=27] (2008. 11.7)

Selection of a Suitable Mother Wavelet for Generator Fault Discrimination

Chul-Won Park’, Kwang-Chul Shin”, Myong-Chul Shin”
Kangnung National University’, SungKyunKwan University

Abstract - AE A< FT(Fourier Transform)d w¢te
2 scale?} shiftel 98 WT(Wavelet Transform)e] A
A=, AFAFY Z+ Eobe]l HFF Mother Wavelet
Ade dig 477 AEHL gk B =852 Bds)
IR A1 A uFEEe Yoo G vy 9
olHEE MY 4 gle d3ElFe B Aotk ATP A&
Holdozng £37% AFdHE ol4sto Atd
A AANHY FEAHE F39

=

=

1L Ag
2F TR AAN2WAA 7P FLB 822 A
Fg dAFo= Yustn Yo FRE ATE 44
ulolch. ole] wet A4 A7 4G mEARA A

(Generator Protection System)o] .2 &}r}H1,2].
o fAN LT AHE mHE o, 242 BAM Azt
7bE A Aoz guA gith

3 33y B2 YAHTAL AHE s F
ZHdE 7] _7;,0] A3 uLx‘jQ%oL} HL;{—]}\A 3 A
 BEAEHE W 71Ed o8 RE2A AL A
|34 R AF e Agdsa Qe AFd gt
Bl Zd Ad5 e 292 Q8 IALSE A2 A4
& ws} Y wAy]) BuAelAxdy wA A7 o
74gd we 299 AN B A A A &

ZHAA Holuse 34U 45 W vIeR
HE Y&AM Soldk I ek V% oid AES Az}
22 dAE dA7) B35 A Al (digital generator pro
tection system : DGPS A AH7|7|(ED) +3
7€ #¥Fory ¥F ECMS(Electrical Equipment
Control & Monitoring System)':’ﬂ gk 487t o] 2o
Aok & Aolt},

197080 warle] YRuZFAES 959 fUxd
AFEHE AL VY6l HEH ofF, HdMs &
A7) AR E FG Q77 Bo] o) FoA f7l F
e AFTAFHZTFANN)S ol &3t H3[8]# FC
NN(Fuzzy Controlled Neural Network)e] &j& 7]%[9],

QA AFGALE YT AR Agtel SAY JFRE
[10], AM 9 £ AHANHE 283 A7 HLE4AF
BE711]e] A=Ak ey oz Az A
Aol A FYE Aoz g¥sA 23T + dE=

o] ¥9d¢ vt ¢le dFelth ¥¢¥ IEEE AF¥FTH
59 9 3 (JEEE Power Engineering Education Committe
e)%f =714 79 BEo t§ Tutorial[12]S HEES

31, 20063 IEEE A A F A A7) Y Y3 (IEEE Power Sy
stem Relaying Committee)= AFLA7] o9} uid
A7) AFRzo A% TFEL AAHIH[13,14]. GE M
ultilin®} SEL ¥ 319 #AtEe] RaAN2EE A,
F&sta oI5l

A 1A BHRIE A o AFHAREDFT)
714 4w S 2 JHRd g ARRSAA7H(Current R
atio Differential Relay : CRDR)¢] 713 €8 Al&dt
[16]. CRDRE ® £ ti¥ e txE LHA71BIAA
7158 DFT(discrete Fourier transform) 71%% 7] 231
2 EAFNEARN TAT duFE At rh
a8d DFT ¥HE 448 A9, AndE9y ds& +
g2 dgste g ARG SH4E 5 Qloke
2 7o) ]3454“3—, a2 dsEAe H2E& S84
ANz 7195 Oid a7 RAR gk ol AE
2ol FHAWIEFDY t¢te® STFT(Short Term F
ourler Transform)e] A tHJx, v 2HA L (scale)
3} o] B (shiftyel <J& WTeo] At ATH17].

AGAES Z+ Bopo] HPFg vy ¢ o)X el(Mother
Wavelet) A#o] A== ATH1E). db4s} Morleto] ¥
EAH7A[19], dbart mAHEEF[20]°0, Morleto] A
Az aERI7|HI} A= YJAB (211, dbs57F
AdEa Foto uA Ad[22]e, db4, sym57F HIF(hig
h impedance fault)[23]9], Meyer, db4, dbl7} HE R
ARe 98 B34, symd, syms, dbdrt ME=E2[24]
Bad Aoz @EHJT. = MODWT(Maximal overl
ap Discrete Wavelet Transform)7} A A A[25]9), db2
7b AFgagtr|g BRI HEdte S48 A5 &
el tH2e], TR EE ok WTH A" 4%
wH7l By 71278 24y $gHer frd 1%
pdgog £3F HG nAAFY dolBHI WAHFW
T)ol 9g @7 ngaddrige] A= AvH2gl

B afdAe @Ay a3 Az BFS HELH
BN Andes 959 J2 v golHals HET
F Y ¢uPEL ANINED. FH WAL gk db2, d
b4, db5, symd, symS, coifd vtE olBBie] & A
Ao uixe &g ulzstPch ALd 7IHS ATP

il

-403-



(Alternative Transient Program) AlE&#o]dozRE
FAg AFdlEHE o83 FEANS HEINATH

2. AAASG A AqAY 3

g ATdAE Bdsld AnBES 9% 39 v
dolnae 4937 Astel A% 2L PAAFDet
ail Coefficient)s] U2 #& ol &3k,

)y Se— v

o714, 4d : oAz FAAF AP ES F,
W o) dAEY FAASF, N AE Y AE Foltt
e dolBy AL WX F£3H AFANTZRE
AAFE AXsd & DWT(Discrete Wavelet Transfor
mE o]43d I wg dojrIe ZIHE £
o}, ©& IDWT(Inverse Discrete Wavelet Transform)&
ol &8 47 71X vl ¢olBRY AL FHY ¥,

A
il

RMS(root mean square) QXE AAbstd FHrrgor. F-

F A0 AUARE §E o188 FAAS U@ 2
He FagozA oFolqT,

3. AdaT

31 ATP o ¢ A= dY
A ¥ f14 93¢ AT AR dolH
8¢ 994 ATPE o8 ALBdE SFASdY
2930l AARATNA 3¢ WEwELF L JrUHw
ol e A% 4B AR Ashed A% AR
o ATAE NELT 07, 0P mAHAL. ABIFH
5 T20[Hzlolth, 3L BAIH L 37.503[ms]$} 41.6703
[msl2 A4A 7HdelF 242 27 A% 0942 39
o

32 NEHo4A 2%

FH9 folRe Fsed X5 (order)E 2, #W(leve
Ne 12 2aRg ANEHA L FA5Y Y. MLD(multi
level decomposition) Z3-& B8 AAF) o db2, d
b4, sym5, sym8, dbs, coifd FAAL] AHE IR
o AEY FA457} 720Hzo)7) @R FAES DWT
o o4 level 1 BAS wid JolEPoz RFsid, =
AHAF1ADY FE%4d 9L 180Hz~DC7F S F4F
B4E 90Hz, FAASFIOD F35 gL 360~180
Hz7} 93, 24535 210Hz7t 9

a3 1& ATRAZ 0° A 3 yREZnge] T
A% AS A% ZAFA E <7 AR dud goln
2 FAAF1(Detail 1:D1) 2t HIZE Ve Alm
D42 90°d) A4t 0°9 ASRY 2ALAFFE B
Az Asa FAAS] A5l A AL ¢ & o
=3

-404-

Comparison between wavelets (Intomnal fault, A phase, O degree)

it 1voke

Sample number
~== b2 e db& —— abs

(@) db2, db4, db5

Comparison betworn wavelots (Internal fault, A phase, O degree)

™4
4
]
1

Sample number

(b) sym5, sym8, coif4
32 1 Aol CHE oo 0[3le) vl (HREDE)

29 25 AnEAZ 00 A 33 ARugng] @
A% A% A% A37 dd 744 vhd o=y 4A
A% kol W@ wlmolt. HnuPe] A AAAFE

e 1324 FE AgHl HoNAA 022 FFs
AL ¢ & Atk
Comaparison hetwesn wavelets (Extermal fsult, A phass, 0 degres)
rooo ﬂ ’\ 7
i !j;‘v]\l("_. A Jule L\-L\: (LD
1 - j AF ﬂm] U-\/”‘\Lo‘v- U \;{ s 0 s0 o

Semple number

(a) db2, db4, db5

Comparison between wavelets (External fault, A phase, 0 degree)

10 20 ) a0 s0 &

Dol 1 s
°
!

Sample numbex

[ eyms —— sym8 — coils
(b) sym5, sym8, coif4
a8 2 Aol et oo floj=isle] B (2IFDR)

AAqAFY AFE wio golB3e] FFA #AA8Ll
qRE rnge A5 A3dee 23dEE g
F e € #& Uiy, A¥ngA B3EHEG
& FolAE Aol ATk WEIASY FF symd,
sym8, coifd FAAFY AL B YeAG 2ZLAHE
#dF £ glE goz FEIH0R godt 1Y W
Rngs 4R nd wA4AF AFIHd AAFE A
o] FYE F£HINA ¥ AL AFIHE Z2HE UE
. WREng 2 o Rage] A% db2 FAAF AH



of A4 nFYHE ALY &
ol7h @ol ettt E R wge
2 Y3 430 AW, YR A
oz sdie FIdE 1f‘rEJrL“TZ} db42} db5e)
o AHE db2e] FAAS A2 fArd A
Blifon, db2e] Z47t g4 FASA HED
Fa%g 948 & g A4S A48 YEd

o
32

T

Bl
M
ol
ob

EO}L
L A

o -{0
* 0
2 o

M
BTl

ol oft . ook

&, o

o

4. B2

off
lo,

dol2g Wae FAAEY 3
’*—12} e e Eo, % =g A

ﬂf— 7‘1]"]6‘}93\‘3} Detall Coefﬁcientiﬂ o
A& dd $£M8& Fsa Daubechies 2(db2) Mother
Wavelet 9] ZAAS1DDo] Bd7e 23Fd 7%
H4stan gd=doh

EE )

[} =34, 34, Az, "2 $d7) 2EAAAAY Y, 9
#4753 A gEds] =RAER, p 564, 2008, 7.

[2] =84, o154 9, "BEAA7] B3R I8 Fgd B 4P,
pp. 1-453, 2003, 6.

(3] H44, 937 9, “BaARNNEGARLY, gL BTYA T
T pp 24-T5, 1988, 12,

[4] =4, 7738) &), “4w712 5 7|8 dugEs B8 REAd
A7, HeA7188 A& =83, pp. 326-328, 2003, 7.

{5} 997, 248, “FEddvA B5E 4% w9y 14 By
a2 F", d3ar)eha] =R Vol 56, No. 5, pp. 854-859, 20

07, 5.

[6] MS. Sachdev, DW. Wind, "An On-Line Digital Computer Apgr
oach for Generator Differential protection”, Transactions of the E
ngineering z_md Operating Division, Canadian Electrical Associat
ion, Paper No. 73-SP-149, Vol. 12, No. 3, pp. 1-6, 1973.

[71 PX Dash, OP. Malik, G.S. Hope, "Fast Generator Protection Ag
ainst Internal Asymmetrical Faults”, IEEE Trans. on PAS, Vo
1. PAS-96, No. 5, Sep/Oct. pp. 1498-1506, 1977.

[8] Hongzhong Ma, Yuanyuan Ding, P. Ju, Limin Zhang, “The Applic
ation of ANN in Fault Diagnosis for Generator Rotor Winding T
urn-to—turn Faults”, IEEE PES 2008 General Meeting, 20-24, J
uly 2008 PESGM2008-000920, pp. 1-4, 2008.

9] Z.Q Bo, GS Wang, P Y Wang, G Weller, "Non-Differential Prot
ection of Generator Using Fuzzy Neural Network”, IEEE Trans. on
Power Delivery, pp. 1072-1076, 1998,

[101Tai Nengling, Juergen Stenzel, "Differential Protection Based o

n Zero-Sequence Voltages for Generator Stator Ground Fault
", IEEE Trans. on Power Delivery, Vol. 22, No. 1, pp. 116-121,
2007.

(11]Qing Tian, Xiangning Lin, Pei Liu, "A Novel Self-Adaptive Co
mpensated Differential Protection Dwsign Suitable for the Gene
rator With Considerable Winding Distributed Capacitance”, IEE
E Trans. on Power Delivery, Vol. 22, No. 2, pp. 836-842, 2007.

[12IIEEE Power Engineering Education Committee, "TREE Tutorial
on The Protection of Synchronous Generators”, Power Syste
m Relaying Corrmnittee, 95 TP 102, pp. 1-78, 1995.

[13]IEEE Power System Relaying Committee, "[EEE Guide for A
C Generator Protection”, IEEE Std. C37.102-2006.

[14]IEEE Power System Relaying Committee, "IEEE Guide for
AC Generator Ground Protection”, IEEE Sid. C37.101-2006.

[15]GE, "GEK~100605 Digital Generator Protection System(DGP)”,
GE Protection and Control, pp. 1-225.

(161837, “driedbak BFEEAZE 98 28T, rp &1 1

99,

[17]e]4E, £58, “WIiHE dojugl ¥E, =, pp. 1-294, 2
003.

[18]JAL Megahed, A. Monem Moussa, HB. Elrefaie, Y.M. Margha
ny, “Selection of a Suitable Mother Wavelet for Analyzing P
ower System Fault Transients” IEEE PES 2008 General Meet
ing, 20-24, July 2008 PESGM2008-000756, pp. 1-7, 2008.

[19]G.T. Heydt, and A. W. Galli, “Transient power quality proble
ms analyzed using wavelets”, IEEE Trans. Power Del,, Vol. 1
2, no. 2, pp. 908-915, Apr. 1997.

[20]F. H Magnago and A. Abur, “Fault location using wavelets”,
IEEE Trans. Power Del., Vol. 13, No4, pp. 1475-1480, Oct. 1
998,

[21]D. ]. Zhang, Q H. Wi, and Z.Q. Bo, “Transient positional protec
tion of transmission lines using complex wavelets analysis”, IE
EE Trans. Power Del, Vol. 18 No. 3, pp. 705-710, July 2003.

{221X. Lin, P. Liu, and S. Cheng, “Effective transmission line fault de
tection during power swing with wavelet transform,” in Proc, IE
EE Power Energy Society Winder Meeting , Vol. 3, pp. 1950-1%
5, Jan. 23-27, 2002

[23]L. L Lai, "Wavelet Transform For High Impedance Fault Identificat
ion”, Energy Systems Group, pp. 188-191, 1993

[24]A. L Megahed, A M Moussa, and A E Bayouny, “Usage of wa
velet transform in the protection of series compensated trans
mission lines,” TEEE Trans. Power Del,, Vol. 21, no. 3, pp. 1213-1
221, July 2006.

[25]K. Silva, W. Neves, B. Souza, "Distance Protection Using a N
ovel Phasor Estimation Algorithm Based on Wavelet Transfo
rm", IEEE PES 2008 General Meeting, 20-24, July 2008 PESGVRO0
8-(01413, pp. 1-8, 2008.

[26]A. Megahed, A Ramadan, W. Elmady, "Power Transform Differe
ntial Relay Using Wavelet Transform Energies”, IEEE PES 200
8 General Meeting, 20-24, July 2008 PESGM2008-000118, pp.
1-6, 2008.

[2710. Ozgonenel E. Arisoy, MASK Khan M.A. Rahman, "A Wa
velet Power Based Algorithm For Synchronous Generator Pro
tection”, IEEE PES Summer Meeting pp. 128-134, 2006, 6.

(2819139, 4194, ‘TR dolHsl WG o] 8d Fv] wHY

BE guEE, gbar|gs =84 Vol 56 No. 3. pp. 834-83
9, 2007, 5.

[201eh2 9, A543, A9E, ‘2FLA7y 2FHE 2 1?4%—1
#3 vz 7, deAr|gs =F4 Vol 57P, No. 2, mp.
102-109, 2008, 6.

[30JC.W. Park, K.C. Shin, M.C. Shin et al,, “Generator Fault Dete
ction Technique using Detailed Coefficients Ratio by Daubech
ies Wavelet Transform”, IEEE Trans. on Power Delivery (2000
8, 8 Proposed)

-405-



