Global Definitions

100 000
I={010 ZER:=|0 0 0 II=|1
001 000 1
5 T
= 0.5 + 0.8660254] degz% BALz(l a a)
Convert +-0 to phase impedances:
ZS(ZO,zl) = 271+ 70 Zm(ZO,Zl) = A=zl

ZS(ZO, zl) zm(zO,zl) zm(zO, zl)
Z(ZO,Zl) = zm(zO,Zl) zs(zO,zl) zm(zO,zl)
Zm(ZO, Zl) zm(zO, Zl) zs(zO, Zl)

XS82 0 0
XYZS2:=| 0 YS2 O
0 0 ZS2
XR2 0 0
XYZR2:=| 0 YR2 0
0 0 ZR2

7S := 7(70S,718)
Source and line impedances to the fault
ZCl:= ZZC1'1

H11:=ZS + m-ZL1 + ZC1 + XYZS1
H33:=ZR + (1 - m)-ZLl + XYZR1

Prefault Currents and Voltages

ZDENOM := ZL1 + ZC1 + ZL2 + ZC2

7R := Z(ZOR, Z1R)

XS1 0 0
XYZSl:=| 0 YSI O
0 0 ZS1
XR1l 0 0
XYZR1:=| 0 YRl 0
0 0 ZRI1

ZL1 := Z(Z0L1,Z1L1)

ZC2:= ZZC2 1
HI2:= ZS + mZ12
H34:=ZR + (1 - m)-Z12
ES := essBAL

MONEDZ := ZDENOM

ZPRE:= ZS + ZR + (ZL1 + ZC1)-(ZL2 + ZC2)-MONEDZ

ISPRE:- ZPRE ' -(ES — ER)
ISIPRE := (ZL2 + ZC2)-MONEDZ ISPRE

Build the Fault Impedance Matrix ZFLT

AlA2 BIA2 ClA2

ZCC:=| A1B2 B1B2 CI1B2
AlC2 BIC2 CIC2
FZ1AG FZ1G FZ1G
F1ABCG:=| FZ1G FZI1BG FZI1G

FZ1G FZ1G FZ1CG

1 1

H55:= -FIABCG - ZCC~

M1 := augment(H55, H56)

VSPRE := ES — ZS-ISPRE

ERO:=(0 0 0)
1
1 m=(111)
es = 66.4.d0deg eri= 664

These Matrices are included to provide breaker

switches at the S-End terminals

These Matrices are included to provide breaker

switches at the R-End terminals

712 = 7(Z012,7Z112)

Z12:= ZMII
H22:= ZS + m-ZL2 + ZC2 + XYZS2
H44:= ZR + (1 - m)-ZL2 + XYZR2
ER := errBAL

|

VRPRE := ER —~ ZR-ISPRE

IS2PRE := (ZL1 + ZC1)-MONEDZ-ISPRE

FZ1AG = FZ1A + FZ1G
FZ1BG = FZIB + FZ1G
FZ1CG:= FZIC + FZ1G

FZ2AG = FZ2A + FZ2G
FZ2BG = FZ2B + FZ2G
FZ2CG:= FZ2C + FZ2G

FZ2AG FZ2G FZ2G

F2ABCG =

FZ2G FZ2BG FZ2G

FZ2G FZ2G FZ2CG

H66:~ —F2ABCG |

M2 := augment(H56, H66)

K1 := augment(Hl1,augmem(HlZ,augment(ZER,ZER) )

K3 := augment(ZER, augment(ZER, augmem(H33 s H34)

)
K2 := augment(HlZ, augmem(H22, augment(ZER, ZER))
)
K4 := augment(ZER, augment(ZER, augmem(H34, H44))

)
)
)

K:= augment(KlT s augment(KZT , augment(K3T s K4T)))T

Ll:= augment(l, augmem(ZER, augmem(I, ZER)))

L:= augment(LlT s LZT)

Calculate the Relay Currents and Voltages

TS1:= augmenl(I, augmem(ZER, augment(ZER, ZER))
TS2:= augmenl(ZER, augmem(I, augment(ZER, ZER))
TR1:= augment(ZER, augmem(ZER, augmem(I, ZER))
TR2 := augment(ZER, augmem(ZER, augmem(ZER, I))

ZFLT =K - LM 1l

)
)
)
)

E:= (augment(EST s augment(EST s augment(ERT , ERT))))T

IS1S2 := YFLT-E
IS := IS1 + IS2

IS1 := TS1-IS1S2
VS:= ES - ZSIS

- 7CcC

YFLT := ZFLT

1 1

H56:= ZCC~

M:= augment(MlT s MZT)T

L2:= augment(ZER, augmem(I, augmem(ZER, I)))

IS2 := TS2-IS1S2
VCAP1:= VS - ZZC1-I81

INF = IOI

0



IR1:= TR1-IS1S2
IR:=IR1 + IR2

IR2 := TR2-IS1S2

Outputs  Prefault VR := ER - ZR-IR
— —_— — —_—
ISIPRE =4 arg{ISIPRE) = s deg VSPRE = arg(VSPRE) = a deg

VAMEM = VSPRE0 VBMEM := VSPRE1 VCMEM := VSPRE2

—
IS2PRE =4

arg(VRPRE; = ndeg

—
VRPRE| =

Outputs  During Fault
— —_— — _—
ISI = arg{IS1) = wdeg IS2 =4 arg({IS2) = wdeg
— —
VS = arg(VS) = udeg i=0,1.2 IRS1 = 2151 . RS2 := lezi
i i
IRR] := ZIRli IRR2 := ZIRZi
’ ) : 1
VR = arg\VR) = s de;
' ¢ nace A B s011 = 2011 KOM1 :=
Z1L1 ZOL1
VAS = VS, VAR:= VR, IASI:=1IS1 IARL:= IR1,
VBS = VS1 VBR:= VR1 IBS| = 1511 1BR1 := ll{l1
VS = VS2 VCR = VR2 1CS 1 = 1512 1CR1 = 11{12 IBR2 := IR21
1AS2 = ISZO 1BS2 = 1521 1CS2 = 1522 1ARZ = IKZO 1CR2 = 1K22
1ABR I := —\[ARI] - IBR1) IBCR1:= —\IBR1 - ICR1) 1ICAR] := —\ICR1 - IARl)
IABS1 := IAS] — IBSI IBCS1 := IBS1 — ICS1 ICASI := ICS1 — IASI
VABR:= VAR — VBR VABS:= VAS — VBS VAIRM:= VRPRE, ~ VBIRM:= VRPRE, ~ VCIR!
VBCR := VBR — VCR VBCS := VBS — VCS VABIRM := (VRPKEO) ~ VRPRE,  VBCIRM:= (V!
VCAR := VCR - VAR VCAS := VCS— VAS
VAISM = VSPRE,, VABISM := (VSPREO) ~ VSPRE, VO0S:= G}(VAS +VBS+VCS) DS2:= G)(IAS:
VBISM := VSPRE VBCISM := (VSPRE ) — VSPRE, 1 1 (
1 1 2 VOR := 3 (VAR + VBR + VCR) I2R1:= 3) IAR
VCISM = VSPRE, VCAISM:= (VSPREz) ~ VSPRE,
V2S:= G}(VAS + 4-VBS + a-VCS) ViS:= %j

NEGATIVE- AND ZERO-SEQUENCE DIRECTIONAL ELEMENT

_ Rd(v2g)-nsiz1i]
(|12s1 )2

_ Re{(3-v05)- IRST.2011]
( IRS]| )2

72: 70

BUS S: LINE 1 PHASE DISTANCE ELEMENTS

Rd VABS (VABISM)]

=l Rd VBCS:(VBC1SM}]
. } MBC :=
Re z111-(IABS1)- VABISM] ReL111.(1CS1). VBCTSM]

MAB:=

MCA.. _ RAvCAs(vCAisM)]
" R z111.(ICAS1) VCAISM]
MCAD := Rd z111-(ICAS1)-VCA1SM]

MABD = Rd z111-(IABS1)-VABISM] ~ MBCD:= Re[z111-(IBCS1)-VBCISM]

MAG = R4 VAS (VAMEM)] DMAG := R z111-(IAS1 + kO1.IRS1)- VAMEM| ~ NMAG := R VAS-(VAMEM)]
Re z111-(IAS1 + k01.IRS1)- VAMEM]
(; .Tz.de§i> ( (i ~T0~de§i)
XAG2 = Im(VAS~I2Sl~e XAGOL = Im\VAS-IRS1-e .
|—.— . - ii."l“’).rif:-ni —l |—.— . - ii."l“ﬂ.rif:-ni



Im | Z1L1-(IAS] + kO11.IRS1)|-e¥ = “*&.1281| Im | Z1L1-(IAS] + k011.IRS1)|-e¥ *¥ “*&.IRS]

RAG 1 vAS-((TaS1 + kOLIRSD) z111)] RAB. { 1n] VABS-((TABS1) 2111)] }

Im|:1.5~|:|:1251 + (g)}(mm + k01~IRS1)~zlll:|:| mﬂj.[(ﬁ).(az.lm)ﬂ.( IABSI ~lel):|

Rd VBS-(VBMEM]]

MBG = DMBG := Rd z111-(IBS1 + k01-IRS1)-VBMEM] NMBG := Rd V1
Re z111-(IBS1 + k01-IRS1)- VBMEM]
( 0 ij'.Tz.degi) ( iivTo.deé))
XBG2L Im\VBS-12S1-a -¢ | XBGOL Im\VBS-IRS1-¢ |
ImJ:[zllL[IBSl + (k01-1R51)]]~eG'TZdeQ-(Izsl-aoﬂ ImJ:[zllL[IBSl + (k01-IRs1)]]~eG'To'deg-(m
REG In] vBS-((IBSI + kOLIRS1)z111)] { 1n] vBCS-((1BCS1)2111)] }
1{1.5.[1251.“ (%)}(IB& ¥ kOl~IRSl)~zlll:|:| mﬂ [(3 (0 IZSI):|:|~( IBCS1 ~lel):|
MCG Rd VCS (VCMEM)]
R 2111-(ICS1 + kOI-IRS1)- VCMEM] DMCG := Rd z111-(ICS1 + k01-IRS1)- VCMEM] NMCG := R VCS(VCI
ROG 1] ves ((ICst + ko1 IRS1) 2111 ] RCA { In] veas-((Icasy) zi1)] }
m|:1 5[1251 (IRSl):|~(ICSI+kOl~IRSl)-zlll:|:| Im[ [ (a IZSI)H~( ICAS1 -lel):|
( 0 ii.Tz.degi> ( ijvTo.degi)
—— Im\VCS1281-a ¢ — Im\VCSIRS1-¢

IrnJ:[zllL[ICSl + (kOl-IRSl):|:|~IZSI~aO-eG'Tz'deéﬂ IrnJ:[zllL[ICSl + (1<01-IRS1)]]~IRS1~eG'TO'de

FSA60p := (arg(@) > 30-deg)-(arg(@) < 60~deg) FSA60m := (arg( IRSl) —60-de ) (arg( IRSl) < 73O~deg)
1281 1281
FSA30:= (arg(IRm) ) (ar (IRSl) < 30- deg)
1281
FSB30:= (arg(@) > 90~deg) (arg( RSl) < 150~deg) FSBo60p := (arg(lRSl) ) (ar (IRSl) < 90- deg)
1281 1281 1281 1281
FSB60m := (arg(IRm) > 150-deg) (arg( gssll) < 180-deg)
IRS1 IRS1 IRS1 IRS1
FSC30:= | argl —— | = —150-deg|-| ar; < —90-de; FSCo60p := | ar; —180-deg|-| argl —— | < -150-de
( g(lzsl) g) ( g( 251) g) P ( g( ) g) ( g(lzsl) g)

FSC60m := |argl —— IRSI 2 -90-deg|-| arg| 1RSI < —60-deg
1281 1281

MABmin:= ( MBC > MAB )-{ MCA| > |[MAB|) IABmax := (|IBCS1 < IABS1)-( ICASI < I1ABSI|)
MBCmin:= (|]MAB > MBC )-{ MCA| > |MBC|) IBCmax := (|IABS1 < IBCS1 )-( ICASI < IBCS1|)
MCAmin:= ( MBC > MCA|)-(]MAB > |MCA ) ICAmax = (JIBCS1 > [ICAS! )-( IABS1 > ICASI )
IBETAM := |:IABmax~ 711{51‘ :| + |:IBCmax- 7‘ IRS1 :| + |:ICAmax~ RS :|
(|1ABSI -0.1) ( BCS1|-0.1) (l1casi)-0.1)
RESULTS PAGE:
RAG = s RBG = u RCG = » FSA30 = a FSB30 = FSC30 = u
RAB=u RBC = » RCA =4 FSAGOp = » FSB60p = FSC60p = »
MAB = « MBC = « MCA = » FSAGOm = FSB60m = FSC60m =
MABD = « MBCD = & MCAD = « MABmin = « MBCmin = s MCAmin= «
MAG = MBG = MCG = »
$=000l m=01 U=INFT2=0.00 TO=0
DMAG = » DMBG = DMCG =
=4 arg(IRS1) — arg(12S1) = udeg
XAGOL = XBGO1 = XCGOL = 0=
XAG21 = XBG21 = » XCG21 = »
Source R:  ZOR = (0.0 + j)-INF ZIR = (0.0 + 1.j)-INF Z18| = u arg(Z1S) = udeg Z0S| = u arg
Source 8:  Z0S = (0.0 +)-3 218 = (0.0 + 1:j)-1 ZILl =« arg(ZIL1) = adeg ZOLl =a  arg
Linel:  Z0L1=(0.0+j)-27 Z1L1 = (0.0 +)9 ZIR| = arg(ZIR) = udeg ZOR| = arg
Line2:  ZOL2 = (0. + 1:j)-27 z112 = (0.0 + )9 Z0L1 - ZILL _ N (zom - z1L1) de
Caps: ZZC1=0000 ZZC2=0000 ZM=0.1-ZOLl 3ZILL , 3ZILL



ZFault 1: FZ1A=INF FZ1B = 0.00001 FZ1C = INF
Z Fault2: FZ2A = INF FZ2B = INF FZ2C = INF
Z Cross: A1A2=3.INF A1B2=INF Al1C2=INF

B1A2=INF BI1B2= 3.INF BIC2 = INF
Cl1A2=INF CIB2=INF CIC2=3-INF
VOLTAGES AND CURRENTS AT THE S-BUS, LINE 1

VSPREO‘ = arg(VSPREO) = adeg
VSPKJ:]‘ =n arg(VSPKEI) = ndeg
VSPKJ%‘ =n arg( VSPKJ:&) = ndeg
ISIPRE) = arg(ISlPREO) = wdeg
ISIPl{El = arg(lSlPKbl) = ndeg
151PKJ:’2 = arg(lSlPsz) = ndeg

FZ1G= 4.0
FZ2G = INF
XS1=0
XR1=0

VAS| = a

VBS| = »

VCS =u

IAS1 =,

IBS1| = u

ICS1| = u

K011 = 0.66-¢10d¢8)

k01 = k011
YS1 ZS1=0 XS2=0 YS2=0 ZS2:
YRI1 ZR1=0 XR2=0 YR2=0 ZR2
arg(VAS) =undeg V2§ = arg
arg(VBS) =undeg VOS| = » arg
arg(VCS) adeg VIS = arg
arg(IAS1) = u deg DSI| = arg
arg(I =adeg 11S1] = » arg
arg{ICS1) = udeg IRS1| =« arg






BUS S, LINE 1 FAULT LOCATOR: FLS1

DMAG =1 Im(VBS-IRS1)

FLBSI :=
Im[Z1L1.(IBS1 + kO1F-IRS1 + kOM1-IRS2)-

BUS S, LINE 2 FAULT LOCATOR: FLS2

FLBSI =
_ FLASI = »
FLS2 o [ Im(VASIRS2) }
© | m[z102-(1AS2 + K02-IRS2 + kOM1-IRS1).IRS2) —_——
=
101 := RS
3
RAGIS— { Re(VAS-Z1L1.(IAS] + kOLIRS1)) }
R (1281 + 1081)-1.5-(Z1L1-(IASI + kKOL.IRSD) )]
RAGIS = 4
LOCAL AND REMOTE BUS SEL-311 PHASE DIRECTIONAL ELEMENTS
R (TABR1-Z1L1)-(VABIRM)] = & R (1ABS1.Z111)-(VABISM)] =
R (IBCR1-Z1L1)-(VBCIRM)] = &
R (TABR1-Z1L1)-(VABIRM)] = & R (IBCS1.Z1L1)-VBCISM] = u
Rd (ICAR1-Z1L1)-(VCATRM)] = 4 R (ICAS1-Z111)-(VCAISM)] =
XAGI := Im(VASTRS1) XAG2 = Im((VSO.IRSZ))
m[ Z1L1 1481 + (k01.1RS1)] ]-IRS1] Im|:|:Z1L2~(ISZO + k02~1Rsz)]-FszJ
m:= (ﬂ) km =g
Z1L1
XAGIM = Im(VAS-IRS1) _
Im[[Z1L1-(1AS1 + KOL-IRS1 + km-IRS2J] TRS1] XAGIM = & XAGI = o
XAGIM i Im(VAS-IRS2) _
Im] Z1L1-(IAS2 + kO1-IRS2 + km-IRS1-1)]-IRS2] XAGIM = & XAG2 = o
XBG1 = Im(VBS TRS1) XBG1 = »

Im{] z111.[1BS1 + (k01-1RS1)]]-IRS1]



