Abstract

NOVEL WAVELET APPROACH TO TRANSFORMER
DIFFERENTIAL PROTECTION

Abstract

Second-harmonic restraining technique and gap-detecting technique are
widely used to distinguish magnetizing inrush current and internal fault
current. However, recently more bigger the transformer capability is, more
longer the transmission lines are and CT’s saturation, more bigger
second-harmonic content of internal faults is even sometimes more than that
of magnetizing inrush current, While, due to modern advanced manufacture
arts and material of transformer, the content of second-harmonic in inrush
current decreases. Relay with Second-harmonic restraining technique may
maloperate and delay the operate time. The cost of relay protection with
gap-detecting technique is very high and this technique may be affected by
CT’s saturation.Therefore,some new transformer protection projects are
proposed resently.

This paper introduces some techniques such as Fuzzy Logic
algorithm, Expert System, Artificial Neural Network, Wavelet Transformation
and their advantages and disadvantages.Especially,kinds of Wavelet
Transformation application in transformer protection are compared and
analyzed,only to find that Wavelet Transformation is a most promising tool in
transformer protection.

This paper presents a new approach of transformer protection based on
Wavelet Transformation. Firstly,system model is constructed by RTDS(Real —
Time Digital Simulator).RTDS 1is used to simulate kinds of magnetizing

inrush current at any switched moment and Kinds style of fault,fault currents
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Abstract

under CT’s saturation and inrush current when energized transformer without
toads.

Then,the output data from RTDS is analyzed by WT of Matlab to analyze
sample current signals of both sides of transformer and get the product of
fault-jump in order to distinguish between inrush current and internal fault
current only to get the new arithmetic.

Finally the arithmetic is tested by RTDS and Matlab.The arithmetic
proved to be fast ,reliable,accurate and simple ,what’s more,it is not affected

by CT’s saturation and the worst faults.

Key Words :internal fault: external fault; magnetizing inrush; RTDS;

Wavelet Transform
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Figl.l: Linel: no-load magnetized character curve with remnant magnetism;
line2: ideal no-load magnetized character curve; line3: internal fault
magnetized character curve
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Figl.2: Areal: saturated or internal fault area; Area2: no-saturated area
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E X 2.3

< 6] (R) B % 52 S AT R D(R) T R 0 F & — A E 1
ALY, -

(1) BiFAME: V,cv,, JEEH jeZ.

(2) BEE: NV, =1{0}, close{QVj}=L2(R)u

JeZ

(3) W FOeV, @ fQeV,,: MEHERT RENEWL, &
S T 3 I 38 10 2 (A R A8 A 5 B — B i
(4) FHABY: HERN ez K

¢(2"%r) eV, = ¢(2'%r ~k)eV,.

(5) Riesz BWFAEN: FEINeV,, €8 {¢(2'%r-—k)lk S z|}#aﬁjz V,

A Risez B 3.
BBV, RoR 20 ST 0T R R R BR AT 4,0 W, RR 0 R B BRI 4

D,, WW,RVEV, HHETH, &
VoW, =V, jez (2-8)

B A

V,OW,OW, & 8w, =V,, (2-9)
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28 PSEERER

MESBRESHWTFERV,TUAERANFEEKEE, WE

Vo=V, ®W, =V, ®W,®W, =.--=V, OW, ®W,_ ®---OW,dW, (2-10)
ZRFEFI W | jez} BER.

(1) fOYeW,= f@-2'meW, jneZ

2) feW, = fDeW,, jeZ

(3) P, >0, 4| >w, MEEfeERAMY, —8, RABEH

Bl - RENE RO ew,, EBXNENjez , BRERY,, |ncZ} B

W, MBERE, Kby, =272 -n).
EX[eVRRIHBRA2HEY fe CR)WIEBIE (AR £

WD “HRER” >, Td, eW REBEMRE (MR fHRHE
SAEL T By . MR (2-10) BERE.

Jo=h+tli=fi+dy+d,==f,+dy+d,++d, +d, (2-11)

EEB f=/f, FULXTREN

N
f=fy+2.d (2-12)

r=1

XRY, B fe P(RETTLUIBE SRR 27V £ R4
( “HEER” ) MAPR2VI<jsNT fHBEES ( “@%” #ar)

SEEEM, TMEELN Mallat BXFEMNEFELHA, RNEZBAHUTF
EH, HiEH 2% m>,
ER 2.1

MRV, R LR K~ MRA, MR — MRS o(x)e X(R), #RH
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E2E SERBRHER

RERRK, wm(x)ﬂ%w(z"fx-n), jneZ, BBy, (DineZiRV, H—

AN IEAEE.
=i 2.2

E o(x) R MRAY, | FEM—AREERH, HERARrEmE

h(n)=(2"' o2 x).0(x-n)), & H(®) jb h(n) ) B8 8 Fourier & #

Hw)= 3 h(me (2-13)
W H () i 2T 51 P 50

|H(0)|=1,4(n) = 0(n") (2-14)

H(w)| +|H(w+7)[ =1 (2-15)

Rz, HHo)HERLLEWR, B
H@|=0  Veel,7)| (2-16)
m |

d@)=]HC2" w) (2-17)
p=i

Eﬁ}ﬁﬁlﬁw(x)ﬁﬁ Fourier 35 # .
3 (2-14) 1 (2-15) XA EHEWENY, HEREZHN H@KRA

L1

lp(x)| = O0(x?) (2-18)
()] = O(x™%) (2-19)
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H2E PEELER

EHR 2.3 |
B, RN MRA, o) RE{,| PEMREER, Ho)RAHN

MR EEE. LR w(), H Fourier T4

q?(m)=c(-‘;i)<a(—f§) (2-20)
ﬁ [}
G(w)=e” H(w + 1) . (2-21)
é.
W, (x)= 2_% w27 x—n) (2-22)

W b, () neZiBW NMBEERE, Y, ) jneZll IR K —AH

WIERZE, XFW,0v,=v,,, HmERRIANE RV TV, FHELHE

J+1

Al

Fsc Ez)iEm T A

EHR 2.1 FIEHE 23 WH, FQRM—I MRAY |

Jez

BE: RERM () MDERBpy@) URBAIMZH Y, 5W, (jeZ). ANRE

FREREW, T MRAEFHEBANATEERNKRLE, &
- MRAS(Multiresolution Analysis System), ZRE[l

MARS = () (%) jezs W) oz § (2-23)

ERAASMZE®E T /R, MEZETJLEREFERE6E:; NMUSHRT

AR TERESH, MESAEUE, +ENMUEEF - RRNBER,
a LT o EEE—FER, I MRAS A TEE S EK 4=
18] .

2.2.2 —4 Mallat B
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F2E PRBRNE

WRERIHAe(x), MEHPIERE (), SNNHELREFRE:

@(x) =D h(nyp(2x —n) (2-24)
w(x)=> g(mp(2x—n) (2-25)
g(m) =(~D""h(l~n) (2-26)
% B2 MRA 2
eV, ¥V, CV, o a7
W, W, W,
@;(x)= 2% (2’ x~k) (2-28)
W, (%)= 2% (2 x- k) (2-29)
WSS RECH f(v), WERE] (£ 2) FHTFMOES 47 %
47 =(F00,. () =27 [F(0(2 5 k) (2:30)
MER j (32 THHAHE S (detail signal) D;f yok
D,f ={f(x)y,, (x)) = 2 | SO (@ x - kyds (2-31)

Y M MEERMN j+1 RES j REWNZE SRR, OE
2 fO)RASPFRBINPREAOERE, BAHESE 49, HHEH 47
D,f, 7RED
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F2E AHEBRER

A f =Y h(k-2m) A%, f
k

(2-32)
D,f=2 glk-2mAl, f
k

EXE-TBHELIA, REHERFZ r0eV,, B f)=4"f, M@k
RAMERKRB A -T<j<), BREH AL SR A

(7D, s
Bp

=4 f=A%F+ _ZJ:D,f (2-33)
—BBERT, TRESK6RERBHT.
B A f D, f LT E AL £, BI

Ajnf =D h(n=20)4] f + 3 g(n-2k)D, f (2-34)
k k

A (2-32) M (2-34) BREFLM BT K Mallat 5 8.

2.3 Daubechies(dbN)/)\ifl &

Daubechies B #1 2 h tit 1 & 42 #) /D 2 #7 % % Inrid Daubechies #i%
RINEER S, SNERAFUTEA:
) PMEREYRRERE O MEHEEKE N IN-T, MR Y B
REMH A N;
2) dONKEHAREXNHYE: HFHEPERY, FXHRERLESHE
i
3) ERMIEEEE S N B 0
4) BEAFEXH.
AR FI A daubechiesd NE R ¥, HMEBE 5 REG=5), RN
RESRENBRMAASE. TE 220 dvd MNEMREEEM N EER.
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B2 MERERHER

(a) RREN (b) BB

W22 d4BIREREM DI EE

Fig.2.2 Scale function and wavelet function

2.4 PEERBREARTESTRARE

HESEHEMNTRAESRELNGERURRTES BAREA
HRERBRITIFIE) RPBRERIAEEN A TR FIHPEER
Ml FRRREARRNGESHNEELR ROBFE—REFREL.

!1

Tt
e 2g

o(f) = (2-35)

2no
L ] — A B 77 R B 6,

je(:)dr #0 (2-36)

MERSBLERTERY, BAY o=08, BF1X 0. BAREMHL
WERMMSER, ENNABEHEE o=0 LFF L. HI,

Wen_ 49 o _d0 i
VOO =="p 0 =" (2-37)
MO REDSETROEL N, BELABIESARMESESERESH TR
it
) WRVEE-REFEBEEGH NI, WOTH v x, EMEE
Pro W PETBRPBRESAR (d/di=0) 28 (y)R ¥ 6, F/ENS
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B2E MEHEEERR

R, BRE yMEHR R,

2) WMEVEFHRIRLGH_HEH, MNYR VN x E ETR. i
PETHNTESRE yORBITA (d/di=0) .

X e g 1 hf B A ) B i 48

w. () = le (f_)! w, D)= _1_.,;,(2) (i) (2-38)
a a a a

WRE&EA .
BEFMBRNRHRE, LAHLEALZN, L vaEE—
EWERBH—, Z9e8. HRX, RE440EY%, UE—FHEHE yoON
REBEREFALBRBOINTES xOWREL:; H—HE, REEEXRE
TEHERBRGENPEERABELZBETHR.

2.5 ZRE—H/NESIIR (wavedec)

¥ : @O[C,L]=wavedec (X, N, ’wname’) :
wavedec A P EERAFNEE XN —HERENIBR, NARE, B
RERNIERZY . WBS8 C Zdi[cAj, cDj, cDj-1, ..., cDIJHR, L
R HcA] KE, cDj KA, cDj-1 WKE, ..., DI FIEKE, X HKE)
HER. ZERBRER—ANDBEH. ZXEANMESH#HIT 5 RESRE.

2.6 —HMNETHRSMHBELAIER (detcoel)

% 3: @OD=detcoef (C, L, N)
detcoef AR — M —4/DE IR, ARTF—HIETHRENS
AR HAOERBRENIN, SRBEMAHC, LIWN— BRI BEERAL.
ZREERB—1MRE, BHKEN length(S)2N,
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BI3IE THARZ RTDS 143

F£3F (HEAZRTIDS MR

RTDS Z& H 1% K Manitoba R H L (HVDC) A B % [1H F5E
MR WDBRENBFIERE, UEARAPNE D RETHEERNEY
ERBIVEDKABITIAY, ER 2 MHK PSCAD/EMTDC A&t F /Y,
RUTEGRS5UGEGBREMNEEERE—BH. RE G 20 42 90 £/
VIHERERSIHEUR, EF TN MRAERETHZRE, BEBETRESR
NESEEELN G EFTHAKFE.

RTDS WEEMRPETERNBAFHM A REARBITHESD. EF
BRI A TR AREHHESTR, CETUREENRGE RS, &HEEH
ARG, BMBEARGH M &L FENE RN ARRRIRIE ., XHRBHRE
ARSI ENENTRENERERT. CREHFEFENRESHARSDE
E, SUTERRNEFRTY, SHERE. BIFMANED, URMEEER RS
T/ HRIFEPAT S EEHE. T ERAFLEREHEMEMAMENER
SR C it

——

3.1 RTDS BYZX1F#% (Real-Time-Digital-simulator)?4

Hal, BT RTDS i & LM BRBER/IEE, — AR UMET
£ Unix L/ PSCAD, —1EE T JAVA & RSCAD (RREIBRIEER
%, \B—R AT Windows R&4) .

PSCAD 344 7] BA4r A BAR JUAN B
1) Draft: HITTR N REMEBHAENB R I E. HEMNESHE LH B

RARKBH I THERMBEE TH.

2} Tline 1 Cable: RBERBEMBBERIH XS . KEHRER AT LLETENR
EEURETHRERNELY, SHRTUERMABRSS2ESYESHE.
A —F, |

3) Runtime: ZTH Draft BER B HESLK (HiFEEE rack Li#1T,
Runtime R B ZEHIMERWEA) . 7 Runtime BRI B & F07
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FIFE THAEAZRTDS A 4

o TR, HH. R, RENMBESOTFLHEXNEITH Case $:4T#
FUIFDHE ML, A& AT LA 3L — 4 Script 345 HIZ1T# 1T H 316§l . plot
th {3 FE AT LR AF 4 mpb B¢ comtrade #& 33X .
4) Multiplot F1 Uniplot: X {R7FH) mpb #& 3\ 7B S0AF 4T -8 it | —T
ISt B ITEH RO EZENME LY 24T
RSCAD #% /5 PSCAD EAHFE. REAEFEARLE, TLEER R
EBEARARIL, MERTARL, BATURFER A jpeg B34, TTL
B RGHETERGE, ATRURASERXRITERRSE, WTUBEIER
LB E. RSCAD HHEENBERL . BT PSCAD ML,
2IIRTDS KIS RSERN. EER 4 E—ERAKGEEH.ERRREK
RERANFERG - FEHOIBRREFREZRAXBENNBEEIKFER
FIMELL

3.1.1 BARGTARERENERE

BAORGTHABEEZANRKEHEMNBIRAS L4 —RIE
A, HFPXEERANKEEEEZWMBSCAHERNZ LA DSP A
CHRES RBIMAIXLEESR, Hf RTDS TULEBEITFHE D RLTHEE
F: EER, L. CXH: EEB/MEE,: BE%EE IR R H 0,
ZRBMAEZNINBAM=ZLHTEAS: HIBINEEEE; FHIBEILE
FhEEHL. RESR . RO EE4E,; SEMEMOV fl TCSC); HEHKE
Hy CT. CVT S, APTURHRXERNRAVNERATHRB L TERT
HRANBDRGEMNSE. BTR—THUREBIMNR I RGEHENEZERET
5 EMTP & EMTDC R F —H#=HAEM F6.

3.1.2 RTDS HWEHHIF=E

RTDS WE AR FERBEITENBNREREMRSHEIBRAR
# RTDS M4 E. S =L DSP SR ETHENFITABEARBLURLTE
BN TN BEAGFLE. RTDS RER/NBE ARG TH4EFIEEIHE
TAEBAFRS . REBRTR—RKEREFEHEHERN S, XS LHHH
ARBAB A— LR EE P, TMESER BT XE S
PR EEMLE /OFEE L, REENS—NMMESERAHFEFAHBMHAER

24



HIR RARLKRTDS 4

PHKERTUMSEELNBTEMNER. BIRRDMHRFLSH T ENG
REPMIRFK.

3.1.3 WIC v+ ZEFIRERS

WIC -FH) M68020 RSN ZIEZS B ERERFTIIRITT AR 1
BEREABEERNKENEELE A RAESREEEERS . XLRE
AERBLERE VOBER. RESHEREPHIEEITS. EMNEA
4% 5y BB W IE R W B 2 ML BE1T B 5 B R 0

ATENTE—-TRAREELTSRBUNT:

1) AEXHEER()FTEXN—ATERTE: CHESERTELE F
M HhEAT OB B A BT S R BIE EE 4

2) TELHIERdraf)FPEY—PMEDREHER, RERFLEHELBF
R,

3) FEENEBATPuntime)BITHE; THETERFEH-,ITLLS RTDS
AEFEHHEET. T REEITRESRERIIAESANITELT
%% RTDS L3353 RTDS BT A EE T2, /o7 UL A i 46 8%
RTEEFEN—ERNENBHRHITHAEETERERENTE, WA E
B —THAFRAERENEE, 22, HPTUEHARBEGSE
RABIBDETH.

4) F Uniplot B Multiplot #iTHH E & B 4. FELRBTHEBMHE

- BIE AT PLESL M Uniplot 1 Multiplot 42 R R #&, 224, #1724,

Hp @GR oH2 MR BRI FER.

3.2 RTDS & {145 #029)

RTDS £ i LR ASLMEN G EB A REE SR L &I+
HENRLZ. RTDS WEHFERE S LEWMKEZE 6UNFEERK. 58
TAEuk@EE AERM RISC TEW,EEETEMEAHF A8 PSCAD, 5
RTDS Sk i RV AU RKRFEITERE . EENETUS KM 4 BHLAME
ERARBERABRNTESR. SEVNADELEBIMN,EEH 4 Kk
TAHMEEG S A RAE 3.1). WIC A T/E¥#E 0O F,IRC X EE#E{E £, TPC
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3% (AR RIDS A4

ARALE R R RRARALEREEFRE 3PC &,

} HiR
WIF | | IRC 3PC | | 3PC |+ + « | 3PC

FRIPCFH 3 LIER

RTDS5 R V.48
660 MHJRITBISEE
IIIIII) AR L0 MbiysS T4 T1Es A
FIRED |
=448

. B 3.1 RTDS fifi {454
Fig.3.1 RTDS Hardware Architecture

D ﬂﬁi@ii’%-ﬁ(TPé )

FHRTPC FHB A RFESH BB DSPARE. SE DSPHERAEYE
BN 44M R/s. EF5 L, B H TPC B S AR, LR EH BB T,
LEITHR AR ARERNIBERR . ZF X ERGE - SREQN.FXE.
ﬁﬁlﬁﬂﬁﬁ])&iﬂﬂj DSP B H R i 38, X D 2 28 B G 50 F i i &
REERE. B TPC LHWIF A DSP WTLUMIEFH A S D ELGHEAN
LI BRGRITRENGTERRE AR AN ERE TR REL).
TPC LM im A F G2 AT A DSP 2 T SR ER ST EELS T
HRED. TPC LS A DSPHRE T XBNEREH AR HEE., X
LEER URR/EAN RTDS LEWEMNE D EE TS/ SR &0 E
#H. BN DSPHFTUTHEE: s BT BEVHELBRHSEE, 1% 12
MBI EMAEE: I6TXEMATE: 6 FXEHNEE. &
F— R EETH,ENTHEEESEH DSP R EL R EE T TPC £ F iy
SRR B EAT Y .

LY

e

2) ZHERF (3PCE)
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FI3IF WHFRLE RTDS N4

40—

(H

T1E
A% f
B1E

=l
R

IEHRERCEHALEESEFTHRA IPC FRMAE TPC £. B 3PC E
H=4 ADSP—21062 L SN BBHK. §H DSPHWERSABHEEF N
120M K/s. B— 1 RTDS #£ L LW 3PC EMHEHBEE R G LE

BRAFATAE. TEHFELIEPHRAINBR I RENEHRZE T4 $
HES 3PC FHHHIMRE . E4 800 ELFF 3PC EHIEER bk

RKFER. FHoH, BT 3PCEHMELBRBAT 240 THEAN G REE
KRG LHBE. KBREREBRNELNBHRENHEAXES) , &
FEAMBEBEDOMEREN AT ABRED.

3) IL{Eui#% O+ (WIF)

.._L\.

% E RTDS RIVIAE RS — Bt WIF R . ETFTEDERESEMRIDS 5
Wiz B EIEREWIF FENRESEENATRMEEENLE

Hl

BREEXK. SEBZHUT/LAMOER: BREQ: REER: 4H

THK B M68020 Ab 2B, {(FER M EAERE, UAXNEORR
WIF R 5 X TEwmz A REE L2 T R R (LAN) B $5 o CLA 53

WE 3.2 B,

Ly
LI

(3

Hulty— Rack WiF

rack #2

B 3.2 WIFRESEXETEINZEAMRMNER
Fig.3.2 WIF— WorkStation(EMS) Ethernet Communications Connection

L
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BI3FE HHRLK RTDS 174

B T Ve B 330 1 3 2 4% 5 45 3E 3PC R # DSP,M 68020 2 B B 4T X 38
ENFRZHIR,EHANEISEHREEIT,MANEET IS4
Rz B{EFIEHIE.

4y EBEEE RJIRC)

EHRKHEEBBEHELH IRC FLAERN.F— IRC FHEE TR HMS
HXBRNANBREERRK. RCFITEHEFT —THRED,—REIE
r——BREFEED,—REWRBE. BRHEEEHFENLL#
TR . 32 (772 80 B4 8 % e il R AT R 48 3 7 A 500MHz By 3 £ 4%
M. B RE AL i BIE WK B R B3 NN BUE BN A B R o B R
RERKNDEEREFAUIGEAFREEL/FEP.

3.3 RTDS L{EJRIB -

FIEAFSHBEREEEH 2048, 2488, BEMKERME RTDS
BMITERE. WHE 3.3 fir.

Wi Rk S %

'

, RTDSIRAT M EE ,.
T iksh R Sge AR

4 3 } )
HsE et BORHEEAER

Kl 3.3 K RTDS AT RIPEZRESHIEAR AR R E A
Fig.3.3 Dynamic analog closed circle test of protection relay by RTDS

1) T {Euy

TEsih PCHLAR, EEAANIGAE, SBEGEREHER, 2
AN, EMEE. DHER. BEERSRERARENEGFREEEY
AE. TEWBEHITEOS RIS ENERZHETHIEGERNZLE, 3+
#21 RTDS S (F H RS F HE1T .
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# 38 THRARTDS I 4

2) RTDS I E RS

RTDS St ERAR ARG HIZ LR, SR TFEREE . BIER
SKEHGERE. BEdXHERBEEARENES oSl ABERTR
RAWESE., NEE—-RREOREWS, RELEBRPOEHTEYT
F5, B D/AZRBBHEREAELFEREE EREERK[HIIEA
Ri&, AHRBIFEEMNREaSREREMHITERE.

3) FHL AR K 28

FL R LR BOK B8 9 h RTDS M E R AR RERIE S, Bidw
MEERAGEEEREEREL, SVAATRFMEMEE. BEME
B 76 P B 1 ST SR A 1

AREGRE R RTDS i R B FEIHRBHSHREABLNER, &4
MR, RABENEPREBNEPHETISANRETEBERATE . %
HEZEESERANHESEREMRNIERARRERLE, RIS,
TMHRRERE., H1E.

3.4 RTDS ByEZE P

RTDS {£ 3% 32 0 30 £ 2L S0 P B 7= 59 BT 35 8 v B s« 45 46 19
TNA BB, BRBESFARRTN: SLXHREPAFNR; K
RN TR EERETN: TERBEEETAS,: ERRLZ NP
%: SVC R4 MBARBERMA, REREI. HomHBEl
TR R SRR RS A, RTDS XERAFUTALTE. ¥
RTDS Al F R 8 MR RBISLTE R P, R8T — B KRR T
BRRAR R R EE— R IR KRBT ERE, Bd5

RTDS {1 FAEF IR, 75 (R4 AR 7= 5 7E R 31 TF R P B 6 3 M R ZE T 35
FHETEY. CESTRNSRBFERNEIERRATE: SXEM
R AT RGP T L RR . 5 0E  I5 208 28 B 5 A
RERHRIPRIE W, FATNESE SRS R TEPNIETR. BESRS
e L 0 R R VR LB T B LR SR AT O M, FEERELA . FERE
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BI3F (HHEH RS RTDS i+ 4

REPHENERE, BHHNRFAR; EFDERFEMEFRB AR, B
NEMBESEKHEMNFT. —RUEX, B RTDS JI L4 B4R =M, N
BLA B EBCCRMEFRR AR, ¥ RIDS TEN®BEE. ARBHEEER
HAESHITHARRBERBARETHPTMCTH ZRilmE. —L
HMENEOBBRAREXREERBTRARTELEN. ¥4LF A RTDS
ERET (BHABRERPRIIBEXREREMS) PREUNPRKERL
BRIEA TR _MEMRAEBVERZZAGNEXSH, ELHWERT R
NTIXBE—1REA. HENEPLBETERPT, CTEH5S ZE PT,
CTEHEER, IRBEREBEANER. EXNETEHERPRBUENBRE
MIEFEBRERER. RTDS BT AVR MR EN A B2 —. H RTDS
FE—RARGAMBRERE PRI R, 5EFK AVR #58FF QA 3H
B, RIDS e B FTRIEERRENTENARBERENEEERESIIR
HEeB N ARG 2EHERENNR S 4.

IR HEBAATERTDS LT BT XN CSL-101B R B F ALtk
FREFBNSERARTIE, BNER —PEEZERIDS FE LR VBN RS
BRMGESEHE, ANNREPEENIIETAIY. KFRFAFTHERA
RTDS iR MR THEARMBEERK R EE DRI621Y,

BLfE 1992 45, IN#E KX manitoba K25 H manitoba B E H P OBLMN
F RTDS S 5 Mk 4k i BE B gk e S HEATWSR . W E gk ep 88, shR G A
MREZRANASBERAK. B34 2ATHEHNHEREHE.

wjmmr—-| mun—i_o_/sm?mm—F g |—@‘\ )

HEXELS

I
s en

a4 HIUMAGEREH

Fig.3.4 Tested simulation system figure
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HIE THRHA RTDS 414

AR TPRB T ZARER . FAHER. LRGSR EEE g ae
WEMET N, RPERBIETSITENHEABURER RS, RNE
BRI 2 B AR Y RETTSEBE I . SCER P AL R T A RTDS F1E G #i)
D L 8% AH I ] DK K Hh B 8 R 1007 T 88 bt AR 128,
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F4E RBERDEERSE

HAE RN T HRRE

FHRRREEERTE RN RS RREERE B EK &R
SR, WFE&SMM, HAXMSHEEET I, EANRRBSHok
AR KE AR RE, HLREBRAMLEERG—M,
BEATREEFERMAM /UL, B CTEREENESBRRERF
WRESANMHEERREORAEL . TEETEBERISTH, HEARE
A (REEHEARE 2%~10%) , XABETEEJREERF 1% . WHHHM
A, FEETRHHERNBEREE, BANKA, BOZRIEESEN
EEMIERMIE, BHXESHTEGUTHE:

1) AEyHEA

2) ZEEBRBMNEBRELME., TENHEKE., GHFR. 28T,
3y ZRERZERERARES S BERE. BENEH:

4 ZEBESHPRBEEN KD FALRBOEE KD,

5) EANEEXRBUHHEEFX, CHURELNETUMHFE X,

BERRNEFEREEERNEMER X, RN THEL
itﬂu-F

n

b =4 +¢ =—¢_cos(an+a)+[p, cosale (4-1)

AP f—RERIHE

¢ —RELNE
o —HEYR

@, — 75 % B B T A R 1

a—5 R EVIA A
n———¥ RS

L,——IE# BT RF .
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H 4B RHERRADSEERGIE

BR43Hr 7% T AR o 1 0L
N WMEETHBa=0FERBE, M

@, =—¢, cos(ar) +¢me-’7|"7' (4-2)

EXHERT, BESBNEERK, REFHNOER, EXNER
wE&lﬁ%,E%WEW¥¢%M.W%mgw,%ﬁﬁimﬁﬁﬁﬁ

B 4 B OO AR B T34 26, « B ARIK BT BORE BT R URAT, MESLAOM
R BRMAN, TAERBBARNILE &, RE 50Tk /LAE .

@1

in l
g ; \IJ an
)\

W4l EBRAHERTZHEE R RESE

Fig.4.1 Magnetic waveform of no-load energized in adverse case
2) WREVMA =00 EHBEHRE, W

@, =4, sin{wt) (4-3>

EEHERTATHRESTE, SMBELHHEARE. XK@ % T mEAi.

HTANZEEHSEHOIHEA, DERPEENZRBEAFBRE
Bo —fRYE, MIERBOGRERR, SRR, FRAER, 414
FHRTERRE. KMEERNAERD, KA, ERigy, 7
RELILY. BRTERWITERXTRMMEI AR, HENERER,
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Table.A-1 Generator model parameter

Z iR H ®uiy B, EBX
Name Source Name ST
Type Source Impedance Type: R
Te Voltage Input Time Constant 0.05 sec 0.0
ZSeq Zero Sequence Included No
Imp Impedance Data Format: RRLValues
Wv
Source Wave Type: AC
Type
PPVar Preprocessor Source Impedance ?7 No
Rls Resistance (series) 100.0 Ohms 0 1E38
Es Initial Source Mag (L-L, RMS) 220.0 kV 0.0
FO Initial Frequency 50.0 Hz 0
Ph Initial Phase 0.0 deg -360.0 360.0
Tf Fault Duration 0.10 sec 0.0
Rf Source Voltage During Fault 0.50 pwu. 0.0 2.0
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Table.B-1 transformer model parameter

Name Description Value Unit Min Max
Trf  TransformerName Tl
Primary Winding
YDI Delta
Connection
SecondaryWinding
YD2 Y
Connection
Lead Delta lags or leads Y Lags
Transformer
type Saturation
Model Type
Tap Changer (type cannot
tapCh No
be Linear)
edge Tap Trigger on Rising Edge
inps Tap Changer Inputs RunTime
Transformer rating ( 3
Tmva 100.0 MVA 0.0001
Phase )
f Base Frequency 50.0 Hz 1.0 300.0
x} Leakage inductance of Tx 0.1 p.u. 0.001 1.0
NLL No load losses 0.0 p.u. 0.00 1.0
Base primary voltage
VLI 220.0 KV 0.0001
(L-L. RMS )
Iml MagnetizingCurrent 1.0 % 1E-4 le3
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Renewal Table.B-1 transformer model parameter

Base secondary voltage (L-L

VL2 110.0 kV 0.0001
RMS)
Im2 MagnetizingCurrent 1.0 %o 1E-4 le3
Use a sgparate processor for
Sproc YES
Tsat?
Sat  Saturation Placed on Winding #1
Xair Air core reactance 0.2 p.u. 1E-3 10.0
Tdec Inrush decay time constant 1.0 sec  1E-3
Xknee Knee voltage ' 1.25 p.u. 0
Lw Loop width 0 Y 0 100
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Table.C-1 Line options

BRR = ¥ AL W1E WMAEHE BEME (HD
N 5 f& (Bergeron)  JEHefir TBR R EE V1B &R 50.0
R C-2 LB
Table.C-2 Conductor data
S&%S# S & 2R FHRY MEHER YV
(15.25.3%) Chukar W (AC) 110.0kV
V =M EH B (KA) (BB £R¥WERAR () & &
B RE/AMS
0.0, -120.0, 120.0 5.0 20.0._-100. 140.0 2
FHETRELE NHE&EFFLEE KFET7 AR B X mERY
__2.03454 (cm) 45.72(cm)_ -10.0. 0.0, 10.0(cm) 30.0(m)
RE T E P R _ﬁ%'&lﬁ R P %
10.0! m) 0.03 206!0hms/km! 100.0!1(1112 100.0( ohm/m)
RC-3 ESLIEE
Table.C-3 Ground wire data
T L LA SHLB KEH HERE X
Mgk 1. Hagk 2 7/16 Steel 0.55245 (cm)  -5.0. 5.0(cm)
ERY (m) FE TR (m) HitRpHZE
35.0 10.0 2.8645 {ohms/km)
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Fig.D-1 current transformer(CT) parameter

A™ R {H oy B BX

NAME CT Unit Name CTI1

SIGA Signal Name IL1A

F Frequency 50.0 Hz 0

csa Cross-sectional Area 1.91532¢-3 mn2 0.0

PLen  Path Length 0.4987 m 0.0

Rini Initial Remanence 0.0 p.u

FLXRS Enable Fiux Reset? No 0 )
Core characteristics

DE Vrms,Irms
data entry
Secondary Side

Rs 0.253 Ohms 0.0
Resitance
Secondary Side

Ls 0.8e-3 H 0.0
Inductance

Ratio  Turns ratio 500 0

Rbi Burden series resistance 10 Ohms 0.0
Burden series

Lb: 10e-3 H 0.0
inductance

LoopW Loop Width 50 Yo 0 100

M
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