 to 5 for the positive sequence of

current signal shown in Figure 3.
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Figure 6 Wavelet transform from scale 1 to 5 for the positive sequence of

current signal in normal condition.

From Figure 5, it can be seen that coefficient detail (cD1)

66

detection algorithm can presume the normal condition of
these signals.

As a result, fault detection algorithm is assumed that “if
coefficients of any scale are changed around five times
before an occurrence of the fauits, there are faults occurring
in underground cable and the coefficients in first scale that
can detect fault is investigated as illustrated in Figure 7.

Sending end
. v : e 1
Ta = 0.04004 > |
Peak = 78,548 |
40000
o i 1 2.
0.039 0.0392 00334 0.03%6 0.0398 0.04 0.0402 0.0404 0.0406 00408 0.081
Recaiving end
14 T —T
ie Ay
Tb = 0.04012 >
Peak = 135,133
80000
40000
il
A e AN,
0.039 0.0392 0.03%4 0.0396 0.0398 0.04 0.0402 00404 0.0408 0.0408 0.041

Time (sec)

Figure 7 First peaks in the scale 1 at both ends of underground cable for
the positive sequence of current signal shown in Figure 5.

IV. DECISION ALGORITHM

Fault can occur along the length of cable. Therefore,
before doing performance decision algorithm with traveling
wave technique in order to locate the distance of fault,
decision algorithm is necessary to understand fault behavior
and the variation of coefficient detail (cD1) obtained from
DWT.

Table 2 illustrates an example of phase A to ground fault
when distance of fault in underground cable is varied and
inception angles do not change. The result is seen that
coefficients obtained from the positive sequence current
decreases with increasing distance between the line end of
the cable and the fault point as illustrated in Table 2. On the
other hand, it is noticed that the first peak time that can
detect fault obtained from the positive sequence current
increases with increasing distance between the line end of

of positive sequence current in previous fault condition has
value less than coefficient detail (cD1) in post fault
condition, Then it presumes that these signals are fault
condition whereas the coefficient detail (cD1) in each scale
of the wavelet transform does not clearly change as
illustrated in Figure 6 so that the result obtained from fault

the cable and the fault point as illustrate in Table 2.

Table 2 Comparison variations of coefficient detail in scale 1 for a case of phase A to ground fault at various fault location of underground cable. (Inception
angle 60° and Fault occur at 40 msec)

Coefficients of high Fault location (Inception angle) (km)
frequency components of | 4 6 8 10 15 17 19 21 25 28
positive sequence current
Sending | Postfault 795,263|457,476| 223,968 | 224,534 | 227,191 | 243,048 | 106,021 | 94,928 | 50,987 | 40,964 | 38,385
end | first peak time | 40.01 | 40.02 | 40.03 | 4004 | 40.06 | 40.08 | 4009 | 40.10 40.12 | 4014 | 40,5
Receiving | Post-fault | 38,227 | 101,149|218,044 | 387,876 | 524,722| 243,216 | 451,725 | 740,296 | 573,795 | 34,464 | 795,050
end first peak time | 40.15 | 40.14 | 40.13 | 40.12 | 40.11 | 40.08 | 40.07 | 40.06 | 40.05 | 40.03 | 40.01
ISBN: 978-988-18210-4-1 IMECS 2010
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Table 3 Comparison variations of coefficient detail in scale 1 at various inception angles for a case of phase A to ground fault at 8 km from the sending end.
(Fault occur at 40 msec)

CoefTicients of high Fault location (Inception angle)
frequency components of 30 60 90 120 150 [ 180 | 210 | 240 | 270 | 300 | 330 | 360
positive sequence current
post-fault 210,317 | 266,169 | 291,729 | 275,334 | 224,535 | 160,940 106,340 [ 72,240 | 59,817 | 67,573 | 96,610 | 147,106
Sending end
first peak time | 40.04 | 40.04 | 40.04 | 4004 | 40.04 | 4004 | 40.04 | 40,04 | 4004 40.04 | 40.04 | 40.04
Receiving : post-fault | 364,245 | 460,796 | 504,740 | 476,010 | 387,876 | 277,750 183,390 | 124,585 | 103,243 | 116,846 | 167,264 | 254,809
end first peak time [ 40.12 | 40.12 | 40.12 | 40.12 | 4012 | 4012 | 4012 | 4012 | 4012 40.12 | 40.12 | 40.12
Table 4 Results of single line to ground fault at different location of underground cable (Inception angle 120° and Fault occur at 40 msec)
Real location _ . First peak time (msec). Proposed Technique
(km) Inception angle Ta T Calculation (km) Error (km)
3 120 40.02 40.15 3.1327 0.1327
5 120 40.03 40.14 4.9584 0.0416
8 120 40.04 40.12 7.6970 0.3030
11.5 120 40.06 40.105 10.436 1.0640
17 120 40.09 40.07 16.826 0.1740
26.5 120 40.16 40.02 27.280 0.780
28.5 120 40.16 40.01 28.693 0.193
Table 5 Results of single line to ground fault at different inception angle (Fault at 8 km of underground system and Fault occur at 40 msec)
Inception Real location First peak time (msec) .
angle (kim) Ta To Calculation
0 8 40.04 40.12 7.6970
30 8 40.04 40.12 7.6970
60 8 40.04 40.12 7.6970
90 8 40.04 40.12 7.6970
120 8 40.04 40.12 7.6970
150 8 40.04 40.12 7.6970
180 8 40.04 40.12 7.6970
Furthermore, when inception angles of fault is varied and 3.8x10°
fault point does not change as illustrated in Table 3. The V= —-—% @

result is seen that coefficient detail (cD1) obtained from
positive sequence current has variation just the same as sine
wave. On the other hand, the first peak time that can detect
fault obtained from the positive sequence current do not
change with increasing distance between the line end of the
cable and the fault point as illustrateD in Table 3.

After the fault detection process, the first peak time in first
scale that can detect fault is considered so that the distance of
fault can be calculated with traveling wave equation. From
Figure 7, first peak time 0.04002 and 0.04015 from the faulty
buses are employed as input data for traveling wave equation
as shown in Equation 1.

de [LT—vx(tB —tA)]
2

)

where,

d = the fault location measured from the sending end

LT = the length of the cable in which the fault is detected
t, = the time where the fault at the sending end is detected

t5 = the time where the fault at the receiving end is detected

v =velocity of the travelling wave as calculated in
Equation 2
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Where, W, is relative permeability of cable (p, = 1)
&, is relative dielectric coefficient (g, = 2.7)

After the traveling wave has been processed, the algorithm
was employed in order to calculate the distance of fault in the
underground distribution system. Case studies are varied so
that the algorithm capability can be verified. The system
under consideration has been shown in Figure 1. Case studies
are performed with various types of fault at each location on
the underground cable including the variation of fault
inception angles and locations at each underground cable.
The comparison of the average error from the results due to
the algorithm proposed in this paper is shown in Table 4-5. It
can be seen that the accuracy of fault locations from the
prediction of the algorithm is highly satisfactory.

V. CONCLUSION

This paper proposes a technique for locating the distance
of fault occurring in underground cable using combination
of discrete wavelet transform and traveling wave. Positive
sequence current signals are used in fault detection
algorithm. It is found that this algorithm can detect fault
with the accuracy of 100% using scale 1 only. Various case
studies have been carried out including the variation of fault
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inception angles and fault types. The results are shown that
the proposed algorithm can identify the fault location with
the average error of 0.385 km as shown in Table 4. As a
result, the application of the discrete wavelet transform
(DWT) based on traveling wave is a good choice in power
system. The further work will be focused on the
development of such a technique for using in loop circuits.
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Abstract

This paper proposes an application of discrete wavelet
transform for fault location in underground cable systems. The
fault current signals from the ATP/EMTP simulation have been
extracted to Positive sequence, Negative sequence and Zero
sequence, The time of positive sequence in first scale was used an
input for detecting fault location. This proposes technique can
neglect the effect of the change in the propagating velocity of
travelling wave, The results are show that the technique give a

satisfactory accuracy.
Keyword: Fault location, Wavelet Transform, Underground Cable.
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