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Abstract— This project presents an adaptive fault protection
scheme for transmission lines using synchronized phasor
measurements. The protective functions include fault detection,
direction discrimination, classification and location. Both fault
detection and fault location indices are derived by using two-
terminal  synchronized measurements incorporated  with
distributed line model and modal transformation theory. The fault
detection index is composed of two complex phasors. The angle
difference between the two phasors determines whether the fault
isinternal or external to the protected zone. The fault types can be
classified by the modal fault detection index. The relaying scheme
can be applied to protect transposed and untransposed lines. The
proposed scheme also combines on-line parameter estimation to
assure protection scheme performance and to achieve adaptive
protection. Extensive EMTP simulation studies show that the
proposed scheme provides a fast relay response and high accuracy
in fault location under various system and fault conditions. The
studies verify that the response of the proposed relaying schemeis
unaffected by CT saturation and CCVT transients under internal
and external faults. The proposed method responds very well with
regard to dependability, security and sensitivity.

Mot — Bk 23l
B R TARE S FETR

I & A

TREALETHF LR 2 LRI HTS 0
BEAE TS RFnI & MG BE T Fep R
ﬁfﬁq{%ﬂ/p fﬂ“ﬂm EH T2 2 FEpF > 2 g ERE
UEE S RIS *“ﬁi%]a,%ﬂrdslﬂ H
BH AR R P &R AR R A 4 2 Pes
:Ja’ MU Rk SR E R AR B Ay 06 *Ema‘%—l?,

i wwf* TR o F o R p;i.a.?,: SLpE s gp URE
Fohp R~ KRR s rﬂﬁi’ B2 BRI
B PR LR B ARSI G S F

AR 2 o

(:w

&5 R li AR REF N EE B RER
e [1]- [8] j:ﬁﬂﬁj,z 50 o AF e
Yy i.ﬂf«%‘w&\@ ?}E’L‘ Ptk R R - 48 0 A #
I Ty S

NABERx S RELA FE FF 8 s
G o PIEET Y YRR

—=

Bz W R H M R R &
§,i,ﬁ¢w4fi§,ﬂ
-,ﬁ’ FEF AR AR T
2 g o g d "’"7@%?} [1]- [3] L ST 5 A
RPN 2 REARF lrorU@?’T . AR AR
Prd AR AT R B R IR R

AP EEFE 0 ER w‘ﬁ’w{ T2 FlE o FlY Lw;%
[4]3?%4';5@*&/"i/*h/‘\q']#p*ﬂj\'p’s‘ﬂﬁx Lok PS4
Hgachk o 27 &S g8 k2 peno FRbg B O
T b A A2 TR MLE] 0 e R Tk 2 A
a%liﬁmfﬁﬁ%%’ﬂﬂ’%ﬁﬂ%ﬁﬁﬂ{
d P FREHL AT A AR T Rt A s R R R R T
Slde o W R EFI R AL F AT EL A F 2 o

d AL~ B BRI R M RJIT B A R
Mz A g o B AR R A G AP AR
RN TAZFE[L2 P ERE AR
FNEF FHER #N*“%Ja/ﬂlﬁ-é # 18[3,6-12] -
| * %'&’X‘}'"TJFM’7 ]H‘FE‘L% vH R Pﬁgﬁ7
qi'ﬁ_}* wiE M H72 5 X )’é-?fé_/ﬁ S rifil;}kﬁigz
FoRT URBESFRLAXL DA TEIAR
Poip R L BT T REF R LR R
FERZ i d o PP 2 ¥ a3
@Y E2 TR 'i’ﬂis-] cod O RS Ay M[1,2] -
#-PMU 2B 28t M a o d LT RERS T
B2 TIRAMEANE A BB BERRYE > T IR
g s @z 0T ’ﬁ-%fj?‘}'arﬂﬁig?]fr;\ » p @ |EEE
standard 1344-1995 ¢ ¢4 4p B 2w a2 2 [13] -

F A& KAl GPSPMU BRI H 5 Ad# e G
ﬁ%#ﬂ%@ﬂﬁ***ﬁﬂﬁ?ﬁ&ﬁﬁ%@ﬂ~
RO R B SRR TRITE 2R S I R
[9-12] - %ﬁr’ BEAY A% AR *Fﬁﬁ R
m A P - i’**“%ﬁl“i A A | T LR
mé?illé(]xfﬁklft'] i ?k’r-tf-ﬁl?v HEiFE 2 o TR
iAo EATFEBpRS N  HFTH 0
HETT i]‘;{’frw’?’ NEVE: I R KR -

e ‘L‘E“w%”?/n\
FEEFFE7 K’lﬁ;]
L—»‘ /\ﬁimi}@r}ﬁ_

2 gw
[
HE o FI R TR
A
230

e"h!

lm}

—h

(‘.

R

. % T FH T RIDLE 70 WP
A 5 i A2 FLp R e B



f”‘“iiﬁ#ﬁl*"‘l%}?éﬁ{ﬁ%« ERpRFE; 3
A I A
l'ﬁ&v:_%?]?ﬂﬂﬁf« IRARIE D gl ﬁ%ﬁ?éﬂ&l&g]‘_ﬂ
BIE 2P B AL AHER jﬁ:@i@fé— P
HAp & 2Rl 5 A r ki R T dp 1R[9)- [10] > 2
* Clarke ## M- f248 & » BRARPRLE L Lo
BV R EHCE R i dp RS

\wj-_\—at
& 3-’2'
e oy

K

=In(Ny /M) m=0, a, 8 (1)
m 2G,L
He
1
Nmzf[VRm' ZCmIRm]
2 m=0,a,p
1
'EeXp[GnL][VSm ZCmISm]
=A,-C, (2-1)
1
Mp, :EeXp[' anL][VSm +ZCmISm]
m=0,a,p
- E[VRm+ZCmIRm]
=E,- B, (2-2)
PO G @4 F B Zon WO B IR A Vin s
Vgn~ lrm % |3nll“%c?‘ﬂﬁxﬁ"w e 4% m’fs\—?“/iﬁi Eibmt
A e

TR - TR R R
BT DFT» kAT s » HifuFE o7
EA

>A(r gf(rl""i N)Eejzp/N ©)]
2P Xifp oot A BB EART 4 E o XA
FALEE > NIB& F P Bl o

(1) A s 7

PUPE Xy = Xon 0 TMAR R Z RIS
AT o ApEESE 2p/IN B > e H < BT K
AR A 2 ApE VR Vs IRE g 3t
EomHApE R R R g d
wip g Ve Vs~ Ir% Isih iﬁiea]a.%ﬂﬁ" A7 5% :
P27 E %5 Bod B M| (M 2 8% E <]
HAERW o HEESZF o FREFEEFN
E o

(2) p R BB A pE

BEAL R FHb e ZREBRTA S AT
’r‘-"xn:/gan’d(S)\'f"X :'&Xrl’* Flot 7 o A 2
LRS- B ﬁ%NHWW»<%$$m’ﬁ¢
MiRechaa 3 oo g iR 3 - ERE o i i
Weelm 5 R EREEFFR R 4 2 - ik
?ﬁfigyi«ﬁij?ﬁﬂ{?%iéil‘ﬁ’ﬂéifﬁféiﬁ‘l%fﬁ
BRARE BAX > § B IiiiEr R R EV LIRS
W e
EMIE I § M5B o A L T
(Thy » g s ir2 484 o d 30a dpik L Al 2
Bk TR R M|k iR R o ﬂ\?\?ﬂﬁ«‘

(Xn - Xp-

o
f*“ !
4
&

A FE AT TR FIP AR AR R
PRI RERA RO o MR AET
TR A/ e Rk BT 2 R s
E TR T REN 2 BECE R RIE Lindy
o

B. k</g = w25 F
$4 Q50 Wi B o 5 B KA R
”Lr“f#-$ » B[40 iMp = En - By = [EnlPOen- BmlPdam * %—
dAF2 hRL T RPN AMEHI 21T
THFP 4T
(1) & < /3t
TR e 4B (@) 0 T
DquZ DQBm > AT |Mm| =0
(@ # 2 A frsesit
4o@ 1-(b)frr » ok g A @ o ;fﬁ’f%fEJMmM&—J"l &

34 \rﬂb

’

B W R

# |Em| = [Bml#

sz s wEIE|L Byl DOent DOpm > #T
M| ® O
(35 £ # #n e rp it
T N
(A) Cesel

dH Q) 4 Tin gk Igi inm ik s o
LT F|En| = Bml%2 DOem=Ddem * F14* My =0
FERE AR R EAR o

(B) Case 2

£ R 1-(d)F 500 Bk IsE IR inm 30K B o ¥
L |'+ i+ —? » %J E é‘ﬂ fi.‘t\‘ ik E;y Zﬁ & |Em| = |Bm|51
Doenm=Dbdgm * M'T»ulel_

IS IR IS IR
|—> —>| |—> F 4—'
H 5 e B
Vg A Zr
@
IS IR
»

©
W 16T

H'%/\ P\ “Tsr.tfﬁrﬁ —; ’ 7}5 & é;Dqu Dqu x 7}:;%]{%
BaFziE Ao gr-4dREF - '*‘”\Iﬁ’fﬂ B4 #ic
TG P phpE > Gl4ozd 27 ] 3¢ »mw 4" =l 1% 4
Lo ik g5 A by & (principal argument)2 E & o 8 F 2 &
B A #-p A8 1 - m"qND%mD%mWﬁhiﬁ’

Blde i tF & LA A[-p, Pl A B i BAT P
DQEm(i)'Dqu(|)_quD"/ﬂéDQle (Op) £ #H# -
BALT > FPAE En 2 1 DQyr 25 > 52 %2

7 DOe(it) T (-p-p/2) > Bl En2 48 & %13 & %
DOem(i+1) = DOen(i) + DOmr- 2p > 2 2 PF By ik 5 & %
- & % AW B2 AP & L Doan(i+l) = Doan(i) +
DQmT ’ E]'JDqu(i"'l)' DQBm(i+1) = Dqu(i) - DQBm(i) - 2p



=B0mo- 2p* Bomp > + F1ut abgBGem- BOpn] & 24— T
B FIAME TP o
,m;j\‘?;u,%i\ wﬁ%’*fﬁlé‘i_ﬁ_#&.gl}j

Dden- Pdem Z_#iE 0 Fli %u,ﬂé Rt e o i
quF» N R A abS[afg(Em/Bm)] kB pE2Am

3R P abdarg(Eqn/Bn)| - AF LE 0 B g REF
%%’ih PALE g o

d  ag(EwBm) = a9(EntPder/[BrlPdsm) = D0em -
Dggm > 3R - thREER 2 BN 0 TR T A A %k g
#FH:

P #BEc/E abdarg(En/Bpy)] 0 m=0,a,5 (4.1)

*h#gze g abdarg(Eqn/Bm)] = (4.2)

HY abg(e )R &8 ¥E arg( )%—r?’w}ﬁ & o

FHBEATE RN AHEARTR §F AL
FRPE o p R R 2 B Ap E R AT TP
g m 5 o abgarg(En/Bm)] 2 #ic & - ik fe = _‘L ® -
B0 @ F ek 2n r:c]‘;L abgarg(En/Bn)] 2 #ic & #-P-:F %
FIER R RBGHEBELTE S AR T~ Tp% _ﬁ_
IR ERE ilphrzl‘st?vf“’ Fluj1iv> F@ % 5
¥ abgarg(En/Bu)] 2 it ~ 3 T % E M > T
SR 2PN IR o

MRl B2 88 &d « §£2 EMTP/ATP #i$t
EANY A o - AR

EH TS zero=0.7 (rad)

Alpha % Betafi: TS alpha=TS beta=0.2 (rad)

B R T OFE R ¢ srs;’ﬂ;&g% s B ORE 4
WR T PR IERET 3 B2 PR BEEAR
g N Z AR T R AT 0 AR R B =
Bo =0 Fl# arg(Ey/Bo)d_— “T#4 7 AT iE » = Al
7w arg(Eo/Bo)2- H B H G X &b o

C. AR5 F
2 B TAIMAR . R RN E T
F oo A it deT o
(1) # K T R = 2 A2
vk A S '3 o xE - fRlp HRE T
Rl RpERAGEL AR G EE R R
Foodod 1deaRTe Bl e o m b IRe 2 g 0§
EFRARA R IR EH 2 1 17 Mansour %
Swift % A [B] 4 & - 394 2 W H T > H ;ﬁ“g
Karrenbaver & 387 P2 ¥ > M A3 2 327
FME > A fsd AR EBAEE IRpER > F R
P iE R EY 4 Wedepohl & Clarke #4428 &
v 4% Clake @ # - & 45 fie T3 2w B i Rl 4p 1
M| » k& BEB 3ot f » A% #H8 & & 5 phase
‘@ basis ~ phase-‘b’ basis # phase-‘c’ basis > H # 3¢ {5 2
Aok 1907 o
BEi 1 7R

I
b

VBl 2 2wk A R skiRARiE

BAwEA - AT B 3L BAEGES AR F
R0 Bl E AT ?ﬁrﬁéﬁ': %fu(ll\/l Mgl* [M§D 3

Lo HEGRIMELS 7 0 PIFF 806 BIAGTS 1
gvﬁﬂ%%ﬂéi’ﬁ%ﬂﬂﬂAwﬁyﬁ%i
40 ard 19 o d A e endk 2 b R AR

212 FHEERAET 27 D B4

Fault types LG LLS LLG 3LS/3LG
Basis deFt::t!lton AG | BG CG | ABS | BCS | CAS [ABG | BCG |CAG |ABCS ABCG|
index
Ml [t t]t]olo]o|t1]|1]1]0]o0
Phase ‘vl v [ v 1 [t ot 1|11
’ Mgl O[T |11 11111
Mol [ 1 [1 |1 ]ofofo|1|1][1]0]0O
Ph;‘se ME [ 1 [ 1 1|1t o 11111
Mol | 1o [ 1| 1|11 ]1|1
M| (11 [1]ofoflof1]1][1]0]0
Phase [ vl [ |1 (1ot [ttt ]1]1
UM o[t fo[t [ttt ][1]1][1

Letters 'A', 'B' and 'C' represent phase-A, phase-B, and phase-C, respectively.
Letters 'G' and 'S’ represent 'ground fault' and 'short fault', respectively.

'0' represents that the index value is less than the threshold and fails to detect
faults.

'1' represents that the index is greater than the threshold and rises with a
large slope.

if |M8 R > Threshold

o| and |M(c)

if ’ME| < Threshold then a-phase to ground fault;
else if |ME| < Threshold then b-phase to ground fault ;

else if |M; < Threshold then c-phase to ground fault ;

else double phase to ground fault;
end

else if

else if ’Mb

else if |Mc
else
three-phase ground or short fault;

end

< Threshold then a-b phase short fault;

Bl 2 sl A 4 2 sl AR E 7 B 2

v

Ma

o

M
J Q.
L LY

BG CAS

M

M

CG

LLG 3LG/3LS
®l 3 F‘tr‘?/"’\ #‘FTZ‘ r‘tr—?#ﬁl{ﬁ/ﬁ—n /ziﬁé—ﬁ% . B

R R EOCE TR G A
X
FHET
B2 4 0 @ g
3ip @z &L

(2 # = p “"/@/ T MEEZ 7K 2

AP BT R 0 ke
For b2 RAE Y 0 d B 3”4“-”’ *
JKE*F]?&?‘ A > g R EE R
Hov a2 Pl OERE

4
e X

“.l

e



¥ E 3 ni;ﬁal TR R E/ Hky £
o viEE= ’ﬁﬁﬁ«irﬁfﬂ'é/ﬁuﬁ%— » e MPFIZZ B
P E LG A L2, mrdw
BRAMEEa . B3 P2 BEESET R Y > i
FEAF P E 2 LI AR AR
A EH 2 #a o

k@ > F - Clarke #4 * »> 2 3 = 3| MEk » F 4
EERfEME AT E IR o BRI R B
v B - AACRA BT A B2 RIRPE o P
BRldp iR 75 0 RIE A LARR > 7T O R
B A RAE 0 A AT B R A BT
ol M RTAE R > B B4R > T Y R AL 2
d e aErEora H oo

Wit mi Al aEa 3 0 % Clake 4 R A
A B o F R '3" B - N R
1 F s A AR FHE/ F e 5% %%ﬁé
M EIR Rl 3 1T ORI s o B - Bodk
pri k2. Tl Clarke 4% > K@ B E2 <] » T
LU :at:1 ;é—% é‘}%ﬁ’{%}’f;l]n} I gtk

= e ©

‘pre fault

Wi

A \Mm = d Clake # 3% fo 717 2 #04 of #l4p 1%
a,ﬁ %MM;@maﬁ@%’@cwmgﬁ%@
- BPfRPF R BEZ R Rdp R E

ETILT R RIS 0 HAYT YR A T 0 BT 4p
AVNES S S SR E L SRS S 18 38
3 Vs

CUREIN A R i SR P

@ B EEARAERS R T BT A
L REdE o PIFER R A 127 R

ﬁi*ﬁhjlﬂwlﬁﬁw§ﬁilﬁ°

I gk 3 SRR 2 W B 2

Bl 42 BS5~%E* %“ra‘%\ PMU 3 A # 2 # ‘l
T AR K ‘i’.’—,‘ifﬁ_l /ﬁ-rr/ @ I ARR] o #- PMU 2z ¥
*:‘fﬁ%]?fsﬁ{%/m#kﬁ Hod PFRERHTRE LTINS
ﬁwéoﬁ@é@wmﬁﬁ’ﬂxﬁwiﬁﬁﬁﬁi
lT’F’\;J’%’?j\‘:OL AR N REZ 10T F)pF
B2EiEEF ‘@ﬁ%]\igb//ilg’di“&f%iiemﬁi;ﬁ;%
e P T EEF A RRA ML E S S R RT RS
B P BB TS B E 2 TR
Bk o i B 2 38 TR AT

GPS
Satelliate

To CB
To CB

|—>

CB: Circuit Breaker , R: Receiver , T: Transmitter

B 4PMU G A # 2 a T AU & SL2E ig

18 P F R 2o

received from local and remote ends

Step 2
On-line parameter
—)I Modal transformation |—> ne p:
estimation [9]

Step 1 ( Synchronized voltage and current phasors )

+ Step 3
Calculate modal fault |

detection index | M

External Step 5
< fault Fault direction Fault classification
discrimination and phase selection
Internal (—, o
fault | — 3 Trip signal to
Circuit Breaker
Y
Step 6 | Calculate fault location Display fault
D,, using formula in (6) location
Bl 5% & 2% 8 nfem
Step 1: M k2 T A AN B E2 Bk

HhRBEZIAE -
ep 2. ¥t AlMmEL A 7 0 I Clarke #& 4% %7 &
ER AR R B o W EE A MRS T R
A S/ e £ 2% lpk%ﬂ\—,éﬁ**grﬁﬁ'il
o gt 2 AE ik LA L A-4p (phase-‘a’ basis) e
ep 3 B IR R /E'J#ﬁ’l‘;ﬁ;‘flelf’ % 7 @ Mg
Z B AN ERA K EE ThpF > P77 225 MBF 4 &
Moo @Al MR R LRSS kA
C o X BT EE R RRAN o
Step 4: s PER T HL S v ER] 2 S i~ s Hup
2.1 0% o
41 A A1 I 3¢ iRl B2 WO
Rz e (P~ hRg2 Hu) o 37 3 R
C @ 55 abarg(En/Bo)] 2 Ko 5 56 4
AU e SN e \“’irzl‘sL ;’nE"J:;”% =
Boom § AT 5PN IR o Bl 0 ETR
S E R ﬁ‘ﬁﬁ/z ’ %%:E‘iﬁimi—r
Plg I H gm0 0 FORE D E

&

)

=

.
1

)

-

42 50 BB A gz 1 iv s AgEaFE * Clarke #
oo o wEE F*4d 'FF’@;@*«‘%ZJJ&—?‘ = B-4p 2% C'*El(phase'
‘b’ and -‘C’ basis)z HEfk s Rl R R A 2 ¢
é_%,a A—#Blf\,ﬁ«'é/?l#ﬁ*ﬂ’ E%ﬁz“‘/ﬁ-ﬁ/z_;ﬁ
S BES HE TR AR Y 2 s fRdp

R FRBABKER PR ARFER
g EANE =4 WA i N R
Step 5 Bofd 0 R E G MELP NS o AP R

PR B TR EE % PFeivag AR

V. e %

rrEF T EMTP/ATP sl » &m 3=5 +
TR E L W 6 5 HOR sz MR - o



AOBAS KV AT A Es® Erzdp b LR X5 20
B R U AR LR SR ¢ pH[10] 0 50 4 B R
2 PR L T ﬁ)x 7 CT 2 CCVT z #i&
Ao R EETRE TR ESD - 2
Butterworth #7 1 g ik B 4e i BTGB R A L
A 360 Hz o WRRM 2 GOBLB- R F 5 1920
Hz,aé_’tfﬁ;},';)xi’:‘;{?\ﬂ#ﬁ}‘f”" BUSA 2z Ajpq Rk
%R Tl A2 B > @ T2% T3P * 203
AR D A2 m;@ﬁ;; ) jxéﬁé?f DFT % & &
TRE Tinz AL E

BUSC BUSA BUS B BUSD
2 l T2 | T1 l T3 |ZR :
B [—le——le—>] Er
50 km 100 km 80 km
Bl 6 iplaR 2w B 2 2 WgR kL H B

)T ‘Ja.-g:;,bpa F[é'rjz,_g # ;.J;} B ggﬁ’;; s i?‘f\%‘gr—r -
Ti: B AR Ter BB RIFER > T 3
A PERE o

A A BB i B EE
Bl 7 5 &2 Sp g E T A APy 2 B
Z@;%ﬂj BB R s 1w o &g 01
U B 7-(@) 5 ™ phase-‘a basis 7 # # 2 #jk &<l

Ié RIAp IR - 4 2 RIF oo s 2 2604 ms
i » zero-mode % alpha-mode z_ #cid 35+ >t §f &k T_iE
(Th = 1000) » 7]t rﬁi BIP| gl g 4 o e I iz
BOBBHCE L TR - RS e H s 1 0§
7-(b) & abS[afg(Em/Bm)]’ v RE > 2 zero-mode
%U @O EF 5 TR A NRA R LE TS zero . F)

B Bits 5208 mso AT RN T T F AP b L s
7 B 7-(c)% (d)4 %] 5 phase-‘b’ basis 2 phase-‘C’ basis
P2 Ol g R S 1 B 7-(@) ~ (0% (d) - T4
el 3 2 s éﬁﬁéﬁ AT - B HTH LA
ApdRE sl T AP ETE B2 6 4

*E 2 B EFEALATR O
actual location (p.u.)

error (%) = , *100 (6)
- calculated location (p.u.)

BRI % 0 » B 2-83 k2 kiE T
3T s HAN PR & a 3 0 2 zero-mode %
aphamode 2z # B T = F £ » A& B 5 0.397% =
0.250% -

B. # R 5 2 i B R
B 8LMi T332 CAppER&RPFL THERR
B2 0 ke bl 2 M B % 2004 BUSB + = 16km
feuo d ft B 8-(@)F v > & fs dphamode 2 beta-mode
2wl i /?Hﬂ T~ W iRh R e E o o R AR F
fﬂfw‘ w4 iR @ B 8-(b) i abarg(En/Bn)] - Bk
C BECE T R SRR R T E o Fet K Lok
rzl‘st v m g P ST B R B o

CCT &f-% CCVT 47js 2 # 5
R 0 R
%%P:é ¥R 2 ik R R B —v-*

cT éﬁ’fri cevT
o WER- B

8000 3 T
0: zero mode = t \
6000} *: alpha mode S,
0 : beta mode 2 2 0 : zero mode
a + : alpha mode
E 3
%" 1 TS_zero /ﬂ"‘
Z °° TS alpha ¥
..... I S s P4
0
33 34 35 36 35 40 45
4 time (ms) t time (ms)
Tr @ T (®)
8000 8000
0 : zero mode 0 : zero mode
6000} *: alpha mode 6000} *: alpha mode 1]
o : beta mode o : beta mode
M3 2000 M3,| 4000
2000 Th / 2000 Th
o ] ——
33 34 35 36 33 34 35 36
4 time (ms) 4 time (ms)
Ty © T¢ (d
> SR RREAL L ) R E s
Bl 7P RA RS 2R TSRS
8000 0.4
0 : zero mode =) + : alpha mode
6000F *: alpha mode g 0.3| 0O:betamode
o : beta mode h =
T, g TS_alpha
¢ g o2 coes
v )
Eﬂ 3
2000 Th g 0.1
s ] )]
08
33 34 35 36 35 40 45
t time (ms) t time (ms)
Te (a) Ty (b)

B8 #pt b 303 4 C-Afp et e i 2 LA s *

L

S

PR R FMR R R E 095 pui B9 G
BT 2 AR O ] 9—(a)l (b ##®m C
frd @A EELE > CCVT 2 %sr«”g
2R RRAA, A d B 9-(c) » ¥ At

@ > betarmode 2 4p 1k T © ik R T 2 r'«:l‘ql E] 9-
(d) 5 abS[afg(En/Bm)] e & F1E e < TR
ES S R N it uﬁéﬁwmﬁ~’ﬂ
B 9 (% (f) ¥rmt 5 = Apchh > & it
% WAk RS S % CT 4rfcs CCVT #fi 2
BoxRngaFidr w2 THELER -

Dﬁ#;gﬁy RN A

BRI A RET IR A llﬂ'l‘-‘ﬂﬁ"—r
2 B o AW 6F 2 T1 f sk ) S
H A %Fﬁﬁﬂﬁ‘ﬂkﬁ%&ﬁiﬂkﬁﬁim
ARG A PE- APERFIBRIEN X
WP TR T 2 R R AL 0 M R =B K 01
U @ BT i 1 o B 10-(@)% (b) 5 ¢ &
T &R EE LR e N B2 R RE o &
HORFE-E ] e Tt g 4 5208 ms 14 o 2
FH PNk o Bl 10-(0)~(e) 1 18 I 15 HAL sk 1
Apthk o 2 PR AR T 2 R % o TS
4PN MR is o PSR T RN E L A R R B
10-(f) . #2 wgmgwﬁﬁ;mﬁﬁ%’mml~
mode 2 2 mode 3 z #& g T =% £ & % & 0.13% -
0.44%% 0.92% > H #icm o> 1% 55 L%
BRI RET 0 kG kAR BRI

s
A ©

—

*
g
sy

o

H

Q‘;am
—
!

—

I
am 5%

)



.

-
(42
o

RS RVEES

2 9757 od AT

E sl

-~ ~ 100
< 100t 4 S c
§ 50 & 50
- -
B
€ 50 o T 50
3 -100 ]
é 5o & & -100f
) 40 60 80 100 40 60 80 100
time (ms) time (ms)
(a) (b)
8000 3
0 : zero mode =
+ : alpha mode ¥
6000 g : beta mode ~
2 T, 7
M| 4000 i) =
N g,
2000} g
2 TS_beta
o — .4 e -
0
33 34 35 36 35 40 45
time (ms) 4 time (ms)
Ty (©) Ty (d
8000 8000
o : zero mode 0 : zero mode
+ : alpha mode + : alpha mode
6000 o : beta mode 6000 1 : beta mode
|M',';|| 4000 M| 4000
2000 Th 2000 Th
(i [ il
33 34 35 36 33 34 35 36
4 time (ms) 4 time (ms)
Te (e) Te ®
24 14 < = P s . N
Bl O supep 304 2 = #Elfﬂﬁ*é#&i‘- r‘th?- m CT4F frpsF 2
h 4
R
8000 4
o :mode 1 ~ o :mode 1
+ :mode 2 § + :mode 2
6000F g : mode 3 =3
=
|M?n| 4000 € 2
Zi &
i) g
2000 Th s 1 TS_model
g £ Lo TS mode2
0¢
33 I\ 34 35 36 4 35 40 45
time (ms) time (ms)
15 ki ® 15 It ®
0 : zero mode 0 : zero mode
+ : alpha mode + : alpha mode
S : bet:
10 o : beta mode 10 0 : beta mode ]
M2 Mg|
. TS_zero TS_zero
LA 15 apma Vi s
P Oll—-uw TS_alpha
34 36 38 34 36 38
4 time (ms) time (ms)
5 Ty (©) Te (d)
0 : zero mode
— :mode 1
+ :lpha mgde 014} __ ;ﬁgd:z
40 ©: beta mode e e
M TS - Dy 0.12
zero m| Y
3 B 0.11
TS_alp}xé D/E/E/EVM/ B
g 01
0
34 36 38 2 25 3 35
time (ms) time (cycles)
T¢ (e) ®
g% Rz 5 = i 4
B 10 4 =] M2 T AR %
BB Rl 4 74 2 (20
I3 P A "] s s
Bt AT A RN LB R SRS &
1 Y N . UV P 2gE gl o
Bk 5™ 0 A% R BT 462 B R RRIE 0 R
RERB T AFEAOT IR B R xR 2

I35k P-‘F-'é /FJE‘:‘?F’& )

1624 ms: @ Lo Fpem AL pEFRF L 5063mse &~
Pofis 2 k2 To%kE > KRB =idash
g L iw {pﬁgfﬁ7 Lo L ) 1% o
;2 R 110 W R IR RBP4 EAJ 4 T2 2
T3 MK L #7 55 & F-ﬁl’h—%?uﬂpik DA S o4 -

T;
g»«
:;\'.\Z N

p‘\g\ll‘f’éﬁt]‘ﬁl“ﬁilkkf /’*%%/‘\NTF

OEETUREN S 3 %ﬁ%éjiﬁﬁ e -
FLEI GBS VAT Z ARTERNFLIFF T L
BREZ2HET Fo
7o 2 FERR R PO Z M St 4
Evaluated L Fault location
items Fault Tripping error (%)
detection decision
Fault time (ms) | time (ms) Alpha Beta
types mode mode
Single phase to "
ground fault | 2150 4.892 0.406 | 0.362
Double phase to
ground fault | 1:261 4.091 1.015 | 1.065
Pouble phase | 5 043 5.920 1.005 | 0.867
Th h
P 1.042 5351 0.961 | 0477
Average 1.624 5.063 0.847 0.693
V. &%

A EED L PMU G A#H 2 AT REF R 2 0 2
PR ETHE LRI 2 AR - "[Hﬁ
% Mpy B R P IR RN 2 AR
FEREH L BBy B0 % LR
w2 ’»**" v T3 g g R L PE R RO Ly
dooom Ed Bl A 2N kIR B p sk
FE_’FE_F]’;*\IR_FEﬂ'{h_B) %"‘7 FARESVRAAREZ X

PHEXRFE R A TSR EFEL J*«“ 1% * %
ﬁﬁ‘f"i’* MR R 2 s A R ME - e
NS TR e R R A ’ﬂ “ 2’\? ik 2
ﬁh]a, MiEEBFIARE T 72 G e e

T R

VI $EF-ES%p3
LA E S AR SR R TR
BIE el L dg i B R o 7}3 r«tf-ﬁl i
F—Sl i‘“"}[p N R AR A S
WEL T RS 0 T RE D ,a+£§#
Rens g 28— HHATA R
T A2 IH-FE 3 o Efé(%)&”ﬂ

FHETF AT HERALE R
5 o ‘4% R oo pteh s T FNF Y
b CT & fc3 CCVT %‘F,Q,\a»—gzl e o

o EgAAEHAE BRI AHZ
i3 m&mvﬁwwaoaﬁﬁﬁ
FRRTHEFETFRFLT AR
c AFHAL A REH 0 p T

In

R
\“E?-

S @3 W o

hE - m S

&

El

P

rr!,gb

. 3
bl

oo
;“‘\

At

Ry T

\lN

¥
Im

=

1S

=

B
s
EHL

. S

/4 H'

Lo
T

YME%
6’34

_‘_:E
W
&
~
Ffﬂ

AR ZHGFIEREFER R



AL 2PN S o 3 3 F ieih 2 3 43 |EEE
Transactions on Power Delivery # 7][15, 16] -

(1
(2

(3]

(4

(5]

(6]

(7]

(8]

(9

(10

(11]

(12]

(13]

(14]

(19]

(16]

VII. ;"«‘g—ofe

A. G. Phadke and J. S. Thorp, Computer Relaying for Power
Systems, John Wiley & Sons, New Y ork, 1988.

Power Engineering Education Committee and the Power System
Relaying Committee of the IEEE Power Engineering Society,
“Advancements in Microprocessor Based Protection and
Communication”, IEEE Tutorial Course, 1997.

Working Group H-7 of the Relaying Channels Subcommittee of the
IEEE Power System Relaying Committee, “Synchronized Sampling
and Phasor Measurements for Relaying and Control”, IEEE Trans.
on Power Delivery, Voal. 9, No. 1, January 1994, pp. 442-452.

R. K. Aggarwal and A. T. Johns, “A Differentia Line Protection
Scheme for Power Systems Based On Composite Voltage and
Current Measurements”, IEEE Trans. on Power Delivery, Val. 4,
No. 3, July 1989, pp. 1595-1601.

M. M. Mansour and G. W. Swift, “A Multi-Microprocessor Based
Travelling Wave Relay - Theory and Realization”, IEEE Trans. on
Power Delivery, Vol. 1, No. 1, January 1986, pp. 272-279.

Z. Q. Bo, G. Wédller, T. Lomas, and M. A. Redfern, “Positional
Protection of Transmission Systems Using Globa Positioning
System”, IEEE Trans. on Power Delivery, Val. 15, No. 4, October
2000, pp. 1163-1168.

M. Kezunovi¢ and B. Perunici¢, “Automated Transmission Line
Fault Analysis Using Synchronized Sampling at Two Ends”, IEEE
Trans. on Power Systems, Vol. 11, No.1, February 1996, pp. 441-
447.

H. Y. Li, E. P. Southern, P.A. Crossley, S. Potts, S. D. A. Pickering,
B. R. J. Caunce and G. C. Weller, “A New Type of Differential
Feeder Protection Relay Using the Globa Positioning System for
Data Synchronization”, IEEE Trans. on Power Délivery, Vol. 12,
No.3, July 1997, pp. 1090-1097.

J-A. Jiang, J-Z. Yang, Y.-H. Lin, C.-W. Liu, and J-C. Ma, “An
Adaptive PMU Based Fault Detection/Location Technique for
Transmission Lines, Part |: Theory and Algorithms”, IEEE Trans.
on Power Delivery, Vol. 15, No. 2, April 2000, pp. 486-493.

J-A. Jiang, Y.-H. Lin, J-Z. Yang, T.-M. Too, and C.-W. Liu, “An
Adaptive PMU Based Fault Detection/Location Technique for
Transmission Lines, Part I1: PMU Implementation and Performance
Evauation”, IEEE Trans. on Power Delivery, Vol. 15, No. 4,
October 2000, pp. 1136-1146.

C.-S. Chen, C.-W. Liu, and J-A. Jang, “A New Adaptive PMU
Based Protection Scheme for Transposed/Untransposed Pearallel
Transmission Lines”, IEEE Trans. on Power Delivery, Vol. 17, No.
2, April 2002, pp. 395-404.

J.-A. Jiang, C.-W. Liu, and C.-S. Chen, “A Novel Adaptive PMU
Based Transmission Line Relay — Design and EMTP Simulation
Results”, IEEE Trans. on Power Delivery, Vol. 17, No. 4, pp. 930-
937, October 2002.

IEEE Standard for Synchrophasors: IEEE Std. 1344-1995, copyright
1996 by IEEE, 345 East 47" Street, New York, NY 10017-2394,

H. W. Dommel, “EMTP Theory Book”, 2™ Edition, Microtran
Power System Analysis Corporation, Vancouver, British Columbia,
May 1992.

Joe-Air Jiang, Ching-Shan Chen, and Chih-Wen Liu, “A New
Protection Scheme for Fault Detection, Direction Discrimination,
Classification, and Location in Transmission Lines”, |EEE
Transactions on Power Delivery, Val. 18, NO. 1, January 2003, pp.
34-42.

Joe-Air Jiang, Ching-Shan Chen, and Chih-Wen Liu, “Closure to
Discussion of A New Protection Scheme for Fault Detection,
Direction Discrimination, Classification, and Location in
Transmission Lines”, IEEE Transactions on Power Delivery, Vol.
18, NO. 2, April 2003, pp. 653-655.



B LA G R RFE DAL SRR (22

L E e
RS ke
FEERASA A AE
PEAGHR:
PRFe LR

92.8~93.7

FR—AFLVRBRERESER G AA B - A5
R AR R o T AL RT P2
SIS S S S R S F A
M R AR 2P MR i/
Eqpiit e M p g e HPFRETATE 2 E KA BR
FAIA o AIALH D EFFLHES R Wi eT
TR B A MATLAB B 5 8 T SURE T A4 st
Phae o2 RAGEFREEFLZDAP RS EHER
Blo A THF R T ABRG TRETELR AL HE
B 2 TORBARESG ARG hE T M
éZP@THA#W#@~kﬁ@EEf TR~ b Rl
e~ Limdp k> Al ) ‘a%wwaiﬁi?%
2R A HTRIE L E S TORAR AR SR o M2
FerBAANFETHI AL BOLBRG - ks s
i e
“%%\? FE 2_/* B
&#%W’MAHABo

EE,P]: /,<5,L,’ E"—’f"” A

Abstract—This project, based on two-terminal synchronous
measurements technique, is devoted to the design of a high
performance protective relaying system for transmission lines.
The protective relaying system can be built into the defense
system against power system collapse. The research has an
orientation towards practical considerations and can also be
integrated in the existing EMS/SCADA systems of power
companies. The research task includes the development of
protective relaying algorithms and the design of the graphical user
interface. This report is the implementation results of the second
stage of the project and is described as below. This work develops
agraphical user interface (GUI) of protective relaying system for
transmission lines by using MATLAB package. The architecture
of GUI system that is suitable for two-terminal based protective
algorithms is proposed. The developed GUI system can provide
real-time monitoring, on-line dynamic simulation, and historical

data inspection functions. The operation state of the power system,

the synchronous measured data, the caculated fault
detection/location indices, the settings for tripping the relay, etc.
can be displayed in the windows of the designed GUI system. In
addition, the proposed GUI system can be integrated with the
two-terminal based protective relaying system to enhance the
relaying performance.

Keywords: Protective relaying system, phasor measurement,
power system, monitoring system, Graphical user interface (GUI),
MATLAB.
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