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ABSTRACT

Because of the influence of compound and three-terminal power transmission
lines in 161KV transmission line system of Taipower Company, the theme of this
thesis aims at providing the following algorithms and methods in order to raise the
accuracy of fault location.

By the combination of FIR window filter and discrete Fourier transform, we
propose a new type of filtering algorithm in order to accurate estimated fundamental
component of fault signals. We also propose a modified fault phase classification
method and two different fault location algorithms to deal with two-terminal and
three-terminal compound lines faults, respectively. Moreover, we introduce an
unsynchronized angle correction method and a weighting correction method to
enhance the performance of the proposed fault location algorithms.

All of the above research efforts have been implemented on a 161kV
transmission line fault location platform. When a fault occurred in a 161kV
transmission line system, maintenance engineers can easily input the fault record files
into this platform to verify the waveform of fault signals, to check the parameters of
transmission lines, and to execute the fault location program. The computational
result of faults location would be shown by a diagram to help maintenance engineers
figure out the fault location. This platform has been verified by not only simulator
generated fault data but also field measurements to show the practicality of this

platform.

Key Words : 161kV Transmission Line ~ Digital Relays - Filtering Algorithm -
Compound Transmission Line ~ Fault Location Algorithm ~ Asynchronous Measurement

Calibration ~ Fault Location Platform.
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SRR ANARE B AR RS AGT H Y k) T Lk



BB AL o

2-2-2 iR A

WAL PEAAAAE I E T A 23 A WP - £8 fpre i (aliasing)
TR T HAPRERY L KR - 0 B B T FB 4 & 5 480Hz

TR Ee BT S HE PIR AT 2 214 (Nyquist) 232 &t % #1434E *I(Nyquist limit)
2 240Hz 7 2 T o RRE T AHFE 4 > - LRI RFA S P w
ER#C A B AT B R -H A B e ATl R ,__B’»*{H.J,Tﬁuﬁ YLESD s F F h

'mz7—f{ﬁ%*nb&iﬁmx’%wﬁ'M%WWm%ﬁAAwrugf e

B R L RRGLRR BT R R AR A0 B LB E G K
WA BRI N 2R AN A 9T E T 5P EA-L 1 g 2 i

CECEER SIS S R A
DR G BT RGAAA G A AR FRE L LI YRGS APE R

7
S A R i R R

800

700} i — Af#f] 1
xR =—— Bff

600 — Cif -

500 .

Amplitude (A)
w 5
o o
o o

[~}
o
o
T
1

100 .
| |

3
4:';:»,_ | |
SN 1 b

GO 30 60 90 120150180210240270300330360390420450
Frequency (Hz)

Bl 2-2 L2 d&hha BRI TR FFT 8 8%

2-2-3 winBée e

Aol AL B TS A R SR AS s L Rt R B A e



AL A B Fd e e FL o PR 2 8F LR FHALIAE
FR¥R[8,9]4p it * FIRE %] chf M7 sel gée ol 4L it T IR
A2 ApAFAREEN  BFBEPFREFRR- BBSR F R TR
R (T o 241 % 2L il des 48 & B (Linear Coupler) & 3 (4875 » #114
* XA TR o3  RE s B (Magneto-Optical Current Transformer,
MOCT) » Ha&leafei i - MR BrESRdn 2 5HREN
## % (Faraday Sensor or Rotator ) » §* & inin S r A 4 2 BH e gk Lok
Fod plae g inens o) ood 3 MOCT 7 1 * 480 > #7 e X5 B frhP 4L o i
LA & B Lo n B R - B EF T F SRR 2
* o 2R FRFEFE RFEIWRB R IA G B IR

ik o[10]41 % v R BN e B T R € R R 2T 0 X BERK TN E
R HRDL R B e gt B E e KR K g A B LR R

(Anti-aliasing) & E4xfris Tinit RS 5 F 2 Fim > 2 MR b 5 AiF § W o

>

A 1] * HF E et SR B d R o 0 F WRDL R B foa 4 > (el 7 D
Bt R Bopep oy AUEH FIEEEL o [12]R) B - SRR e TR H R R i
LRI Gk B e fochgE 4 o [13]R] i * R Rlen S R R BAE S o [14]
Pl * B ] 34 T = ;2 (Least Squares Error, LSE) £ % EJ: s % (Taylor Series)

F*””J?ﬁi&’i%:iﬂﬁﬁ%ﬁﬁolﬁ’ﬂ%“ﬁ%%ﬁ&pﬁ

W

TR FAHY RO FL e AP T g o
2-3 #7384 5% & ;2 (Smart Discrete Fourier Transform, SDFT)

RE SR Iy S0 SREE L I S e s S IR C R O
TR F — KRN A S E R F Heo T2t mimic Eeihd B A EX R R
Flch o oo R REANAES > & PR ¥ Boen R PR TR B ERK
WA EIT o R ONEATE 2 E R G AH 2 T B R AR A S
60Hz(s% 50HzZ)> X 16 Fof2 %P5 % oo o 0 % SUIE S 1 dhge B 5 £0.5HZ poo

UL £ T8 e R SO S g W R KR A R R AR - 10 pE
9



KEAME S Z FRF B BAlkns 20 AP AF Bk, Ra DL

’i’r‘%/:\’;fiéifﬁ g ¥ E/fu%/}é"%\'lz‘v\f%?k,’; fw‘_ﬁ‘l‘@‘%%ﬁ; 'ﬂf:‘» ,:E«"ﬂ 3 /;T“:f:/ﬁk‘é'ér\e‘ /)J

%o B AR R G PR AT B S A R L R e

oo T e W ARG R 8 T - BRGSO

SR AL A A R R .

PR AT R A ELA A A e T

X(t) = Zp: X,e“ cos(2Aft +¢;)

i=1
Ho X, @ BT %0 Bk R
a AELY %0 B aE RS
PoDRUELY R0 R aR L e
¢ AELP R 0BEALTER
BRI AT PR IR B 25 (At) » RIS d Bk i 974 4 2 815 2 {x(k)}

x(k) = Zp: X6 cos(27f kAt +¢,)

i=1

[}

Esnd
edf p=ld
cosf=———
Errl X(K) 7 Ak E T

X(k) = %iemkm(xiemebﬁikﬂ + Xiefme*%zfikm)
i=1

Pie- Kl AT AR

X,
:_Iejﬂ
A 2
a —el2dint
b_ :ea,At
z, =Re(q;)

PIQ.10)7 14k 4 7 &
10

(2.7)

(2.8)

(2.9)

(2.10)

(2.11)

(2.12)
(2.13)

(2.14)



p —
x(k) = > b (Aa¥ + Aa*) (2.15)
i=1
EE s W E DT R

2p+l

> Cx(k) =0 (2.16)

C = {22, b be{b, 22, b, 3o 50D, 1,27, by bedb, 22,033 (2.17)

Hdo* (% 4w ¥egf A (convolution) - 1945(2.16)% (2.17) » ¥ 1 B 3| A B & i

whoom o~ F A ACEIUELE A Rl W Al (2.16) 40 b o] E 2 ALk kR
oo =~ FREL S A hREE oo BIIF (216)2 217) FRE § A ipA B

Riptf e i s
IR E AP A NGRIZE AT A Beni@ * > A - B AL BXK-
T gk B RSUELY S8 Tk enS 2 gie 2 ARE <l 3 Mo RLSIEAR § Rk

EEE TERRIEE S

K&)z%jMOﬂMk+n) (2.18)
(I8 ER T ¥ _
HM=AW$EWmm%MAm%ﬁ§Wmm%ﬂ (2.19)
T 7 :
A:Aﬁy“mwﬁ (2.20)
SErs s (219)F Mk A A _
% (k) = Ab‘a¥ + Abka* (2.21)

G T ER R RGEA & DN T 4T

% (k +1)b*a, — X (k)

= 2.22
A (a’ —1)x WCF, (2.22)
He o g KALFE 2+ F]F (Window correction factor, WCF)4r T
M-1
WCF, = > W, (n)ba/ (2.23)
n=0

11



gL R e R R R BT i BARS £ 0 2 RV iR e i
FOrA RAfRaRUEL S A (TR YT B 1 FF (WCF) R R T AT
LB A S SURIGE AR & B o

R B T R F b A B R A 2 R T g
FARGE o BT R G A (R A R AR ) o £ SEART <
A Nz g 2 F S k| T TR AT

.2/m

x(k+n)e N (2.24)

=z
LN

JORES

=]
I
o

B3 Ertgqp & o8 3 4o

_ Xk +1)b ", — % (k)
@ DxFER

A (2.25)

He g g @ > F g r F)3F (Fourier correction factor, FCF)4rT
2 N-1 .27mn

FCF, = brae N (2.26)

n=0

o HP AR RARE R e hiE- Y B - S 0 REET
Fre §EMD (9 4FR)R i paie s 45 - B R AP bR
AR B P A A o 15 B RN PEATAC T
HBEL RIS B R 2 S A
HF2: A1 R 2B AEL e R NRUELGD LSS A dp R R ERE A A
EERE S R T A
Ll IR SN CRN SR 3 U R A A R
£ 417 (216)% (2.17)% £ T ok e lR 5 0ELY A~ L 2 Rtk
HFA: FIZFI TR LB RS 0 T T RG] ERE Y -
HFEOE D EATR * IR ABDOTALMD SRR S A TR R SRR Aot

FIT ST S ST A A o
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HHE: T (216) B A A g > LR PART B FF MAHHE S R

ik BRI 5 -

N 1A R
R SRR G
AT IR A ISR~ I R R AUE R

fask /= 60Hz

m2-1

Y X, (ky=">_C,, (mx,(k+n)

n=0

Rt S A TR B
AARBAPABRE [T ] v
* ’ftz?‘]ﬁuu. ‘/Ekéﬁﬂiffu'j #?ik(b)
b3
ml-1 *
X, (k)= Z('l,,(n)x,,(k +n) MR B AR WA AR
n=0

* X, (k)= mz:(, a(m)x, (k+n)

BN £k =y
2 = (A" A'B v
* 4 DFT
ES B ST E N— Jlnir
£ - cos iz X (k) = NZ J(k+n)e  *
7 27At *
g ~ ~ KA RS
/N f-F1 N\ f=1 KA SA48 & &
N <00001 4 _ax,(k+1)—x,,(k)

—y—F '~ WCF,,FCF,, (a} —1)
Yes - -

X, =24| ¢ =angle(4)

PEREAICR 23 2 2B R hREG 20 - BRERE(N 5
BIERLP )RS R vt L YA 2 R E 2K LA 5 60Hz
@ﬁo:~¢ﬁ%4ﬂ?uﬁﬁ%wm%@#&’6%1mmm&r&A

TR Y oo = 0 ORIRAE T RIRIUELY SR R R S B 9T Bt B HAE
9*@&%%%gﬁ%%iﬁﬁﬁﬁﬁﬁﬁ#&%ﬁaxaﬁwﬁo
Bl 2-3 A0 % it B N3 4o o o 3SR e A 2 BT B s s 7

Pl BN B AT
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a4t XL

FI i’l[z}\r}t I.@%J ’7?4 ‘__,;Q]‘_ffL_L au’ﬁ m%{m:,\/q\ qipﬁxﬂ\,ﬁt 'LE‘,};‘LK ;‘é‘_;% s

EPREFIEFTS (AP RE > F0E8I{x,K)}IT ZT4T

X, (K) = > X; cos(27if kAt + ¢) + noise

i=1

R Xit AH & b1 KRR R T
if, @ EY R QA g

4 Y B idank R

—\«

C, ={{t-2z,3*..*{L, -2z, 3*W, }

St
T

z, = Re(a,) = cos(2if,At)
FREBRT RABS ] Z Ml FISERA SR L
mil-1

Xy (k) = 2 Cyp ()%, (K +1)

AR 0 AR A A AR 0 LB 4 R S il A

T2 ZF RBegz deT o

2%, (2) %, (1) + %, (3)
2%, (3) an X, (2) + %, (4)
2%, (L-1) X, (L—2)+%, (L)
Bt NHE AR
Az, =B
Rl
—(ATA)'A'B

14

TERAAE 5 f, =60Hz " 1945 RIEER 2 PR AR 5 2 47t M gl B
Y

(2.27)

2 H L

R Ry e d(m) > TR S R 2 MR T R B R E R

(2.28)

(2.29)

(2.30)

M B

(2.31)

(2.32)

(2.33)



_cos(z,)
Y omAt

g RN 1 SR LTS RS ¢ R T KRR RATR P 3
AT E 2Rk B o
G

BeF R AR 2 G2 6 e A e A AR Bk BT

BEen s SRR EE s (A s o @ a0 e 15 40

X, (t) =D X, cos(27f kAt + &) + X e““ + noise (2.35)

i=1

R L AR AES VL
if, @ UELY F 0%kt

¢ MELP RISl R

a OAELY B A e R Bk
Fd R URLECE 2 kSR o W ,rz;:.,qg%;@ﬁ;%i;p& WL A2 R B
RUORAEE MEAART RABEE 5

C, ={{L-2z, 3*..*{1-2z, }*W,} (2.36)

g'ﬁﬁﬁa&/@/ﬁt%"’yﬁ m2 > B @/@/ﬁ»%mm%&uﬁ

m2-1
X1 (K) = D Cp (M)x, (k+n) (2.37)
n=0
Bt kA Sk
b =e™" (2.38)

LA B A RN A ZE RS E- B A BRI R Y B

o] TR LR KRB D e

15



L-1
Xa ()X (K +12)
= (2.39)

155 (2.38) T & > 7 R F R F ke T
o=— (2.40)
dopt - %o T gl (2.16)2 (217)%-E ik im A5 ~ sk =~ 2R 'F 0 R E ik
BAR e
C, ={{b—3*{L,-2z,B*..*{L, -2z 3*W,} (2.41)
FEBAT RAEX ] 2 M3 PG RA BIBUEL S
m3 1
X.o (K) = > Cppy (Mx, (k +n) (2.42)
=
d 3k e eni B s A o 4 b KBS e o gggr@;zi}u? v
Fr At PAL T REBRILE L HE FTAYE - R E LG H

SR E LT 2k

2 R R D B AR MR 2

MELGEAATE 2 F e o

A e L
R,(K)=—=>'X,(k+n)e N (2.43)
N n=0
Ris K- fAAgdp £
a2 a2 (al _1)
X, =2A] (2.45)
¢, =angle(A) (2.46)
Hv
m3-1
WCF,, = > C,, (n)b"a] (2.47)
n=0
2 U -
FCF, :WZb”afe N (2.48)
n=0
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2-5 HEERBLRIGE

SORIBEAH TR Y L FE R > - BRIESER G
Matlab/Simulink £ = 4 7 3% % #cid %Jﬁ%*’*‘ (4@ 2-4 #17) Kk A 24 &R EL
Hazbz 3B 2 E A b4 2-5 % B 2-6 #77 o & Sudp & 5 60Hz » € ipl2
BRAE K L 1920HZ 0 sk A3t 0.1 4) 0 A BB 02 /)% 4 0 Ay 4
PR RIRUELE § 6 Bk (192 BBREL) 0 @ *F Bl R A sl A o
%?Eﬁ%ﬁ&ﬁﬁﬁ%%*ﬁﬁ?*%%1%&@%@H&%§&ﬁ%&%$
@ F 3B M B 328 HARBLLE ) T2 Lk s N FHAR)
PFE N A BUE S S 60Hz o R A (8 0 U IR Mg j\d,ﬁ“,f:—-tfflfé IR
AEE GF S 0 BRI TSI ELA £ 5B IR S A 4o B] 2-7 A5 0 BB R R

PER ¥ fics 0.0075 0 ot/ % & st Ape o3t B A2 B g 2L BT o

_ (5.4e —3+0.5e —3*40) | (5.4¢ —3+0.5e —3*10)
(le—4*40) | (le— 4*10) +1

=0.0074 (2.49)

R RN RF A AR SRR F R D s S AR R AR Y g

< % 99 @B’%ﬂé(,@f:,ﬁ TSR 28 FRGr AL E R 338
Mgt BS 328 Fic b DFT # % 32 )% 3 Bk B T - B fd el

14 47 1 et B % 4o ] 2-8 Hon e

Line voltage VB1 Rf=1Q Line voltagel VB2

=0. IBZ
[—-fmx-— ‘] T fml-j
Load current
L1=5.4(mH) 40 km o 10 km Loe:d current1 125 4(mH)
. Distributed Parameters Line Distributed Parameters Line
Vs 161kv
161kv
I — A v VB2 I
4 =[] A St L

a|C
Three-Phase Fault

-+ -+

O]

Clock t powergui
B 2-4 ~ ¥ A 4 &gz Matlab/Simulink 23]
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02

VBI |

0.1 0.15

Time (sec)

0.05

2

15¢

- © o v = v
o o -—

(A) ebeyop

™~
'

Bl 2-5- 2 BLB2 43 Pl sxlp @ BRA

x10°

B

() uslnD

Time (sec)

B 2-6 ~ & B1B2:{E RIL seli i)
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1000 T . . . T

-1000

-2000

-3000

-4000

-5000

-6000

_70000 20 40 60 80 100 120

Samples

B 27 BL R imihg Ak Ak 2 3 & 4 152

4
16510 . . . .

1.6498 .

1.6496 .
1.6494 - .

16492;,__,ﬂ_P———J——~f’f”’”ﬁf##ﬁd_—_ﬁhhh“ﬁ““hx

16491 .

1.6488 .

Amplitude (A)

1.6486 .
1.6484 .
1.6482 .

1'6480 20 40 B0 80

Samples

B 2-8 BLepsc 7 imz AMIRIGI 5 2%

A RTFR R R IR QORTR E R R @A R UEL Y AU
AEvE o JLE 22 R E M e BV R S ik
BRIBGFHALDINFF S b Ao BERTIRM L YL 2 ERE
K HEHRNZ A2 K P AEBEFF KRB REUETES2LAPE R
o E-HALRT PIFEEZ R BMFEZAEROERT O FT

B g I o
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Fr:d B ERUTRB LGB LEFE
2 MATLAB/SIMULINK #5858

EET A L Rehp FR 4z —%'rs’r‘v bengd 25 5% .&‘uﬁéﬁi‘j@iﬁﬂ’,ﬁﬁ’fﬁJJ p A%
gﬁ,gaxummV§&ﬁ%?ﬁ&ﬁ%ﬁﬁ°%ﬁ?ﬁﬁ%ﬂ%1@’%
§ 5 T e SN et T J%Jafﬁ Bl 3-1 &7 A&~ 1 2-% Bodf
ET L # gsussiﬁﬁvwsgwaaf,BusR;«,%ﬁﬂwR:a@ffuﬁv#zﬁ%
Qﬁo@uﬁgag@%%@ﬁﬁﬁiﬂMRVﬁiﬁﬁQ%Wﬁiﬁuﬁ%
SRR 2 A EFA SRR A~ LR K2 TS R R D
FEPRIIEG % o § FO00 > AR 7 B S AWRTLA M1 5 - A hiF R 2 -

Bus S Bus R

B EE B EE
1 L

Bl 3-1 ~ 2-% 45 r’%} AR FE%E*#

32 2-%EBA  MTRAEBR Y 2
B SR SR RDER AR 220 LA G 2B 3
Tt -
1. &t in B(Current Transformer, CT) % 1t 254 &2 e fopF el 254 2 £ B
2. Lok 7 % A B B (Capacitive Voltage Transformer, CVT)e® 1L 28 % g9
LC 4= iF ¥ i £ RIFFA -
3. BHX BusR ¥ BusS @ s3ehg ple A &R -
AU BEER S TE LB AINFE R O%FE BT FEE 240
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Sl E g
B

Wk BT A R AR R RS E S A B &

I

@iy B BT A AT P IR R MR R 25 A

S DA G SET A Sl AT R T I AR 0 d BusR =B Az x(2

B )T R T2 BB RN E 0 0T i e s oA A 5

MO _ iy 4 80
ax(t) ot -~
di(t) _Gv(t)+ C@V(t) '
ox(t)

29D # i) L BxD) A R ARG R TR R ESERAE 2

AIPAMAE IR L G # C PIRE (3x3) % 246 % ik i s

H
%:Q&:@Ki ) ;‘:i Y 7|- }\4 'ﬁ‘—_—v—f K
M L
ELEY I P 3.2)
I"M I"M LS
BREAREDIEEZT > QL)NT ML BAoT
OV e yd
-
— =YV
OoX

B¢ Z=R+joLE Y=G+joC o 5 7 ¥t = ip FHcfEg - &~ F* fHfE

7~

AR o B 4T

Vv, vV,
Vv, =TV, (3.4)
vV, V,
_Ia IO
L |=T| 1, (3.5)
1, 1

He T 0,1, 2 2 A7HERA LY NER T ARE LR AL o B HEAL
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4 B T SR
1
a

" (3.6)

= = =

1
0(‘2
o az

#He¢ q=1/120° - #3472 B5)FN &~ (BN ¢ T LFF| LT 2B g

VA
oV
8)0(12 - Z012 |012
ol (3.7)
a(;zz = Yo12 Vor

9 Zop 8 Yo AYAAESUELE A EPEL  Zop 8 Yo S EE
ooodm Zopp ¥7 Yo Pt E R A E P A B E(Zo,Z1,Z2) £ (Yo, Y1,Y2) e #7112
(BN 474 7 hE = BAFEMAAE FRIF 554 HfEV 114 F 40T ¢

Vm = Am eXp(’YmX) + Bm exp(_ymx) (3 8)
Im = [Am EXp(me) + Bm exp(_,ymx)] / Zcm .
de 5T m &7 0,land2 G5B FESHE 2, =2,/ 47 s

BEIF o f Yy =2y Yy K SRR B PP K B An 2 B 0

d @RS HARREIPTRATARZERFEEFEF I

A B e H
Ds Hgrie ¥ 5 Dr

Y g4 Al
W1 3-2~ 2-% K48 & T ARI 5 % 2 F A

$17 Bl 32 H ami T B 0§ A BR B S Ak T S (W)
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Er

B33~ Bkecg 2 e Ll il ¥
IF/‘V/{ r-tf-ﬁl)’? WS RE o d 3 Wgr %}Qﬁ;s/;‘l’ﬁ F‘IF-ﬁl » F] A B2 }%@
—L?,}Ek??,/ﬁ(v.] l?k’ I\])'_1 ll 'F; BUSR }§7‘]|+ - Th) T‘ﬁt‘b(\?) 8);\‘ , d BusR

PG @I

V, = %exp(yRWR) +%exp( W) 29
|J — 1 {VR +ZcR|R exp(yRWR)_mexp(_yRWR)} (310)
ZJBA 2 3

Gl b ez ¢ gk B T (M=0,12) > #7F 2 F TR
MBI E WR B Nl o 2 18 > 7 #(Vs, 15)22 (Vy, 1))22 B 2 e W SEAR
- BHREROFEH AT ERIZ R TR AR o

Y ER TR AR AR ERFEE VI E D T 58 Mg 22 Ng o 1

2 A% 3 4 g PR B %% Ds

M, = %exp(ysws) - % 1)
Ne= : +22 sl Yo~ e exp(—ysWs) (3.12)
= 10g(Ms /Ns) 013)

2ysWs

B EHE 2 b We R

23



Es

B34~ Bk ecis 2 L1 amiiif ¥
205 B AR 4 b WRAE o R end 3 WeELZ F %> Flit A e
—'\l&a[- 7‘ }Ebk’ﬁd‘/n(v.]bt’ IJ)'ﬁl,( ’F} BUSS73§Y»]|+I,,TﬁDA(38)\‘:} BUSS

S iP % d A B 8 4T

V. +Z.| V.—-Z |

V, = %exp(ysws) + %exp(_ysws) (3.14)

IJ = Z]- ‘:VS + ZCSIS eXp('YSW )— %exp(_ysws)jl (315)
cs

bl b AEN 2P s TS A7 Wr ARl o 2 15 F 1R (Vr, IR)

TAEENDLEMRE Nro A 1T 7 2B I T B g% Dre

Mg =%exp(yRWR)_% (3.16)
Ng = V, +ZZCRIJ N Vy, _ZZCRIR exp(—yWs) (3.47)
log(M, /N
1 _ log(Mg /Nz) (3.18)
2y Wy
H| %572 B
Paaib 3RS B iz%% Ds® Drr B ¥ 'r:ﬁﬁ’_%ﬂ%\'ﬂﬁﬁéifﬁ

B o i T RS 5D ACHE tha (PR o 10T LR R 2R B ¢ ek

DSE\; DR-?Vtl ”}; —Iﬁm,é%-ﬁ%/\o_g? 1..1&213’13«‘%\,1}[4?;@1&1_’#&%&[4 ﬁﬂﬁﬁ;o

If Ds>1or Ds<0 Then
D =Dg
If Dgr>1o0r Dr<O0 Then

D =Ds

EndIf
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3B2-FERFAEZHIRRFE L

™ MATLAB/SIMULINK 22 * 3§ £ # 3 s 457

> 4% MATLAB/SIMULINK 5 5 i 3 B 2 & > ra2 208 & fiy © 8]
Fase gl SR TEA L1 2 B EHTROIA L RSl - R
B E LT R SR AT MER Slic o d Y& 31 ¢ Rl - AHER YT
F2 5 o T AHRPE L F M4 317 h RGBT (5 TR o
M35 5 72 2 2 MATLAB/SIMULINK i 5 40> 8¢ L1~ L2 5 T 40 4 40
B- @ L3 LAR AR EME - o ptob s d 0 ki ap it
Bl AFmER S F 2P EREROTRAPEREFERL 208 > 20U
- A HE D

®

.Et

N
\\Xr
ERS

BUARE S8 ApRE FEFEEAT A 322 ¢ o

231~ pqrrge TER—L1 ) 50 KA S8k

TR 161KV A BIE S 60HZ
x 3% £ © 439.48MVA
MB- T ME =6556 212
I A4 R1=02472(Q)  X1=2.2140(Q) B1=32.124(u/Q)
F A Idn RO=1.6239(Q)  X0=6.6386(Q) B0=17.609(u/Q)
MBI RE =26136 02

Breda R1=1.2990(Q)  X1=8.8444(Q)  B1=128.20(u/Q)
F A4 RO=9.9212(Q)  X0=31.0156(Q) B0=69.760(u/Q)
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# 3-2~ FIis2 B 3-5 HHt kg

AT R 161KV iS4 & 1 60HZ
FLP 8

Es=1.020°pu Er=1.0 2-20°pu
Z5,=j3.514 (Q) Zri= j3.514 (Q)
Z5,=j3.514 (Q) Zro= j3.514 (Q)

ME - ML =6.556km

I A Fda R1=0.0377(Q/km)  L1=0.896(mH/km)
F A Fedo 0 R0=0.2477(Q/km)  L0=2.686(mH/km)
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(1) Set initial d&y;  and cnt0
(2) Setcnt=0

cnt=cnt+ 1

<& orent = cntQ

d9 =16,z

Use imag(D)=0 to
obtain 44, .
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1S = B TFAEA R (rad)
0 0
1 -0.3784
2 -0.3927
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%36 frm T 0-460 B 2L & chfp R %

0 5 = B pFEk A (rad)
0 3.1416
1 4,7070
2 4.5405
3 45379

He @P|enn FEh B 45379 5 i R (rad) 5B & B Y T L BRI H BB

45379(rad) x 220 = 260° = —460° + 720° (3.37)
T

Btk
SEHRBAFEZOVABAFAFIOEF T A TOERI PRI RMNT A A
F R eE o TR AN A 3T 2 ¢ o
B e Feehi=® (pu)
0.1,0.2,0.3,0.4,0.5,0.6,0.7,0.8,0.9
WS E7 Feiire(Q)
01-1-5-10
W e 7 Fefadl i
ABC = faifs ~ B-C AR ~ A fp s
W e? B2k & (rad)

0.7854, 1.5708, 2.3562, 3.1416, 3.9270, 4-7124, 5.4978

Bofsd & 3-7 #7at N eh T 3938 £ =0.0241% 0 &~ 3%-£=0.1948% -
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¥ 2k

% 3-7~ & =2

SR SNPERCT

Fault Unsynchronized angle (rad)
location
(p.u.) 0.7854 1.5708 2.3562 3.1416 3.9270 47124 5.4978
01 Ave=0.0138% | Ave=00134% | Ave=0.0097% | Ave=0.0940% | Ave=0.0138% | Ave=0.0138% | Ave=0.0115%
) Max = 0.0455% | Max=0.0437% | Max=0.0464% | Max =0.0436% | Max=0.0455% | Max=0.0437% | Max=10.0464%
02 Ave=00193% | Ave=0.0216% | Ave=0.0204% | Ave=0.0198% | Ave=0.0193% | Ave=0.0215% | Ave=0.0208%
- Max = 0.0885% | Max=0.0986% | Max=0.0857% | Max=0.0885% | Max=0.0885% | Max=0.0986% | Max=0.0857%
03 Ave=0.0305% | Ave=0.0290% | Ave=0.0386% | Ave=0.0306% | Ave=0.0303% | Ave=0.0290% | Ave=0.0388%
- Max =0.1148% | Max=0.1052% | Max=0.1154% | Max=0.1155% | Max=0.1148% | Max=0.1052% | Max=0.1154%
04 Ave=0.0162% | Ave=0.0167% | Ave=0.0206% | Ave=0.0170% | Ave=0.0162% | Ave=0.0157% | Ave=0.0206%
) Max = 0.0485% | Max=0.0484% | Max=0.0478% | Max=0.0478% | Max=0.0485% | Max=0.0484% | Max=0.0478%
05 Ave=0.0158% | Ave=00146% | Ave=0.0156% | Ave=0.0135% | Ave=0.0158% | Ave=0.0152% | Ave=0.0139%
- Max =0.0737% | Max=0.0818% | Max=0.0817% | Max=0.0805% | Max=0.0737% | Max=0.0818% | Max=0.0817%
0.6 Ave=0.0314% | Ave=0.0329% | Ave=0.0327% | Ave=0.0297% | Ave=0.0314% | Ave=0.0327% | Ave=0.0327%
’ Max =0.1483% | Max=0.1518% | Max=0.1523% | Max=0.1505% | Max=0.1483% | Max=0.1528% | Max=0.1523%
0.7 Ave=0.0446% | Ave=0.0459% | Ave=0.0463% | Ave=0.0439% | Ave=0.0440% | Ave=0.0447% | Ave=0.0463%
) Max =0.1900% | Max=0.1899% | Max=0.1948% | Max=0.1910% | Max=0.1910% | Max=0.1899% | Max=0.1948%
038 Ave=0.0312% | Ave=0.0294% | Ave=0.0322% | Ave=0.0311% | Ave=0.0321% | Ave=0.0301% | Ave=0.0322%
’ Max =0.1177% | Max=0.1083% | Max=0.1107% | Max=0.1177% | Max=0.1177% | Max=0.1083% | Max=0.1107%
0.9 Ave=0.0090% | Ave=0.0136% | Ave=0.0108% | Ave=0.0102% | Ave=0.0104% | Ave=0.0136% | Ave=0.0108%
) Max = 0.0400% | Max =0.0630% | Max=0.0401% | Max =0.0400% | Max=0.0400% | Max=0.0630% | Max=0.0401%
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§ *E%k’l“}f;fi%j C-OB | angle RJunc
T-:1 3 e = g q angle TJunc
= 5o Fa ) b wr— 5 |
£=3 s o
g ] #31 g -1.2
; 14 | \ 1
Bus RJunc
-16 l 1
2 |
Ak Bus SJunc |
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g2 o ] HRAERSREN)
B 4-27 ~S:Ber T4 & w5 23403 222 59.6 Rk &
Syt Shig

SEHRBAFEZ AT AREFASORF I A TOERIFRFY RMNT LA
F e HReniE R BB R A 482 ¢ o
M- s7 Fif & %Ak

S ZHZRRZHARE 2L RR 2B RE

WY g7 Rk b (rad) 2 Rsbi 24

Szh2 Tz & w5 0.7854,1.5708, 2.3562, 3.1416, 3.9270, 4.7124, 5.4978
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24 (%)

T =42t f 4 & (rad)

0.7854

1.5708

2.3562

3.1416

3.9270

4-7124

5.4978

w

o T A

(rad)

0.7854

ErS=0.0023
ErT=0.0042

ErS=0.0171
ErT=0.0127

ErS=0.0214
ErT=0.0051

ErS=0.0048
ErT=0.0064

ErS=0.0526
ErT=0.0162

ErS=0.0175
ErT=0.0094

ErS=0.0052
ErT=0.0147

1.5708

ErS=0.1066
ErT=0.1107

ErS=0.0087
ErT=0.0128

ErS=0.0022
ErT=0.0850

ErS=0.0007
ErT=0.0018

ErS=0.0020
ErT=0.0024

ErS=0.0265
ErT=0.0263

ErS=0.0257
ErT=0.0688

2.3562

ErS=0.0221
ErT=0.0657

ErS=0.0036
ErT=0.0058

ErS=0.0041
ErT=0.0682

ErS=0.0025
ErT=0.0023

ErS=0.0192
ErT=0.0153

ErS=0.0091
ErT=0.0059

ErS=0.0054
ErT=0.0022

3.1416

ErS=0.0411
ErT=0.0065

ErS=0.1203
ErT=0.0968

ErS=0.0157
ErT=0.0066

ErS=0.0088
ErT=0.0054

ErS=0.0054
ErT=0.0020

ErS=0.0054
ErT=0.0457

ErS=0.0075
ErT=0.0138

3.9270

ErS=0.0245
ErT=0.0042

ErS=0.0752
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ErS=0.0042
ErT=0.0197

ErS=0.0457
ErT=0.0122

ErS=0.0856
ErT=0.1258

ErS=0.0600
ErT=0.0211

4.7124

ErS=0.0607
ErT=0.0239

ErS=0.0004
ErT=0.0076

ErS=0.0605
ErT=0.0600

ErS=0.0100
ErT=0.0057

ErS=0.0120
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ErS=0.0025
ErT=0.0289

ErS=0.0185
ErT=0.0296

5.4978

ErS=0.0017
ErT=0.0029

ErS=0.0095
ErT=0.0087
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ErT=0.0062

ErS=0.0022
ErT=0.0036
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ErS=0.0176
ErT=0.0052

ErS=0.0181
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B ofo 2 gt i p4 R(3.10) ~ (3.16) ¢ fhk &P o T HHES A EE B LR L
TR R R R R R L R A A AR 2 B [12] > o

&t 1% Mansour 2 Swift & 4 [32]3% 41 2 3% $37 j 4 Wedepohl - Karrenbaurer

e
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A2 1% Clarke #3% » @ % 74 2 s R 1R My | 2 4P Z /873 F ehfh
B o~ 2§z % phase-a basis - phase-b basis % phase-c basis > T ] * T

AR B i kP A b AR &

_Va_ _VOa_

phase — a basis: |V, | = [T] | Vs (5.1)
V. _W_
V, \4

phase — b basis: [V. | = [T] | VP (5.2)
V., _V[?E)_
_VC V(;:

phase — c basis: |V, | = [T] |V« (5.3)
Vi \;

d PV 2 Rl R 22 4% ANB2 C=Zp2 T R~ 235
g 2 @ i 0 7 4 * Clarke #8"L #-H f24m & = zero ~ alpha # beta -~ £ » £
Er&BU R YN B RE R BB AT 2 B R L
2 FE@ Yyt 51> ¥ o Zw ~ gy 1 LG~ LLS ~ LLG 2 3LS/3LG % > &

2z Al e? AB2 CAruitk Afp-BApZ2 CAp L H & M2 3R -

s

SHRANFEIE CiriEkilo e 279 2 L B AKERNLHHR2 &R
RIFp AL v R ek T H BEAE <30 TRRh K LE(Th) e 12 Adpdes sl s
B “f phase-a basis beta HC Ak s f iPl4q 5| M3 | & 32 #p] (2 & 5 0)7F

Hap~pigthy v dpdiR(EEL 1)
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BERSL VHEENRS2 2 s s AP ERT L o - HTH

B 5-3 2 B4R 5 B4 1P R o

251 R ART 2V T EA

Fault types LG LLS LLG 3LS/3LG
Fault
Basis |detection| AG | BG | CG | ABS | BCS | CAS |ABG | BCG |CAG [ABCS ABCG
index
Myl [1]11]0]loflo|1]1]1|0]0O
Phase vl Ty T [ ool a1 111
: Mgl o1 1|1 1|1 |1|1]1]|1]1
Ml [T |1 /10|00 |1]|1]1[0]0
P hsse M (1111 lt]ol1]1]1]1]1
Mgl [ 1O [T |1 1 |1|[1]1]1]|1]]1
Mgl [ 1|11 lo|loflo|1]|1]1]0]0
Phase | Wvel [ 1 [ 1 [t oot 1]o]1]1
Sl [ lo a1

34 A BrCANA Adp BApfrCn > 3% G R ARK &M > 53 S KA A BEAH -
0 4 77 sl i iRl 4B ]SS TR 3K RUE - 7% T 3R] 1 cH -

147 &R pHpihr Wik TLE > 2 0z ~Aird.

o > Threshold

if M

if [Mg],[M

and|M

< Threshold, then AG Fault;

elseif ‘M;‘;‘ < Threshold, then BG Fault;
elseif ‘M; <Threshold, then CG Fault;

else Double phase to ground Fault;
end

elseif M2

> Threshold, then BCS Fault;

elseif ‘Ma"‘ > Threshold, then CAS Fault:
elseif ‘M; >Threshold, then ABS Fault;

else Three - phase ground or short Fault;
end

B 5-2~ &clim sg 2 sl pE W 5 2
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Hapalaspd vl 4 529 2 TR 5Ede 0 T BCG %@ 2 phase-a ik sk

i Rldp 2 < ] B £ 5 B>0>a > @ phase-b 7 phase-c 2 #-fkdp k=< ] B % 5
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Fault
Basis pes| ABG | BCG | CAG
Mode
0 2 2 2
Phase-a a 1 3 1
B 3 1 3
0 2 2 2
Phase-b o 1 1 3
B 3 3 1
0 2 2 2
Phase-c o 3 1 1
B 1 3 3

F# A-BfrCAul4 Adp o B-4p e C-4p > 2 G X £ 4 &fi o
29 124c3 p b At RHpiRE L <] EAE LA &% o3& K] o
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%53~ ] 1t 152 AR s E IR B S LR AR R0t

LLG phase
index | ABG BCG CAG
Fault Types
Phase-a 0 1 0
Phase-b 0 0 1
Phase-c 1 0 0

390 R A PH <o Boh G 0 1 & 4 A IR >0 B 6 -

gt H BT T e LR 5-2 2 R A KRR e RAP E R T B 2 4o B 54 -

if Mg
if M

> Threshold

Mg

and‘Mg‘

< Threshold, then AG Fault

elseif ‘Mf,‘ < Threshold, then BG Fault

elseif ‘M;

< Threshold, then CG Fault

elseif ‘M; “then BCG Fault

a
>‘Ma

elseif [M}|>[M?|, then CAG Fault

elseif ‘M; . then ABG Fault
end

elseif ‘Mj

c
>‘Ma

> Threshold, then BCS Fault

elseif |M?|>Threshold, then CAS Fault
elseif M
else Three - phase ground or short Fault
end

B 5-4~ e 22 el i 2 R ApE R Y 2

> Threshold, then ABS Fault

B 5-2 6 %2 pcHhm M2 SHARE W 6 2 0 8- % 7 HH 53 2 IR A A
% R AR E S 2 2 B G TS A K i S R

#0152 AR . F4cF] 55 -
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6-3 BT T SFITLAEA
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