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Thesis FAULT DIAGNOSIS IN COMPRISING MULTI-DISTRIBUTED
GENERATION IN  DISTRIBUTION SYSTEM BASED ON

WAVELET TRANSFORM
Student Mr. Santipont Ananwattanaporn
Student ID 57601108
Degree Master of Engineering
Program Electrical Engineering
Year 2018
Thesis Advisor Assoc. Prof. Dr. Atthapol Ngaopitakkul
ABSTRACT

This thesis proposes characteristic analysis on distribution system consist of
distributed generation during fault occurrence. The fault detection, location and
classification algorithm also been proposed. The system is modelled after Provincial
Electrical Authority’s (PEA) 2 2-kv distribution system. The propose fault location
algorithm based on travelling wave theory by calculated velocity for travelling wave
generated from fault location and time its arrive at both terminal of transmission line.
Discrete wavelet transform will be used to extract high frequency component from
fault signal in form of coefficient value. This value will be used to construct condition
algorithm to classify type of fault. The performance of proposed algorithm will be
evaluated into term of fault location and classification accuracy under various

condition in order to verify its suitability in actual protection system in the future.
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w2 Useinnead

2.2.1  AUNANTDILUUHUNING

ANURANTBIRUTANLIAS (Symmetrical fault) Ao A uRansasfidlonaluszuuudd
sruugnsaunaey Anulemietszinniliun aruReniesaana (Three Phase Fault)
Tnelaazunsuvensasiauanslusuil 2.1

a

Ifa ¢ Zf
b

Ifb * Zf
C

Ifc * Zf

U 2.1 mnsfansesUszLAvama (Three Phase Fault)



2.2.2 anuRiansesuuuldauuing
AuRanseswuuldauuIng (Unsymmetrical fault) e auRengasfiioidnlusyuuay
dwmansgmliAnmuliaugassriaia asfiansesussaniliun
1. pnufinnsemilamlaasnsnd (Single Line to Ground Fault) iuanufiansesdid
Tomaintusnniign Feiiammananndiini uieamesrdudatulassadeuuiu
Tnefflaezunsuvenasfauansluguil 2.2 (n)
2. arufiansessunanseinad (Line to Line Fault) prufianseswlatiintuain
msdmsasvesanesthassdy tnefllnezunsuvesiasiuandluguil 2.2 (1)
3. AUAANTDITEINEIE0UEUAINTIIA (Double Line to Ground Fault) muin
wseilniintuarnmsdmsasasiundontuvesaeiniaendu Tneflnevunsy

YoaTAakanslugun 2.2 (A)

_>
Ifc

() A RANTeIUsTATT S EAINT 126 (Single Line to Ground Fault)

a

Ifa * Zf
b

Ifb * Zf
) Ifc -

(@) ANURANTDIUTELANTEIINNE (Line to Line Fault)
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(M) ANLRANTBIUSELNNEBLNERINS1IA (Double Line to Ground Fault)

JUN 2.2 Inpgunsuvesnnuiansaauulyauminsussinneing 1

2.2.3 29AUTENBUALNING
a3dUsZNaUaNNIAS (Symmetrical Component) [16] tHwiadaaflofliiinsieians
vanivlaliaunafigniiauelng C L. Fortescue Faldgauinszuulsiaunaves n wiawes
anusauvastiedluguszuuiasesauna n yfiFen “osUsznouatinng” vesaees
fasu o n wimwesvesiraresdsynoudiving wesauszraaeasiviniu
dnsulussuvaruimaniniinanuianieswuullauninsizdamalinseua uas
ussulrifnluisiaziainm ulslauna mungquives Fortescue amimuieasilsiaunaves
szuulwihanma ansnsouvadliieglusumawesaugaainn Jaosddszne Ao
1. 83AUSENBUAIAULIN (Positive Sequence Components) Usgnaunig diwes
auyaniuaiiy dyusevihamayiniy 120 eam wavildfumanseiuduma
wosluszuuliihuuvauna
2. 3AUsznavatnuay (Negative Sequence Components) Usgnouniy iWalses
as v
il

anuyafifuninAy Syuserinaasiniy 120 esen waldrdumansatududy
wawesluszuulnihuuvauna
3. saRUsenavawueud (Zero Sequence Components) Usenaudewiaesvei
anulafifuunaindy waslyuseriaarindiy 0 esm
Tunsimsgrdymluszuvaiunanieesnusenevaunnsazdnsmuuna A uLe
Yasa3AUsEnaUddiuuInilu “abc” waresdusenaudiduauidu “ach” dmsugnves
asRUsENaUaNNINTITgNAmuamemilavlagliiay 1 unuesAusenauafuuIN 1av 2 Wnu

asrUszneUMAUaU wazlaw 0 wussrusenaudnurud duandugun 2.3
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Vc(l) Va(l)

74

o VO v, yO
v, V,

JUN 2.3 ddsenavaninasvedawesanualiauna

2.2.4 mswlasvaenansn (Clarke Transform)
A58 UAWBIAAISN AB N15BUANIEATN I ARAMIARSIiDanANUTUTOUVDINS
Ansendysraaula (A8,0) seniswdgulieglusudyaiuesiuseneuauuing a1du

N au wagewd (1,2,0) lngmsudasasearsnauisasnalalagldiuvindauaunis

2.1

QI BV AN e

A :% 0 ‘/_/ —‘/_/xlb

I 'y

B\ sz O (2.0
he
I, e dyareunseualvdiima A

o dyaanszualniig B

o))

b

~ M~

o))

o dyaunsyualnine C

c

[, Ao seRUsznaudafuLIn

D

I, Ao serUsznevardivay

I, s asduseneaudsueue

2.3 mMswdaaanidn (Wavelet Transform)
nsuwladinidn (Wavelet Transform) sJunseuIunIsnI9adinaanslun1sIas e

aidaummganiudyyiadsean awwwzﬂwmmu AYYIUTUNIU eyl

o

De
=7

e-

g udu LU@Q‘UWﬂﬂ’JWNﬁ’]ﬂJW‘iﬂlUﬂ’]‘i’JLﬂ‘i’]%%ﬁﬁym’]m%ﬂuuﬂuna’]LLﬁ%ﬂ’NNﬂiUL’Jﬁ’]
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Weadu Fadunsudasgusuudyaafseenisiasisilieglugluvuiaunsadlyld
Uselowddld 3]

nmsulasamdeaansainnulumeadinamansiailondn dyaraiinsyiuseneviiy

=8

nnsEUINAsUsEE U Fudy g aunidnildnwuraaigndudasendn “Wan
(Wavelets)” Tnedyravuiatdndanaiiinainnisvene (Dilation) wagn1siaoumuma

(Translation) vesilsrdudyaufiisanin “nvidaus (Mother wavelet)” Herdudeyainsam

LAANTN1SVEN8MAZ AR UAWALNALNSORENILAfIENNSA 2.2
1 t—b
W, () =—F=y (—j (2.2)
Ja' \a

A & v = 1
w() Ao induvesdyniasiviani
a Al dudsyansSnisvene

b flg duUsEANSNISaR U LU

Tagn1sudasnnianaiusasuseanidduassuszian fe wladdawuunaiides
(Continuous Wavelet Transform : CWT) bazn1suUadtanianwuutAunuie (Discrete
Wavelet Transform : DWT)

2.3.1 nsulasaniantuusaLilas (Continuous Wavelet Transform)
nsudaanidnuuunariies (Continuous Wavelet Transform) #i8 NSEUIUNNST

AT Rd I LeNkeraIRysENeUAINRE RN IINEYYIUTIVUENRRINITIATIER

<

U

anvauzvesdyuidaulUssLan Daubechies

1 e 1—b
CTW (a,b) =—= | f(t)z//(—jdt (2.3)
Jal = a

~

e

F@)  fe Meiduvesdyaruivinnsiegei
a Ao duuszdnsnisvene

b fla duUsEanSNISaa UM WAL
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(Discrete Wavelet Transform)

2.3.2 (Discrete Wavelet Transform)
(Discrete Wavelet Transform)

Daubechies 24
() ()
24 ' Daubechies
24)
DWT{m,n)=
m )
k
2
(Low-pass filter) “Approximation
(A)” (High-pass filter)
“Detail ()" (Down Sampling) 2

2.5
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‘ Signal j

ﬁ—+ LP = Low-pass filter
HP = High-pass filter

Scale 1

De.tail Approximation
Coefficient (D) Coefficient (A;)

Scale 2 HP iy
Detail Approxim ation
Coefficient (D7) Coefficient (Aj)
Scale 3 HP LP
Detail Approximation
Coefficient (Ds3) Coefficient (Az)

LY

SUN 2.5 uuRInsienesnUsenaudeyn i

U <
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22 kv
30
2 MW
(Single Line Diagram)
PSCAD/EMTP 3L() ()
31
Substation Bus Load Bus
I
OH |
't & Falé Loaﬁmer
DG 1 I I DG 2
DG No. 1Bus DG No.2 Bus
()
() PSCAD/EMTP
3.1 22 kv
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3 | — -
(Three Phase 1 IH_RE

Voltage Source) VI‘" A|Ph

(Multimeter)

| Timeld

. | = Fault

(Timed Fault A>G X Logic
Logic)

(Overhead Line)

(Fixed Load)

3.2

Geoho 2MW (GHFD87-2000/l,GHFD93-2000/1ll)
32

-Base MVA 100 MVA
-Base Voltage 22 kv
50 Hz
-Positive sequence Impedance
3.177272.172 Q
-Zero sequence Impedance
1.223289.999 Q
-Base MVA 1 MVA
-Base Voltage 1 kv
50 Hz

SAC
30 Km
3
7,99 mm
0.164 filkKm
0.92
52 MW
2.3 MVAR
22 KV

16



3.2

Geoho Energy Technology Co., Ltd
2 MW
87/93 m
13/
3

2.2 MW
690 V
1840 A
50 Hz
6
1200 rpm

PSCAD/EMTP 3.2
3.3
2
(Wind Turbine)
( speed = 120flp)
(AC exciter)
|EEE std 421.5
(Wind source)

2 MVA 0.69 kvi22kv



PSCAD
33
El J7_
(Synchronous )
Machine) Tmj WM
JI ™o

18



VrefO Vref
VS
. Exciter (AC1A)
(AC Exciters)
EKIEf If™
(Wind Turbine)
Beta 1
Wind Turbine
(Wind Governor) MOD 2 Type
Pg”
Wind Source
EQ—ons Vw

(Wind Source)

2 [MVA]
0.69 [KV]/ 22 [KV]

3 phase Transformer)

19

(Power
source unit), Regulator controller
circuit

|EEE std 421.5

(V) | ()
(Pitch angle)

2 MVA
435
5944 2

1.225 kg/m3

(Pitch angle)
()
(P)

(VJ

3/
50 Hz
2 MVA
0.69kV
22kV



20

3.3

33

Substation Bus

Load

Wind Power Wind Power

iGeneration No.1 Generation No.2

Clarke” Transformation

Zero Sequence Positive Sequence

Discrete Wavelet Transformation

r Wavelet Signal
squared

3.3 22
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vosdygrusinarnussrusenevanuing fe dygiadduuin au wazaud dyain

U T T

o

asRUsEnavaNunsinglamgduuIn wardrugudazgniiuinsgnnieisnmsulasm
danuulideiles ewunesduszneumiufiged 'Lﬁmﬁulu%aammvmmmmmmmmaa Tagrm
AnualAldluduneudsfivaus fie Daubechies (dbd) Fefimumunzanlun1sinsed
AnsRansesfiAnUuaUds aaﬁﬂssﬂaumm?iqalugﬂmaaﬁwé’uﬂssﬁméluawaLuJaaLQWLﬁmz
gmilldlunseenuuuduneuiBmsseyiuns uazusnuezUszinvaiinnies
amufinnsedussuusmiefldnsddinuazgniraestuiionn 207 nsdl Tagannsn
wensdidnweenlaweselus
1. $nwedesiulalifiwuunszae Yseneulude szuuiiliinisdeusaries
Audaluiwvunsene szuuiifinsdeuromiesiulaluiuuunszaesiuay
wiaaTes LazsuIudeuATos
2. sunadeusdariesiudaliiuuunszae dsznauliie lunsdfiimsdouss
wiesdndalwiuuunseaesuunianies Muniswenaiostndalniiuuy
nszmargnutsesndiunsdiden Aa \lensefiszedlndamilnihdes fidumia 5
Alawwns Wousefiszeznanarudsiisumia 15 Alawns wazlounafiszorlng
aselniiadunds 25 Alawns dwsunsdifidnisdendeniaadnidalviiuuy
nsratedIuILaealATes Muntin e ureveATosuIndzegidiunys 5
Alawns taziniosfidesogimumys 25 Alawnsainanilwihges
3, funthfidnmiuRensesundiedwessuusminglunsdine Usznauludae
MWW 3 6912 15 18 21 24 way 27 Alawmsinanvaaandluiiges
4. wievesnuinnsaslunsdifine Usznauludhe anuRanseswuunilaaasiu
(Single line to ground fault) ANRANTBILUUTEAINHE (Double line fault)
AMURANTDILUVTE NI UNE@AIRY (Double line to ground fault) ANUAANTOS
wuvawe (Three phase fault) AuRAN B UVALIWEAAY (Three phase to

ground fault)

3.3.1 nsalkifin1sdsusiaisasnulialuiluunszane

U

Tunsdifiszuudmiglifinisdendaniostndalniuuunseats fegedmn o
nsvudlrifhanulaiivuiinldanlsunsusiasnidluan1izund waensdflinnnuianses
wuunTladasiu (A-G) fiszaznng 12 Alawastaanaailniiges mmsnuamﬁagﬂﬁ 3.4
(n) wag (v) Mua19U %’aagaéi’ﬁy,ﬁyﬂmﬂssLLalwﬂwamLWaLﬁaLﬁmmmﬁﬂwéaaﬂssmwm q 9

Tuiinldandaanillnides wasdanseluihanusoaguladmned 3.2



3.4

3.4

O w P O w X O mw T O w > O

>

w

3

2.366
0.261
0.267
0.261
0.261
0.267
2.869
2.168
0.262
0.261
0.261
0.262
2.260
2512
0.262
0261
0261
0.262

9

1.607
0.261
0.276
0.261
0.282
0271
2134
2,009
0.262
0.261
0.261
0.263
1.665
1.945
0.288
0.261
0.261
0.288

15
1220
0.201
0.286
0.261
0.292
0.287
1701
1567
0.262
0.261
0.261
0.263
1.330
1556
0.301
0.261
0.261
0.301

21

0.995
0.300
0293
0261
0301
0293
1417
1.280
0.262
0.261
0.261
0.263
1184
1.2%
0311
0261
0.261
0311

22

27
0.849
0.307
0.297
0.261
0.308
0.297
1217
1078
0.262
0.261
0.261
0.263
1042
1105
0318
0.261
0.261
0319
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M19197 3.4 Anseudlnihgean (k) lunsainldiins@euseisesiidalniwuunsyane

€h)
Jszian . SraLMANAIURANTD (NY.)
- ALAUIUE e
ANURANTDY 3 9 15 21 27
A 3607 | 2567 | 1992 | 1.626 | 1373
aonilwie e B 3588 | 2547 | 1972 | 1.608 | 1.358
C 3937 | 2821 | 2191 | 1.792 | 1514
dgua
A 0261 | 0261 | 0261 | 0261 | 0261
mseludin B 0261 | 0261 | 0261 | 0261 | 0.261
C 0261 | 0261 | 0261 | 0261 | 0261
A 2446 | 1957 | 1622 | 1382 | 1.203
aoniliean B 2444 | 1952 | 1615 | 1373 | 1.192
4 E 2456 | 1975 | 1645 | 1.408 | 1.229
GRS GRN)
A 0261 | 0261 | 0261 | 0261 | 0261
mseludin B 0261 | 0261 | 0261 | 0261 | 0.261
g 0261 | 0261 | 0261 | 0261 | 0.261

o

ndgaunsesalnfitlugy 3.4 nundisifeanufinnsostulussuulnidygy

AR

£
=3

nszudlniinfiduinaniunsiavemmilwiihdeslumaiifiaaufinndasiuiiafiugely
aenedllfvezddny Tuvasioriudyaunseualniihiidufinenduwmiadaveaniselndig
manas Werdsuiiisuduannzund esinannssualiihaglnalddsiwmisiiaanuia
N0

nan15itaeslunns19il 3.4 nansliifiuin Ussianvesanufinnsesdamasian
nszudlniiingegelunsas e Tngenszialifigsaantuiinldandaan dlihdeslumad
AemufiansesiuaedifngiudlaFoudeutumarluifomiufionies luvaefiduda
msglhenssudlumailiiannufinniestuasidgnifivaiinannsfisnsoudndes
TnsAnseudlaiinfidaandlnihdosduariimgaaiiotammiiandesUssamaua o

a
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M13197 3.5 Annseudlnihgean (k) lunsaindns@ensainiesiilialuiuuunseaty

Fununiaasedindvaaandlndges

Uszn L. szprfiAnmuiiansos (ny.)
ANURa FILLAUIUUNA NG|
Wog 3 9 15 21 27
A 2309 | 1.497 | 1.084 | 0.847 | 0.695
aodlaieae B 0.223 | 0.200 | 0.188 | 0.184 | 0.184
C 0.189 | 0.208 | 0.224 | 0.236 | 0.245
. P A 0.267 | 0.252 | 0.240 | 0.233 | 0.228
RN LAS0I LTI L
- B 0244 | 0.234 | 0.227 | 0.223 | 0.221
NP LUUNTENY
Q 0228 | 0232 | 0.228 | 0.225 | 0.223
A 0276 | 0276 | 0.276 | 0.276 | 0.276
M5l B 0.276 | 0.299 | 0.310 | 0.319 | 0.326
g 0.284 | 0.297 | 0306 | 0.313 | 0.316
A 2878 | 2.098 | 1.627 | 1.322 | 1.109
andliig e B 2674 | 1884 | 1413 | 1.111 | 0.901
C 0.243 | 0215 | 0.198 | 0.189 | 0.185
=L I A 0332 | 0317 | 0292 | 0.276 | 0.264
LA TA [
GONNLG B 0347 | 0322 | 0.292 | 0.273 | 0.260
LUUNIENY
C 0.208 | 0.208 | 0.208 | 0.208 | 0.208
A 0276 | 0.276 | 0.276 | 0.276 | 0.276
N5l B 0.276 | 0.276 | 0.276 | 0.276 | 0.276
C 0.277 | 0278 | 0.278 | 0.278 | 0.278
A 2226 | 1.602 | 1.890 | 1.073 | 0.919
anline e B 2501 | 1.857 | 1.873 | 1.148 | 0.946
C 0.252 | 0.247 | 2.040 | 0.231 | 0.230
PR A 0.280 | 0.278 | 0.279 | 0.258 | 0.251
dond GERNaRIDGINs
R B 0.303 | 0.297 | 0.284 | 0.264 | 0.254
N2 LUUNTEY
C 0.257 | 0.246 | 0.395 | 0.230 | 0.227
A 0.276 | 0.276 | 0.276 | 0.276 | 0.276
sl B 0.276 | 0.276 | 0.276 | 0.276 | 0.276
C 0.279 | 0307 | 0.276 | 0.331 | 0.339




26

A1319% 3.5 anszualniiigege (k) Tunsaifiinsideusdeiniasiidaluiuuunszany

Fnnuniaasedindvaaandluindes (sie)

Uszn L. szprfiAnmuiiansos (ny.)
ANURa ATLAUIUUNA NG|
wloq 3 9 15 21 27
A 3.608 2514 1.890 1.498 1.231
anfilvidoy B 3.613 | 2503 | 1.873 | 1.480 | 1.212
C 3.877 2.704 | 2.040 1.623 1.335
A A 0.332 | 0.304 | 0.279 | 0.263 | 0.253
vAs0Ir LR LA
RPN B 0.331 0.308 | 0.284 | 0.269 | 0.259
RUUNTEANY
C 0.499 | 0.456 | 0.395 0.356 | 0.329
A 0.276 0.276 0.276 0.276 0.276
ﬂ’li&’h\lﬂ’l B 0.276 0.276 0.276 0.276 0.276
G 0.276 0.276 0.276 0.276 0.276
A 2.443 1.908 1.527 1.259 1.065
ﬁﬂ’lﬁh\lﬂ’léaﬂ B 2.462 1.919 1.531 1.259 1.058
o 2.439 1.869 1.497 1.249 1.064
| A | 0288 | 0.283 | 0.270 | 0.259 | 0.251
auvla wwsoarL il
A B 0.281 0.281 0.270 0.261 0.253
AN LUUNTEANE
C 0.365 | 0.363 | 0.335 0.315 | 0.299
A 0.276 0.276 0.276 0.276 0.276
ﬂ’]‘iﬂ‘V\lﬂ’] B 0.276 0.276 0.276 0.276 0.276
C 0.276 0.276 0.276 0.276 0.276

Nndygrunseualninlusu 3.5 Weifnanuiansesdulussuudmiieniinng
Weunamzasnilialwiuuunszarednuiuniuaiadndvaandlniiges Anszualain
PnTaaadlnirdestduaziiananasdafisuiunsdiiilddnmsBeunaniasnidaluiwuy
ey Weunnitestidalihuuunseaeazdrenseualniludgaifiannuianses
sufunszudlniantaaandlnigos

Han153180dlumsNd 3.5 waadindnyagnginssuvesanuiansasluidasyseinm
A A dl' ] 5 o a a g PR aa 1A d' i =
WellnsWeusdeinsasindalniuuunszare danuadieadtunsdiiilifinsdouseinios

Sdlalndsuunseane lnefwsasndalninuunszansensewdalndrlumainiannuia
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M131497 3.6 Anseudlnihgean (k) lunsaindns@ensainiesiilialuiuuunseay

UIUNRTILATINANE LA

Uszim seavfiAnANURnNTDs (N1l
ANUNA RIS e
. 3 9 15 21 27
SIEN
A 2317 | 1531 | 1.137 | 0.888 | 0.733
andlwineae B 0.235 | 0.225 | 0.218 | 0.209 | 0.208
C 0.205 | 0.223 | 0.236 | 0.249 | 0.259
p PR A 0.267 | 0.266 | 0.262 | 0.251 | 0.244
pilang | wsesrndalwitnuuy
- B 0.243 | 0.243 | 0.246 | 0.238 | 0.234
AN AT¥ANY
C 0.226 | 0.240 | 0.248 | 0.242 | 0.237
A 0.287 | 0.287 | 0.287 | 0.287 | 0.287
msgladin B 0.287 | 0312 | 0326 | 0.334 | 0.340
C 0.295 | 0.308 | 0.323 | 0.330 | 0.334
A 2891 | 2161 | 1.732 | 1.396 | 1.166
andlaiine e B 2684 | 1935 | 1.499 | 1.169 | 0.943
R 0.252 | 0.238 | 0.227 | 0.210 | 0.202
el A 0.324 | 0.347 | 0.361 | 0.330 | 0.308
wseaRndalwA LUy
doag B 0337 | 0.353 | 0.368 | 0.330 | 0.305
A58
. 0.210 | 0.210 | 0.210 | 0.210 | 0.210
A 0.287 | 0.287 | 0.287 | 0.287 | 0.287
sl B 0.287 | 0.287 | 0287 | 0.287 | 0.287
C 0.287 | 0.288 | 0.289 | 0.289 | 0.289
A 2236 | 1.635 | 1.362 | 1.134 | 0974
andlineae B 2509 | 1.915 | 1.518 | 1.211 | 0.993
C 0.263 | 0.278 | 0.279 | 0.264 | 0.259
i .. A 0.277 | 0.297 | 0.313 | 0.297 | 0.285
doula | winarndalniwuy
- B 0.298 | 0.322 | 0.338 | 0.311 | 0.292
AN ATANY
C 0.253 | 0.257 | 0.259 | 0.249 | 0.243
A 0.287 | 0.287 | 0.287 | 0.287 | 0.287
sl B 0.287 | 0.287 | 0.287 | 0.287 | 0.287
C 0.290 | 0.320 | 0.338 | 0.348 | 0.356
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A1319% 3.6 Anszudlningege (k) lunsaiffinsiWensaiasesiulalufiuuunszany

o 4! d‘ 1 1
UIUNRTNLATOINANE LA (919)

Usziam seavfiAnANURnNTDs (N1l
ANUNA RIS e
. 3 9 15 21 27
NAPN
A 3.607 | 2579 | 2.010 | 1.584 | 1.297
andlwie e B 3.611 | 2565 | 1.988 | 1.563 | 1.274
C 3.895 | 2794 | 2172 | 1.704 | 1.391
P A 0.335 | 0.331 | 0322 | 0.298 | 0.284
Lﬂi@ﬂﬂ?LUﬂ1Wﬂ’]LLUU
RFINLG B 0.331 | 0336 | 0340 | 0.314 | 0.296
N3¥NY
C 0.468 | 0.521 | 0564 | 0.485 | 0.433
A 0.287 | 0.287 | 0287 | 0.287 | 0.287
sl B 0.287 | 0.287 | 0.287 | 0.287 | 0.287
C 0.287 | 0.287 | 0287 | 0.287 | 0.287
A 2445 | 1.960 | 1.629 | 1.336 | 1.124
anildieon B 2464 | 1973 | 1.635 | 1.338 | 1.120
C 2456 | 1.933 | 1.572 | 1.302 | 1.104
T\ A 0.289 | 0305 | 0.313 | 0.295 | 0.281
@l | wIasriudialudwuy
3 B 0.281 | 0301 | 0.315 | 0.300 | 0.287
AN N3¥1Y
C 0.349 | 0.402 | 0.445 | 0.405 | 0.375
A 0.287 | 0.287 | 0287 | 0.287 | 0.287
sl B 0.287 | 0.287 | 0287 | 0.287 | 0.287
Q 0.287 | 0.287 | 0.287 | 0.287 | 0.287

Mndyayraunseualnfinluguil 3.6 wagnanisinaeddunsed 3.6 uandliindedia

a I 4? o 1 d‘d 4' ! dl' ° a o 4! d'
AnuAansesulusruuImheidnsifeuderiosnidaliinuunsgate Sruauniuaies
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M13197 3.7 annseudlnihgean (k) Tunsaindns@ensainiesiilialuiuuunseay

Fruuniiantaslndadanisy i

Uszim seavfiAnAuRnNsas (nal)
A RISV e
. 3 9 15 21 27
WO
A 2.328 1.540 | 1.144 | 0.915 | 0.765
anfiluiieon B | 0246 | 0241 |0.236 | 0.235 | 0.235
C 0.222 0.241 | 0.256 | 0.267 | 0.278
. .. A | 0267 | 0269 |0.268 | 0.265 | 0.260
RN wsearndalnAwuy
- B 0.242 0.243 | 0.245 | 0.249 | 0.250
AN A5¥9Y
C 0.225 0.238 | 0.245 | 0.251 | 0.252
A 0.298 0.298 | 0.298 | 0.298 | 0.298
szl B 0.298 0.323 | 0.336 | 0.348 | 0.358
C 0.307 0.320 | 0.334 | 0.344 | 0.352
A 2.903 2172 | 1.741 | 1.458 | 1.243
anlndihdey B | 2692 | 1941 | 1.503 | 1.218 | 1.003
W 0.263 0.251 | 0.241 | 0.234 | 0.225
| A A 0.317 0.339 | 0.353 | 0.362 | 0.356
s lnAwuy
GONNLG] B 0.330 0.344 | 0.355 | 0.367 | 0.365
ALY
C 0.213 0.213 [ 0.213 | 0.213 | 0.213
A 0.298 0.298 | 0.298 | 0.298 | 0.298
szl B 0.298 0.298 | 0.298 | 0.298 | 0.298
C 0.298 0.299 | 0.299 | 0.300 | 0.300
A 2.250 1.646 | 1.372 | 1.182 | 1.032
anfiluilegon B | 2518 | 1.923 | 1.525 | 1.260 | 1.055
C 0.274 0.293 | 0.296 | 0.297 | 0.295
A A 0.275 | 17.926 | 0.310 | 0.321 | 0.322
GRNSIG! wsearLdalnA Uy
- B 0.295 | 17.634 | 0.330 | 0.341 | 0.339
AN A5¥91Y
C 0.251 17.634 | 0.257 | 0.260 | 0.260
A 0.298 | 19.960 | 0.298 | 0.298 | 0.298
szl B 0.298 1.646 | 0.298 | 0.298 | 0.298
C 0.303 1.923 | 0.350 | 0.363 | 0.374
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A1919% 3.7 Anszudlningege (k) lunsdiffinsiWensaiasesduialufiuuunszany

Fruuntianiadlnddanseludia

Uszim seavfiiAnAuRnnsas (nal)
AR SIS e
, 3 9 15 21 27
W09
A 3.609 2578 | 2.007 | 1.644 | 1.375
anfiluiiedon B | 3612 | 2564 | 1.986 | 1.621 | 1.352
C 3911 2.807 | 2.184 | 1.788 | 1.490
A A 0.336 0.336 | 0.335 | 0.326 | 0.311
wsearLdalnAwuy
GRPNG] B 0.330 0.337 | 0.341 | 0.345 | 0.340
ALY
C 0.443 0.488 | 0.525 | 0.558 | 0.555
A 0.298 0.298 | 0.298 | 0.298 | 0.298
a5z lulih B 0.298 0.298 | 0.298 | 0.298 | 0.298
C 0.298 0.298 1 0.298 | 0.298 | 0.298
A 2.451 1.963 | 1.628 | 1.390 | 1.198
dafiludirean B | 2469 | 1.976 | 1.636 | 1.393 | 1.196
@ 2.469 1948 | 1.592 | 1.359 | 1.170
HJILY A 0.289 0.306 | 0.316 | 0.320 | 0.315
GRS vAsoarL LAY
\ B 0.281 0.301 | 0.315 | 0.325 | 0.326
AYAY NS¢
C 0.336 0.383 | 0.421 | 0.454 | 0.461
A 0.298 0.298 | 0.298 | 0.298 | 0.298
Azl B 0.298 0.298 | 0.298 | 0.298 | 0.298
C 0.298 0.298 | 0.298 | 0.298 | 0.298

maé’agapmmzuﬂﬂﬂﬂugﬂﬁ 3.7 HaLNan15I1ae9lumIsen 3.7 Welinmuians e
= ° | PP A | A o A ° ~ A Py
Fuluszuudmefdnsilieudanseesiuda biwuunszate Sruundansedlnadanisy
I AnszualnihaziingfinssuvesmuiiansaslussazUszinnadiadiunsdii 1l wazd
wsaardalwiuuunseanedeusslnavaaadlningey waznansavds Waiansaniade
Sesimunisiiinanuiiangas Anseualnihivaniselnfiduasdageniinstineunt,
Wasansmwuiavesasaasudalndwuunszarefarunsasnensewaluidilugans gludla
Tagilodwrusanuiansawindulnddaniselnidn nszualudrfdaniselndrfaedan

anad +1e9a1nAduRwAUfvea18dIsE A3t Lla lWiwuunsaeAuAIwLIAY
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M131497 3.8 Anseudlnihgean (k) lunsaindns@ensainiesiilialuiuuunseay

§1nudeAdes
Usgian srasAnANURANT 09 (ny.)
ANURR ROV wd
, 3 9 15 21 27
NI
A 2286 | 1.444 | 1.024 | 0.784 | 0.640
aofilwilnean B 0368 | 0.320 | 0.288 | 0.272 | 0.264
C 0.273 | 0.300 | 0.315 | 0.331 | 0.343
i A 0262 | 0.248 | 0.236 | 0.231 | 0.227
Lﬂi@ﬂﬂ?Lﬂﬂ1Wﬂ’]LLUU
i 4 B 0.239 | 0.229 | 0.221 | 0.218 | 0.215
2 N9¥ANY LATENN 1
Y OMUG! X 0221 | 0225 | 0.221 | 0.219 | 0.215
asAu e A 0.264 | 0.266 | 0.264 | 0.263 | 0.258
Lﬂi@ﬂﬂ?LUﬂ1Wﬂ’]LLUU
= B 0.237 | 0238 | 0.241 | 0.245 | 0.246
ANILAY LASDIN 2
Q 0.218 | 0.231 | 0.239 | 0.246 | 0.247
A 0.311 | 0.311 | 0311 | 0.311 | 0.311
A5zl B 0311 | 0.338 | 0.352 | 0.364 | 0.372
C 0.321 | 0.339 | 0.353 | 0.363 | 0.373
A 2929 | 2490 | 1.684 | 1.382 | 1.156
anillwiheay B 2604 | 2159 | 1.351 | 1.051 | 0.828
A 0.365 | 0.351 | 0.312 | 0.299 | 0.289
y D A 0.328 | 0.333 | 0.293 | 0.277 | 0.265
Lﬂ‘i’e]x‘]ﬂ’]LHﬂMﬂ?LLUU
Vs . B 0.346 | 0.347 | 0.293 | 0.274 | 0.260
N9YAY LATENN 1
C 0.201 | 0.201 | 0.201 | 0.201 | 0.201
GRNNIG]
i A 0314 | 0.329 | 0.354 | 0.363 | 0.357
Lﬂ‘i@ﬂﬂ?LUﬂ1‘V\|‘N’1LLUU
i B 0.327 | 0.337 | 0.357 | 0.370 | 0.366
N9YA1Y LASRNN 2
C 2604 | 0.207 | 0.207 | 0.207 | 0.207
A 0.365 | 0.311 | 0.311 | 0.311 | 0.311
A5zl B 18.002 | 0.311 | 0.311 | 0.311 | 0.311
C 18.002 | 0.312 | 0.313 | 0.314 | 0.314
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A1319% 3.8 Anszudlningege (k) lunsaiffinsiWensaiasesiuialufiuuunszany

UIUFDIATDY (M)

Usevanm SraMANAIURANTD (N1.)
AUER ROV wd
, 3 9 15 21 27
NI

2211 | 1.822 | 1.303 | 1.096 | 0.946
2525 | 2170 | 1.415 | 1.127 | 0.906
0.396 | 0.398 | 0.366 | 0.354 | 0.346
0.275 | 0.280 | 0.265 | 0.258 | 0.251
0.300 | 0.308 | 0.279 | 0.265 | 0.254

aofilwilnean

wsear il LUy

o A
ALY AN 1

anawa 0.250 | 0.249 | 0.229 | 0.224 | 0.220
aImu D 0271 | 0282 | 0.309 | 0.321 | 0.322
Lﬂi@ﬂﬂ?LUﬂ1Wﬂ’]LLﬂU
|, 2 0.292 | 0306 | 0.330 | 0.342 | 0.340
ANILAY LASDIN 2
0.244 | 0247 | 0.251 | 0.255 | 0.255
0311 | 0311 | 0.311 ] 0311 | 0.311
szl 0311 | 0311 | 0311 | 0311 | 0.311
0318 | 0.337 | 0.368 | 0.382 | 0.394
3632 | 2998 | 1.910 | 1.522 | 1.241
anillwiheay 3.649 | 3.008 | 1.896 | 1.499 | 1.213
3.855 | 3.195 | 2,035 | 1.622 | 1.313
N D 0333 | 0323 1 0.282 | 0.267 | 0.259
Lﬂ‘i’e]x’iﬂ’]L‘HﬂMﬂ?LLUU
Vs . 0331 | 0327 | 0288 | 0.273 | 0.263
N9YAY LATENN 1
0.497 | 0506 | 0.400 | 0.362 | 0.333
GRISIG]

0.340 | 0.341 | 0.337 | 0.327 | 0.311
0.331 | 0.336 | 0.342 | 0.346 | 0.340
0.439 | 0.470 | 0.532 | 0.567 | 0.564
0.311 | 0.311 | 0.311 | 0.311 | 0.311
0.311 | 0.311 | 0.311 | 0.311 | 0.311
0.311 | 0.311 | 0.311 | 0.311 | 0.311

wseardalnd LUy

4 A
ALY LATRIN 2

Mselaih

N|@®[>PIO|™@| >0 >0 R[> >0 R[>0 > 0O @] >
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A1319% 3.8 Anszudlningege (k) lunsaiffinsiWensaiasesiuialufiuuunszany

UIUFDIATDY (M)

Usgian srasAnANURANT 09 (ny.)
AUER ROV wd
, 3 9 15 21 27
NWIDN
A 2471 | 2192 | 1.564 | 1.297 | 1.085
aofilwilnean B 2511 | 2.227 | 1.582 | 1.306 | 1.087
C 2511 | 2210 | 1.539 | 1.250 | 1.025
P A 0.284 | 0.289 | 0.271 | 0.262 | 0.254
Lﬂi@ﬂﬂ?Lﬂﬂ1Wﬂ’]LLUU
i 4 B 0.277 | 0.284 | 0.271 | 0.263 | 0.255
N9¥ANY LATENN 1
RFINLG e 0.358 | 0.377 | 0.334 | 0.314 | 0.297
asAu e A 0.287 | 0.298 | 0.316 | 0.320 | 0.314
Lﬂi@QﬂWLuﬂ1WﬂWLLUU
. = B 0.278 | 0.290 | 0.314 | 0.325 | 0.325
ANILAY LASDIN 2
K 0.329 | 0.357 | 0.421 | 0.457 | 0.464
A 0.311 | 0311 | 0.311 | 0.311 | 0.311
A5zl B 0311 | 0311 | 0311 | 0.311 | 0.311
C 0.311 | 0311 | 0.311 | 0.311 | 0.311

ndeyrunseualninlugdd 3.8 WeifsanuRansosduluszuuimuieniinng
d‘ ! 4‘ o a o d‘ 1 U ) 1 gj
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dednanuRansestuluaedmesszuusmisasfinaduiunainsunsiiin
auRanseslddiansvesasdsisiiandlnihdes wardnsylnih sauludeasindud
avieuanlansaisduiunendulud whundsfiinanufionses Feszoznarfindud unig
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1. msssyiunisnnuiinnsadlaglindugesusn (First Peak Method)

2. mssgyimumisanuiiansetlagisuateiien (Single-Ended Method)

3. Iomaueenfidad (Second Peak Method)
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4.1.2 3¥Ua1eifen (Single-Ended Method)
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Abstract— In the last decade the number of power generation
using renewable energy has been rapidly increased due to the
energy and environmental issue. This trend in renewable
energy has shifting power generation system from Centralized
Generation (CG) to Distributed Generation (DG). With the
new power generation on conventional distribution system,
Analysis on disturbance must be done to ensure safety and
reliability of the system. This paper aim to analyze behavior of
transient signal when disturbance oceur in distribution system
with distributed generation. System under study is 22kV
distribution system consist of wind power generation unit.
Simulation was done by using PSCAD/EMTP program. The
Discrete  Wavelet Transform (DWT) is applied for
decomposition of fault signal. To evaluate wavelet
characteristic when fault occur in the system, Comparison in
case of distribution system with and without wind power
generation were done. Result indicated that with distributed
generation, fault level is increasing and cause a changing in
wavelet signal characteristic.

Keywords-  Distribution System; Distributed Generation;
Wind Power; Fault; Waveler Transform.

[. INTRODUCTION

In present, energy consumption rate has been rapidly
increase due to population and economic growth. Energy has
become a challenge issue for government withlarge
centralize plant has been halt by environment. concern for
people in construction area. So in recent year, government
has set policy to support renewable energy. This cause a shift
in power system structure from centralize. generation to
distributed generation using renewable energy source such as
solar, wind, biomass, and biogas etc. Distributed generation
(DG) definition is power generation range from kW to MW
connected to substation, distribution feeder or customer load
[1]. Benefit from DG installation on distribution system such
as improve reliability reduce power loss in transmission and
distribution improve system efficiency. On the other hand,
DG can cause many technical issue that need consideration
such as Power flow, Grid losses, Voltage control, protective
coordination and fault current [2]-[3]

Literature review in various field has been done in this
paper. In term of distributed generation effect on distribution
system, Research by Coster and et al. [4] has presented effect
of DG on distribution system protection. The resulted
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indicated that fault current depend on size, location of DGs
and faultloeation. In [5], the paper has proposed solution to
protective device-coordination..In [6], the protective device
risk analysis has-been presented. The novel has been test on
distribution system-with coordination issue. Research 1n field
of fault analysis also_has been reviewed. The application of
travelling wave technique in fault detection has been first
proposed _in Dommel and. Michels works [7]. After that
application of wavelet transform_has been constantly
improve. In [8], Magnago and et al. work has presented fault
locating using wavelet transform with the accuracy that
depend on  resolution of - data. Application of wavelet
transform for fault location and classification in transmission
line has been presented in [9]-[10]. The accuracy and speed
of detection “has been improving by applied artificial
intelligent.

As discussed above, it can be seen that many research
focus on fault analysis in conventional system but not many
research has applied wavelet transform in distribution system
with DG In paper aim to present fault signal analysis in
distribution system with distribution system using wavelet
transform. The simulation is done by using PSCAD/EMTP
program. Result from stmulation has indicated the change in
behaviorand characteristic of fault signal when installed DG
inte-distribution system. This characteristic must be taken
intoconsideration when_applied wavelet based analysis on
distribution system consist of DG. Methodology and result
from research can be applied to improve protection device
and scheme to ensure safety and reliability of distribution
system with increasing penetration level of DG.

I1.

Distribution system using in simulation is modelled after
22kV system in northern part of Thailand. The system
consists of substation connected to 5.2MW load with 30km
transmission line. Distributed generation using in simulation
is 2MW wind power generation connected into system at
10km and 20km away from substation as shown in Fig.1.

The simulation is done in three case study in case of
without DG, with single DG and with two DGs connected
into distribution system. Types of faults using in simulation
is single phase to ground fault and three phase fault.

SIMULATION
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In Fig. 1 also shown wavelet transformation TABLE 1. WAVELET COEFFICIENT IN CASE OF WITHOUT DG

methodology, when fault occur in system signal will content Single Phase Fault Thcc Phase Bault
high frequency component. This research. used mother A T Stuic T
wavelet daubechicsd (dbd) to extract high frequensy  fRTTouE T TSIEDe | 00705 | TRIE04 | 021137
component. Mother wavelet daubechies™ has properties of bequence |53 1 50900 | 5555557 | 000585 | 1711697
high accuracy in transient state. High frequency extract from
wavelet transform will be divided into 5 scale. Result from NS L SENN | -LENY L GEBGE | 1518
wavelet transform is coefficient value that came from % Scaled | 0052173 | 4225511 | 0.225419 | 861027
cycle after fault occur. This wavelet coefficient then used for Scale S | 0.066136 | 3.186274 | 0.048111 | 4.655448
fault analysis. Zero Scale | 4.23E-05 | 0.017601 4.24E-04 | 0.056025
Sequence [TSealed | 4.23E-05 | 0.017601 | 4.24E-04 | 0.056025
L. RESULT Scale 3 | 423E-05 | 0.017601 | 424E-04 | 0056025 |
The simulation has been done in three case study; in case Scale 4 | 4.23E-05 | 0.017601 | 4.24E-04 | 0.056025
of without DG, one DG and two DGs installation using Scale 5 | 4.23E-05 | 0.017601 | 4.24E-04 | 0.056025
single phase to ground and three phase fault. Result from Phase A |-Scale 1| 3.54E-04 | 0.158589 | 0.001173 | 0.499774
simulation in case of without DG is shown in.Fig. 2. The Scale 2 | 0001612 | 0522675 | 0.00507 | 3.890576
resulted indicated the pl]ﬂl]ging in signal c_haracteristip as . Scale3 | 0011197 2639893 | 0.044201 | 3.122196
three phase fault has hlgher wavelet coefficient than sm_gle Sealed 10719488 9.463053 | 0366727 | 19.61717
phase to ground fault in all three phas_e amj_l both _substation Saie s 1 0158423 7041742 | 0553351 [ 1037851
bus and load bus. The wavelet coefficient in-each scale has -
been shown in Table 1. In Fig, 3. Shown distribution system RUNED L) Sodp © | SRR | SNRANR | TOIE0A | 324805
with one DG installation and wavelet coefficient.is shown in Sz | 2.4E-05 | 2.68P0OW 0.007961 | 1.00E-04 |
Table 2. It can be seen that with"DG installation wavelet Scaled | 3.50E=04-4..3.51E-04, [10.063086 | 3.03E-04
coefficient in both substation and load does not change Scale4 | 7:34E-04 | 7.40E-04 1| 0.163737 | 6.67E-04
significantly. While coefficient.in"distributed ‘generation bus Scale 5 | '9.59E-04 | “0.001065 | 0.714604 | 0.002255
also has similar trend. While three phase fault has higher Phase C | Scale 1 | 2.78E-05 | 3.14E-05 | 7.93E-04 | 3.14E-05
coefficient than single phase to line fault. In Fig. 4 shown Scale 2 | 2.58E-05 | 2.60E-05 | 0.003806 | 9.91E-05
distribution system with two DG installation and wavelet Scale 3 | 3.49E-04 | 3.49E-04 | 0037897 | 3.76E-04
coefﬁciel?t _iS shown 'in Tab]_C 3. The resulted shown that Scale 4 8 S7E-04 8 6OE-04 0.078525 9.12E-04
characteristic of wavelet- signal also does mnot change Scale 5 10001073 | 9.74E-047 ] 0.133308 | 0003305

significantly while wavelet signal in distributed generation

bus in some phase has change compare to in case of one DG
with higher coefficient value.
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Figure 2. Wavelet transform of fault signal in case of distribution system without DGs installation
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TABLE H. WAVELET COEFFICIENT IN CASE OF WITH SINGLE DG
Single Phasc Fault Three Phasc Fault
Source Wind 1 Load Source Wind 1 Load
Seall 1 2.078E-04 9.628E-06 3.384E-05 9.122E-04 9.628E-06 3.384E-05
N Scale 2 6.915E-04 5. 788E-05 1.898E-05 5.549E-03 5.788E-05 3.846E-05
S’z‘l’;:'c';; Scale 3 5.137E-03 9.364E-04 2.179E-04 5.918E-02 9.364E-04 2.179E-04
Scalc 4 5.918E02 $.033E-03 1:028E-03 1.571E-01 5.033E-03 7.774E-04
* Scale 5} © £'9.246E-02 6.4886-03 3.429E-04 2.990E-01 6.488E-03 5.906E-04
[ T &P camed 3.700E-03 1121E-05 7.036E-04 3.700E-05 4.981E-05
Seale 2 6.075E-05 1.532E-04 5.002E-05 7.036E-04 1.532E-04 3.432E-04
Zero Sequence | Seales 6.075E-05 8.865E:04 3.130E-04 7.036E-04 8.865E-04 3.130E-04
Scalc 4 6.07SE-05 5.050E-03 1.799E-03 7.036E-04 5.050E-03 3.441E-03
Scale 5 6.075E-05 1.472E-02 6.650E-04 7.036E-04 1. 472E-02 6.650E-04
Scale | 41932E-04 7.285E05 1.121E-05 1.751E:03 7.285E-05 4.981E-05
Scalc 2 1493E-03 1.324E-04 5.002E-05 5.500E-03 1324E-04 3.432E-04
Phasc A Scale 3 1.109E-02 1.160E-03 3.130E-04 5.042E-02 1.160E-03 3.130E-04
Scalc 4 1:402E-0] 2.017E-02 1.799E-03 4.482E-01 2.017E-02 3.441E-03
Scalc 5 2.176E-01 3.500E-02 6.650E-04 7.495E-01 3.500E-02 6.650E-04
Scale 1 1.099E-04 7.703E-05 8.920E-05 1'510E-03 7.703E-05 8.920E-05
Scale 2 5.009E-04 3.406E-04 1.658E-05 1.200E-02 3.406E-04 8.557E-05
Phasc B Scalc 3 2.419E-03 2.076E-03 1.970E-04 5.250E-02 2.076E-03 1.970E-04
" Scalc4 5.986E-03 9.347E-03 1.083E-04 1.428E-01 9.347E-03 7.041E-04
Scale 5 1.131E-02 1.004E-02 5.710E-04 8.936E-01 1.004E-02 1.789E-03
Scale | 8.576E-05 S.391E-05 8.036E-05 1.550E-03 5.391E-05 8.036E-05
Scalc 2 1.812E-04 1.459E-04 2.994E-05 9.590E-03 1.459E-04 8.458E-05
Phase C Scale 3 1.514E-03 1.498E-03 1.589E-04 2.789E-02 1.498E-03 2.892E-04
Scalc 4 2.035E-03 3.783E-03 4.248E-04 1.961E-01 3.783E-03 8.298E-04
Scalc § 3.042E-02 2.121E-02 7.483E-04 1. 447E-01 2.121E-02 2.620E-03
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Figure 4. Wavelet transform of fault signal.in case of distribution system with two DGs.installation when three phase fault occur

TABLE 11, WAVELET COEFFICIENT IN CASE OF WITH-MULTI-DG
Single Phase Fault Three Phase Fault
Source Wind | Wind 2 Load Source Wind 1 Wind 2 Load
Scale | 3.435E-04 R.840E-06 9.757E-06 2.704E-05 3.435E-04 8.840E-06 9.757E-06 2.704E-05
Sgale 2 2.066E-03 5.299E-05 2.415E-04 2.159E-05 2.066E-03 5.299E-05 2415E-04 2.159E-05
Positive Sequence Scale 3 3.833E+02 8.799E-04 8.988E-04 1.375E-04 3.833E-02 8.799E-04 8.988E-04 1.37SE-04
Scale 4 3.535E-02 4.848E-03 1.899E-03 1:019E-03 9.559E-02 4 .848E-03 1:899E-03 3.066E-04
Scale'§ 5.863E-02 | 5.905E-03 1.389E-03 | 3:595E-04.| 1.351E-01 5.90SE-03 1.389E-03 | 3.215E-04
Scale | 4.406E-04 3.494E-05 1.354E-05 3.133E-05 4.406E-04 3.494E-05 1"354E-05 3.133E-0S
Scale 2 4.406E-04 .| 1.460E-04 | 6.665E-05 | 3.133E-05 | 4.406E-04 1.460E-04 | 6.665E-05 | 3.133E-05
Zero Sequence Scale 3 1.018E-04" | "8376E-04 | 3.745E-04 |~3.133E-05- | 4.406E-04 | 8.376E-04 '| 3.745E-04 | 3.133E-05
Scale 4 1.018E-04 4.729E-03 1.813E-03 3.133E-05 4.406E-04 4.729E-03 1.813E-03 3.133E-05
Scale S 1.018E-04 1.387E-02 8.005E-03 3.133E-05 4 406E-04 1.387E-02 8.005E-03 3.133E-05
Scale | 1.088E-03 6.777E-05 2.405E-05 2.867E-05 1.088E-03 6.777E-05 2.405E-05 2.867E-05
Scale 2 2.233E-03 1.225E-04 3.309E-04 1.101E-04 2.233E-03 1.225E-04 3.309E-04 1.101E-04
Phase A Scale 3 3.287E-02 1.093E-03 1.225E-03 1.630E-04 3.287E-02 1.093E-03 1.225E-03 1.630E-04
Scale 4 8.196E-02 V.91SE-02 7.423E-03 1.742E-03 2.750E-01 1.915E-02 7.423E-03 1.375E-03
Scale 5 1.368E-01 3.200E-02 1.563E-02 4.610E-04 4.841E-01 3.200E-02 1.563E-02 5.588E-04
Scale | 9.475E-04 7261 E-05 2.816E-05 7.052E-05 9.475E-04 7.261E-05 2.816E-05 7.052E-05
Scale 2 7.934E-03 3.246E-04 1.624E-04 2.388E-05 7.934E-03 3.246E-04 1.624E-04 2.388E-05
Phase B Scale 3 3.256E-02 1.964E-03 1.145E-03 1.063E-04 3.256E-02 1.964E-03 1.145E-03 1.063E-04
Scale 4 1.636E-02 8.627E-03 3.075E-03 2.098E-04 6.779E-02 8.627E-03 3.075E-03 8.006E-04
Scale 5 3.276E-02 9.427E-03 6.637E-03 1.974E-04 5.644E-01 9.427E-03 6.637E-03 1.349E-03
Scale | 9.946E-04 5.161E-05 3.049E-05 6.396E-05 9.946E-04 5.161E-05 3.049E-05 6.396E-05
Scale 2 3.588E-03 1.393E-04 2.768E-04 2.322E-05 3.588E-03 1.393E-04 2.768E-04 2.322E-05
Phase C Scale 3 1.79SE-02 1.413E-03 1.637E-03 3.632E-04 1.795E-02 1.413E-03 1.637E-03 3.632E-04
Scale 4 4.551E-03 3.405E-03 9.657E-04 2.954E-04 1.191E-01 3:405E-03 2.413E-03 2.954E-04
Scale 5 6.293E-02 2.013E-02 7.783E-03 3.455E-04 8.836E-02 2.013E-02 7.783E-03 1.287E-03




IV. CONCLUSION

This Paper aim to present fault analysis in distribution
system with distributed generation connected into system
using wavelet transform. The result simulate from
PSCAD/EMTP program has shown that in case of system
with distributed generation fault current is higher compare
to system without distributed generation due to distributed
generation still generated power into system. With the
current inject to fault location, current in each bus rising
significantly. When analysis fault signal using wavelet
transform, it can be seen that distributed generation change
characteristic and coefficient value of wavelet signal
depend on location and number of distributed generation.
This change in characteristic and behavior has a significant
effect on distribution system especially protective system,
thus a design to improve protection scheme must be done
to ensure safety and reliability of system.
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