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ECE 525: Homework #4

Fault Current Calculations

Calculate the fault currents for three-phase, phase-to-phase and single-phase-to-ground faults at the following locations: at the
distribution station 138 kV bus, distribution station 12.47 kV bus, and the end of each of the three sections of the feeder.

Bus2 Each of the 3 feeder sections has:
other Zteeder1=Zfeeder2 = 10-1pu
BusO Busl feedery  Zgoogerg = j0-3pu
j{ Bl I B2 B3 Bus3 Rl Bus4 R2 Bus5
ZLI :]01 pu I

138kV Z12=71 4 138:12.47kV
100MVA 703 50MVA Load Load Load
Vg =1.0pu Lo~ %> pu X=10% 3.3 MW 3.3 MW 3.3 MW
Zg1=j0.1 pu on 100MVA R=0 unity pf unity pf unity pf
ZgH=Zg] and 138kV D-Yg

Z30=7231
e Define units and constants
pu:=1 MVA = 1000kW MW = MVA

— e] 120deg 1 1 1

A012 =11 8,2 a
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e Define system bases

12.47kV
SB = 100MVA VBH = 138kV VBL = VBH' —_— VBL = 12.47-kV
138kV
SB
IBH = IBH =418.37A
V3-Vau
SB
IBL = IBL = 462991 A

V3-ViL

e Per unit impedances

e Source e Line e Feeder sections (per section)
Zs1 :=j-0.1pu Z11 =7j-0.1pu Zteederl == J-0.1pu
Zso :=j-0.1pu Zio =]j-0.3pu Zteedero == J-0.3pu

e Transformer

Srated = SOMVA Viy = 138kV Viy = 12.47kV Z, = j-10%

e change of base calculation

2
Vav S ,
Z1) = Zr(v j '(S j Z11 = 0.21-pu 770 = 7711

BH rated
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Sequence Equivalent Circuits

S 4 2% 5 R &L
*  Positive sequence MNLE_ N2 o ME M2 ey
equ1valent cireuit: Z31 Z11 11 Zieederl Zfeederl Zieederl
O
N1
Q N v g0) e %)
& & & & & &
e Negative sequence N M @_/YYY\_IYYY\ M MYYYLS
equivalent circuit: 232 212 212 Zfeeder2 “4feeder2 Zfeeder2
N2
$ & & g g K
* Zero sequence M2 NE N2 e e _mme
equivalent circuit Z30 Z10 2710 Zieeder0 Zfeeder0 Zfeeder0
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Fault current calculations

e First form Ybus and then Zbus for each sequence. First the positive sequence

1 1 -1
+ 0 0 0 0
Zs1 7y 71
-1 11 1.0 30dee
+ 0 0 0
71 Z1y Zm 71
—j-30deg
~1¢ ! 1 1 -1
0 ¢ + 0 0
N 711 271 Zfeederl Zfeederl
1 =
-1 1 1 -1
0 0 + 0
Zfeederl Zfeederl Zfeederl Zfeederl
-1 1 1 -1
0 0 0 +
Zfeederl Zfeederl Zfeederl Zfeederl
-1 1
0 0 0 0
Zfeederl Zfeederl
—201 101 0 0 0 0
101 —15i1 -25+4331 0 0 0
0 2.5+4.331 —151 101 0 0
Yl = ‘pu
0 0 101 201 101 0
0 0 0 100 —201 101
0 0 0 0 101 —101
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1

Z1 =Y
0.11 0.11 —0.05+0.091 —0.05+0.091 —0.05+0.091 —0.05 + 0.091
0.11 0.2i -0.1+0.171 -0.1+0.171 -0.1+0.171 -0.1+0.171
0.05+0.091 0.1 +0.171 0.41 0.41 0.41 0.41
4= 0.05+0.091 0.1 +0.171 0.41 0.51 0.51 0.51
0.05+0.091 0.1 +0.171 0.41 0.51 0.61 0.61
0.05+0.091 0.1 +0.171 0.41 0.51 0.61 0.71

e Now the negative sequence (note that the phase shift in the Y-A transformer reverses)

1 1 -1

—_—t — e 0 0 0 0
Zs1 7y 71
-1 |1 . )30dee
+ 0 0 0
71 Zry 71 711
30deg
1-¢ 1 1 -1
0 + 0 0
v, o 711 211 Zfeederl Zfeederl
2 =
-1 1 1 -1
0 0 + 0
Zfeederl Zfeederl Zfeederl Zfeederl
-1 1 1 -1
0 0 0 +
Zfeederl Zfeederl Zfeederl Zfeederl
-1 1
0 0 0 0
Zfeederl Zfeederl
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-20i  10i 0 0 0
10i  -15i  25+433 0 0
0 -25+433i 15 100 0
Ys =
0 0 10i 200 10
0 0 0 10i  —20i
0 0 0 0 10i
1
Z:=Y,
0.1i 0.1i  0.05+0.09i
0.1i 02i  0.1+0.17i
~0.05+0.09 -0.1+0.17i 0.4
Z; =

—0.05 +0.091 —0.1 +0.171 0.41
—0.05+0.091 -0.1+0.171 0.41
—0.05 +0.091 —0.1 +0.171 0.41

0
0
0
0

101
—-101

0.41
0.51
0.51
0.51

.pu

0.05 +0.091 0.05+0.091 0.05 + 0.091
0.1+0.171 0.1+0.171 0.1+0.171

0.41 0.41
0.51 0.51
0.61 0.61
0.61 0.71
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e Now the zero sequence (no transformer phase shift, but now open circuit)

—-13.331
3.331
0

0
0
0

3.331
-3.331

0
0
0
0

0 0
0 0
1 1 -1
+
ZTO ZfeederO ZfeederO
-1 1 1
Zfeeder0 Zfeeder0  ZLfeeder0
-1
0
ZfeederO
0 0
0 0 0 0
0 0 0 0
—-8.331 3.331 0 0
. ) ) ‘pu
3331 —-6.671 3.331 0
0 3331 —6.671 3.331
0 0 3.331 —3.33i

0 0
0 0
0 0
-1
0
ZfeederO
1 1 -1
+
ZfeederO ZfeederO ZfeederO
-1 1
ZfeederO ZfeederO
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Zo=Yo '
0.1i 0.1i 0 0
0.1i 04 0 0
0.2i 02i
0.2i 0.5i
0.2i 0.5i
0.2i 0.5i

0 O
0 O
0 O
0 O

e Three phase faults:
Vei=1

- 138 kV Bus (Busl):
Vi

0 0
0 O
0.21 0.21
0.51 0.51
0.81 0.81
0.81 1.1i

I3ph Busl =

I3 ph_Busl

= 5-pu

11,1

I3ph Bus! Amps ‘= I3ph Busi*IBH

-12.47 kV Bus (Bus2):

V¢

arg(I3ph7Busl) = —90-deg

I3ph Bus2 =

I3phiBus2

= 2.5-pu

IZ%phiBusliAmps = 2091.85A

12,2

I3ph Bus2 Amps ‘= I3ph Bus2'IBL

arg(hpthusZ) = —90-deg

I3ph Bus2 Amps| = 11.575-KA|
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e Asseen from the HV side of the transformer (B1 or B2)

0 —-0.22 — 0.13i
0 —-0.43 — 0.25i
_I3ph_Bu52 -1
0 -1
0 -1
0 -1
¢ 30dee 0.65 + 0.38i 075
1. 30deg 0.43 + 0.25i 0.5
0
" 1 _ —_— 0
Vi1 = 1 +AV1 Vi1 = . v O arg(V1g) = 30-deg
1 0 0 arg(Vll) = 30-deg
1 0 0
Vip-Vl1,
Ig2 pv = — Ig2 nv| = 2.5-py arg(IBzfﬂv) = —60-deg
L1

Ig2 uv A =12 av'IBH

Igy v A| = 1045.92-A

b We will see something similar for each of the three phase faults, with a +30 shift in the cirrent
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- At end of first feeder section (just before recloser R1)

Vi
I3ph Bus3 = 7 I3ph Bus3| = 2-pu arg(I3ph7Bu53) = —90-deg
133
I3ph7Bus37Amps = I3ph7Bus3'IBL I3phiBus37Amps = 9259.33-A
- At end of second feeder section (just before recloser R2)
Vi
I3ph Bus4 = I3ph Bus4| = 1.67-pu arg(I3ph7Bus4) = —90-deg
14,4
I3ph7Bus47Amps = I3ph7Bus4'IBL I3phiBus47Amps = 7716.52-A
- At end of third (and last) feeder section
Vi
I3ph Buss = I3ph Buss| = 1.43-pu arg(hpthusS) = —90-deg
Is.s
I3ph7BusSiAmps = I3ph7BusS'IBL I3phiBu557Amps = 6614.16-A

e Singlelineto ground faults:

- 138 kV Bus (Busl):
Vi

IosLG Busl =
- lel+Zzll+ZO

1,1

I1SLG Bus! = loSLG Busl

I>SLG Bus! = loSLG Busl
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loSLG Bus!

IABC SLG Busl = Ao12°| lISLG Busl

I>SLG Busl
NERE X
IaBC SLG Busi| =| O |pu arg(IABcisLGiBusl) = | 26.57 |-deg
0 26.57

IABC SLG Busl A = IABC SLG Busi'IBH

-12.47 kV Bus (Bus2):

IABC SLG Busl A

1568.89
0
0

A

I1SLG Bus2 = loSLG Bus2

IosLG Bus2 =
- 7 + 75 +7Z

2,2 2,2 2,2

IoSLG Bus2
IABC SLG Bus2 = Ao12+| 11SLG Bus2

I>SLG Bus2

3

A

-90

N
7

IABC SLG Bus2| = | 0 [-pu
0

arg(TABC SLG Bus2) = | 18:43 |-ded

18.43

I>SLG Bus2 = loSLG Bus2
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IABC SLG Bus2 A = IABC SLG Bus2'IBL

|IABC78LG7Bu527A| =

13.8897
0
0

kA

e Fault current as seen on HV side of transformer by B2 (or B1)

Ip HV SLG Bus2 := Opu  no zero sequence current across the transformer

0
0

—-11SLG Bus2
0

AVl1siGBus2 = Z1

VI1SLGBus2 = + AVI1L.GBus2

AV1sLGBus2 =

S
V1sLGBus2

—-0.09 - 0.051
—0.17 - 0.11
-0.4
-0.4
-0.4
-0.4

0.9
0.8
0.6
0.6
0.6
0.6

.pu

arg( V1SLGBus2

30

oS O o O

-deg




ECE 525:
Power Systems Protection and Relaying

Session 16; Page 13/42
Fall 2018

0
0

—I2SLG Bus2
0
0
0

AV2s1 GBus2 = Zp-

0.1
0.2

AV2g51 GBus2| = ‘pu

V2s1.G6Bus2 = AV2s1.GBus2

V1s1LGBus2 0 V1s1LGBus2

1

I1 HV SLG Bus2 = 7
L1

I1 HV SLG Bus2

= l-pu

V2s1.GBus2 0 V2SLGBus21

I gV SLG Bus2 : 7
L1

> 0.4

N
7

0.4 arg( AV25LGBus2) =

0.4
0.4

arg(llfﬂvstGfBusz) = —60-deg

I gV SLG Bus2

= l-pu

arg( IZfHVfSLGﬁBus2) = —120-deg

Ip gV SLG Bus2
IABC HV SLG Bus2 := Ao12:| Il HV SLG Bus2

I HV SLG Bus2

150
150
180
180
180
180

-deg
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. 1.73 . -90
IABCfHVﬁSLGiBUSZ = 0 . pu arg( IABCfHVﬁSLGﬁBU.SZ) = 1 5 8 2 5 deg
1.73 90
IABC HV SLG Bus2 A = IABC HV SLG Bus2'IBH . [724.64
|IABC7HV78LGiBus27A 0
724.64

- At end of first feeder section (just before recloser R1)

Ve

Z +7Z +7Z
1337923 37705 3

IoSLG Bus3 =

loSLG Bus3

IABC SLG Bus3 = Ao12°| l1SLG Bus3

I>SLG Bus3
. 2
IABC SLG Bus3| = | 0 [-pu
0

IABC SLG Bus3 A = IABC SLG Bus3'IBL

[1SLG Bus3 = loSLG Bus3

-90

N
7

arg(TABC SLG Bus3) = | 14.04 |-ded

I>SLG Bus3 = loSLG Bus3

14.04
9259.83
IABC SLG Bus3 A| = 0 a\
0
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e Fault current as seen on HV side of transformer by B2 (or B1)

Ip HV SLG Bus3 := Opu  no zero sequence current across the transformer

0

0

0

AVI1sLGBus3 = Z1-
—11SLG Bus3

0

0
1.ej-30deg
1'ej-30deg

Vl1sLGBus3 =

0

0

0

AV2s1 GBus3 = Z2-

—I2SLG Bus3
0

0

+ AVISLGBus3

AV1s1GBus3 =

V1sLGBus3

AV2s[ GBus3

0.07
0.13
> 0.27 2
0.33
0.33
0.33

—-0.06 — 0.031
—0.12 - 0.071
-0.27
-0.33
-0.33
-0.33

.pu

0.93
0.87
0.73 2

=1 067 arg(V1SLGBus3) =
0.67

0.67

pu arg( AV2SLGBus3) =

30

oS O o O

150
150
180
180
180
180

-deg

-deg
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V2s1.G6Bus3 = AV2S$1.GBus3

Vi SLGBus3, ~ Vi SLGBus3 |

I1 HV SLG Bus3 : 7
L1

I BV SLG Bus3

= 0.6667-p4

arg(IliHvisLGiBuﬁ) = —60-deg

V2$LGBus3O - V2$LGBus3l

I HV SLG Bus3 : 7
L1

I gV SLG Bus3

= 0.6667-p4

arg( IZfHVfSLGﬁBus3) = —120-deg

Ip gV SLG Bus3

IABC HV SLG Bus3 = Ao12:| Il HV SLG Bus3

I gV SLG Bus3

1.15

AN

1.15

IaBC HV SLG Bus3| =| 0 |pu

IABC HV SLG Bus3 A = IABC HV SLG Bus3'IBH

-90

90

arg(IABciHvisLGiBuﬁ) = | 40.6 |-deg

483.09

AN

IABC HV SLG Bus3 A| = 0
483.09

Al
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- At end of second feeder section (just before recloser R2)

Vg
1 = 1 =1
OSLG_Bus4 Zl4 \ N 224 ) A ZO4 ) ISLG_Bus4 OSLG_Bus4 IZSLGﬁBuS4 = IOSLGiBU.S4

loSLG Bus4

IABC SLG Bus4 = Ao12°| l1SLG Bus4

I>SLG Bus4
. 1.5 ) —90
IABC SLG Bus4| =| O |-pu arg(IABC SLG Bus4) = | 18:43 |-deg
0 18.43
IABC SLG Bus4 A = IABC SLG Bus4'IBL 6944.87
|IABC_SLG Bust A| = 0 [A
0

e Fault current as seen on HV side of transformer by B2 (or B1)

Ip HV SLG Bus4 := Opu  no zero sequence current across the transformer

0 —0.04 — 0.031
0 —0.09 — 0.051
0 -0.2
AVI1sLGBus4 = Z1 0 AVISLGBus4 = 05 ‘pu
—11SLG Bus4 -0.3
0 -0.3
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1.ej-30deg
1'ej-30deg
1

1
1

Vl1sLGBus4 =

0
0
0
AV2s1 GBus4 = Ly 0

—I2SLG Bus4
0

+ AVISLGBus4

0.95

30
0.9 30
0.8 N 0
VISLGBus4| = 0.75 arg(VISLGBuS4): . deg
0.7 0
0.7 0
0.05 150
0.1 150
> 0.2 > 180
AV231GBus4| = 025 | arg( AV2s GBus4) = 50 deg
0.3 180
0.3 180

V2s1.GBus4 = AV2SL.GBus4

V1s1LGBus4 0 V1s1L.GBus4

1

I1 HV SLG Bus4 = 7
L1

I1 HV SLG Bus4

= 0.5-pu

V2s1.GBus4 0 V2s1.GBus4

1

I HV SLG Bus4 = 7
L1

arg(IliHvisLGiBusél) = —60-deg
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I> oV SLG Bus4| = 0.5-pu

arg(IziHvisLGiBusét)

—120-deg

Ip HV SLG Bus4

IABC HV SLG Bus4 = Ao12:| Il HV SLG Bus4

I HV SLG Bus4

IABC HV SLG Bus4

0.87
0
0.87

IABC HV SLG Bus4 A = IABC HV SLG Bus4'IBH

‘pu arg(IABciHVisLGiBus4

N~—"YV

-90
=| 0
90

-deg

AN

| IABC HV SLG Bus4 A

362.32
= 0
362.32

- At end of third (and last) feeder section
Vi

IoSLG Buss =

Is 5

+7Z

2

+Z()

5,5

[1SLG Buss ‘= loSLG Buss
5,5

IoSLG Buss

IABC SLG Buss := Ao12°| ISLG Buss

A

IABC SLG Buss

1.2
0
0

I>SLG Buss
X
pul arg(TABC SLG Buss) = | 18:43 |-ded
18.43

I>SLG Buss = loSLG Buss
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IABC SLG Buss5 A = IABC SLG Buss'IBL

|IABC78LG7Bu557A| =

5555.9
0 Al
0

e Fault current as seen on HV side of transformer by B2 (or B1)

Ip HV SLG Buss := Opu

AV1sLGBuss == Z1

Vl1sLGBus5 =

1.ej-30deg

1'ej-30deg

1
1
1

S O o o O

—l1SLG Buss

AV1sLGBus5 =

_

+ AVIsLGBuss | V1SLGBusS

—-0.03 - 0.021
—0.07 — 0.041
-0.16
-0.2
-0.24
-0.28

0.96
0.92
0.84
0.8
0.76
0.72

no zero sequence current across the transformer

.pu

arg(V1 SLGBusSj

-deg
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0.04
0.08

AV2s1 GBus5 = Z2 AV2s1.GBuss

S O o o O

—I2SLG Buss
V2s1.GBus5 = AV2SL.GBus5

VI1SLGBus5 0 Vi SLGBusS |

I1 HV SLG Buss = 7
L1

I 0V SLG Buss| = 0.4-pu

V2s1L.GBus5 0 V2SLGBus51

I HV SLG Buss = 7
L1

I HV SLG Buss| = 0.4-pu

Ip HV SLG Buss
IABC HV SLG Buss := Ao12:| 1 HV SLG Buss

I HV SLG Buss

> | 0.16 ,
"oz ™ arg( AV2SLGBuss) =

0.24
0.28

arg(llfﬂvstGfBuss) = —60-deg

arg( IZfHVfSLGﬁBusS) = —120-deg

150
150
180
180
180
180

-deg
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AN

IABC HV SLG Bus5| =

0.69
0
0.69

.pu

IABC HV SLG Bus5 A = IABC HV SLG Bus5'IBH

e Linetoline faults:

- 138 kV Bus (Busl):
Vs
LiLL Bust =
1,1

IABC LL Bust = Ao12:| lILL Busl

Zl +Zzl

1

IoLL Bust

. —-90
arg(IABciHvisLGiBussj = | 133.15 |-deg
90
. 289.86
IABC HV SLG Bus5 A| = 0 A
289.86

Irr Bust = —liLL Busl

ILL Busi
IaBC LL Bust| = | 433 |-pu arg(IABciLLiBusl) = | 180 |-deg
4.33 0

-15
IOLLiBusl =1.0-10

pu
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IABC LL Busi A = IABC LL Busi*IBH

-12.47 kV Bus (Bus2):
Vs

Z +7Z
12,2 22,2

LiLL Bus2 =

IoLL Bus2

IABC LL Bus2 = Ao12:| liILL Bus2

N
7

IABC LL Busl A| =

0

1811.59 |A

1811.59

e Bus2 == —liLL Bus2

IOLLiBuSZ = 1.0-10_

DL Bus2
IaBC LL Bus2| = | 2.17 |-pu arg(IABciLLiBuSZ) = | 180 |-deg
2.17 0

IaABC LL Bus2 A = IaBC LL Bus2'IBL

N
7

IABC LL Bus2 A| =

0
10.0241
10.0241

kA

15

pu
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e Fault current as seen on HV side of transformer by B2 (or B1)

Ip v LL Bus2 = Opu

AV1LBus2 = Z1-

VILLBus2 =

AV2[1Bus2 = 22

0
0

—lILL Bus2

no zero sequence current for this fault type

+ AVILLBus2

AV1L[Bus2 =

SN
VI1LLBus2

N
AV2[1Bus2| =

—-0.11 - 0.061
—0.22 - 0.131
-0.5
-0.5
-0.5
-0.5

0.88
0.75
0.5
0.5
0.5
0.5

0.13
0.25
0.5
0.5
0.5
0.5

.pu

.pu

N
7

arg(V1LLBus2) =

N

arg( AV2L1Bus2) =

30

-deg

oS O o O

-30

oS O O O

-deg
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V21 LBus2 := AV2LLBus2

V1L Bus2 0 VlLLBusz1

I gv LL Bus2 = 7
L1

I gv LL Bus2| = 1.25-pu

V211 Bus2 0 V2LLBus21

I gv LL Bus2 = 7
L1

I v LL Bus2| = 1.25-pu

Ip gV LL Bus2
IABC HV LL Bus2 := Ao12:| I HV LL Bus2

I) Hv LL Bus2

1.25

AN

IaBC HV LL Bus2| =| 2.5 |pu
1.25

IABC HV LL Bus2 A = IABC HV LL Bus2'IBH

arg(IliHviLLiBuSZ) = —60-deg

arg(lzfﬂvaLfBusz) = 60-deg

0

arg(IABciHviLLiBusz) = | 180 |-deg
0

522.96

IABC HV LL Bus2 A| = | 1045.92 |-A
522.96
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- At end of first feeder section (just before recloser R1)

V¢ —-15
LiL Bus3 = —0————— Irr Bus3 = —liLL Bus3 IoLL Bus3 :== 1.0-10 "“pu
213 3722, 4

IoLL Bus3

IABC LL Bus3 := Ao12:| lILL Bus3

IbLL Bus3
N 0 N 0
IaBC LL Bus3| =| 1.73 |-pu arg(IABciLLiBus3) = | 180 |-deg
1.73 0
. 0
IABC LL Bus3 A = IABC LL Bus3'IBL IABC LL Bus3 A| = | 8019.25 |-A
8019.25

e Fault current as seen on HV side of transformer by B2 (or B1)

Io uv LL Bus3 := Opu no zero sequence current for this fault type
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0

0

0

AVI1yLBus3 = Z1-
—lILL Bus3

0

0
1.e]~30deg
1'ej-30deg

VILLBus3 =

0

0

0

AV21 1 Bus3 = 2y

—DLL Bus3
0

0

V21 LBus3 := AV2L[Bus3

+ AVI1LBus3

AV1L[Bus3 =

N
AV2[1Bus3

VI1LLBus3

0.1
0.2
0.4
0.5
0.5
0.5

—-0.09 - 0.051
—0.17 - 0.11
-0.4
-0.5
-0.5
-0.5

0.9
0.8
0.6
0.5
0.5

0.5

.pu

arg(V1LLBus3

‘pu arg(AV2LLBus3) =

-deg

-deg
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V1LLBus3 0" VlLLBus31

I gv LL Bus3 = 7
L1

I gv LL Bus3| = 1-py arg(llvafLLfBus3) = —60-deg

V2LLBus3O - V2LLBus31

I gv LL Bus3 = 7
L1

I Hv 1L Bus3| = 1-pu arg(szﬂvaLfgug) = 60-deg

Ip gV LL Bus3
IABC HV LL Bus3 := Ao12:| I HV LL Bus3

I> Hv LL Bus3

s (! (0
IABC HV LL Bus3| =| 2 |-pd arg(IABC HV LL Bus3) = | 180 |-deg
1 0
IABC HV LL Bus3 A = IABC HV LL Bus3'IBH 418.37
IABC HV LL Bus3 A| = | 836.74 |-A

418.37
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- At end of second feeder section (just before recloser R2)
Vi

LLL Bus4 =
Zy
4,4

+7Z5

4,4

IoLL Bus4

IABC LL Bus4 = Ao12:| lILL Bus4

DL Bus4 == —liLL Bus4

IoLL Bus4 i= 1.0-10°

IhLL Bus4
N 0 N 0
IABCfLLiBus4, =| 1.44 |-pu arg(IABciLLiBus4j = | 180 |-deg
1.44 0
. 0
IABC LL Bus4 A = IABC LL Bus4'IBL |I ABC LL Busé_ A’ 668271 |-A
6682.71
e Fault current as seen on HV side of transformer by B2 (or B1)
Ip HV LL Bus4 == Opu no zero sequence current for this fault type
0 —0.07 — 0.04i
0 —0.14 - 0.08i
0 —-0.33
AVI1yLLBus4 = Z1- 0 AVIyLBus4 = o4 ‘pu
—lILL Bus4 -0.5
0 —-0.5
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1. ej~30deg
1. ej-30deg
__ 1
VILLBus4 =
1
1
1
0
0
0
AV2y | Bus4 = Zo- 0
—DLL Bus4
0

+AVIpiBusa  |VILLBus4

N
AV2[1Bus4| =

V21 LBus4 := AV2L [ Bus4

V1L Bus4 0" VlLLBus41

Ii gV LL Bus4 =

71

0.08
0.17
0.33
0.42
0.5
0.5

0.92
0.83
0.67
0.58
0.5
0.5

.pu

arg(V1 LLBus4j =

N

arg(AV2 LLBus4) -~

Ii gV LL Bus4

= 0.8333-py

arg(IliHviLLiBus4) = —60-deg

-30

oS O o O

-deg

-deg
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V211 Bus4 0" V2LLBus41

I gv LL Bus4 = 7
L1

I v LL Bus4| = 0.8333-pu arg(IziHviLLiBus4) = 60-deg

Ip Hv LL Bus4
IABC HV LL Bus4 ‘= Ao12:| I HV LL Bus4

I> Hv LL Bus4

(083 ~ 70
IABC_HV_LL Bus4| = | 1.67 |-pu arg(IABC HV LL Bus4) = | 180 |-deg
0.83 0
IABC HV LL Bus4 A = IABC HV LL Bus4'IBH 348.64
IABC HV LL Bus4 A| = | 697.28 |-A
348.64
- At end of third feeder section (end of feeder)
_vr ~15
IlLLiBU.SS = IZLLiBU.SS = _IlLLiBUSS IOLLiBU.SS = 1'010 pu

Z +7Z
Is 577255
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IoLL Buss

IABC LL Bus5 := Ao12:| lILL Buss

IDLL Buss
N 0 N 0
IABC LL Buss| = | 1.24 |-pu arg(IABciLLiBuSS) = | 180 |-deg
1.24 0
. 0
| =1 -1 1
ABC LL Bus5 A ABC_LL Bus5'1BL |I ABC LL Buss A| = 5728.03 | Al
5728.03
e Fault current as seen on HV side of transformer by B2 (or B1)
Ip HvV LL Buss == Opu no zero sequence current for this fault type
0 —0.06 — 0.04i
0 -0.12 - 0.071
0 -0.29
AVI1LLBuss == Z1- 0 AVI1LLBuss = 036 ‘pu
0 —-0.43
—lILL Buss -0.5
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1.ej~30deg 0.93 30
1.¢l30dee 0.86 30
1 7 0.71 > 0
VILLBus5 = +AVIpBuss  |VILLBuss| = arg(Vl LLBuss) = -deg
1 0.64 0
1 0.57 0
1 0.5 0
0 0.07 -30
0 0.14 -30
0 ——— 029 > 0
AV2 1 Buss = Zy AV211Buss| = ‘pu arg(AV2LLBu55) = -deg
0 0.36 0
0 0.43 0
—IoLL Buss 0.5 0

V21 LBus5 := AV2L[Buss

V1LLBuss 0" VlLLBuss1

I gV LL Buss = 7
L1

Ii Hv LL Buss| = 0.7143-pu arg(ILvaLLfguss) = —60-deg
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V2L 1Buss 0" V2LLBus51

I gv LL Buss =

71

I gV LL Buss

= 0.7143-py

arg(lzfﬂvaLfBuss) = 60-deg

Io gV LL Buss

IABC HV LL Bus5 := Ao12:| I1 HV LL Buss

I> HV LL Buss

AN

IABC HV LL Buss| =

0.71

1.43 |-pu

0.71

IABC HV LL Buss A ‘= IABC HV LL Buss'IBH

. 0
arg(IABciHviLLiBuSS) = | —180 |-deg
0
298.84
IABC HV LL Buss A| = | 597.67 |-A

298.84
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Mid-line Fault Between B3 and R1

e First form Ybus and then Zbus for each sequence. First the positive sequence

Yl (m) =

-1
—_— 0
711
1 1 _l_ej-30deg
+
211 711 771
—l-e_J 30deg 1 1
+
711 711 M Zfeederl
0
0 0
0 0
-1
0

m-Zfeederl

1 1

J’_
(1 =m)-Zfeeder1  Zfeederl
-1

Zfeederl

-1
(1 —m)-Zfeederl

0 0 0
0 0 0
-1
0 0 _
M- Zfeederl
-1 -1
0
Zfeederl (1 = m)-Zfeeder1
1 1 -1
+ 0
Zfeederl Zfeederl Zfeederl
-1 1
0
Zfeederl Zfeederl
1 1
0 0

+
M- Zfeeder1 (1 — M) Zfeederl




ECE 525:

Power Systems Protection and Relaying

Session 16; Page 36/42
Fall 2018

Y1(0.7) =

—201 101 0 0
101 —-151 -2.5+4.331 0
0 25+4331 -19.291 0
0 0 0 -43.331
0 0 0 101
0 0 0 0
0 0 14.291 33.331

Zi(m) == Y (m)" '

Z1(0.7) =

0.11
0.11
0.05 + 0.091
0.05 + 0.091
0.05 + 0.091
0.05 + 0.091
0.05 + 0.091

0.11
0.21
0.1+0.171
0.1+0.171
0.1+0.171
0.1+0.171
0.1+0.171

—0.05+0.091 —-0.05+0.091 —0.05+ 0.091 —0.05 + 0.091 —0.05 + 0.091

-0.1+0.171
0.41
0.41
0.41
0.41
0.41

0 0
0 0
0 0
101 O
-201 101
101 —-101
0 0

-0.1+0.171
0.41
0.51
0.51
0.51
0.471

0
0
14.29i
33.33i |-pu
0
0
—47.62i

-0.1+0.171
0.41
0.51
0.61
0.61

0.471

-0.1+0.171
0.41
0.51
0.61
0.71

0.471

-0.1+0.171
0.41
0.471
0.471
0.471
0.471
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e Now the negative sequence (note that the phase shift in the Y-A transformer reverses)

- Assume ANSI phase shift (so HV leads LV by 30 degrees)

- Neglect load
1 1 -1
— — = 0
Zs1 71y Z1
1 1 _l_e—j-30deg
+
71 71 711
_l_e]-30deg 1
0 +
Z11 Z11  mM-Zfeederl
Y2 (m) = 0 0
0 0 0
0 0 0
-1
0 0 _
L m-Zfeederl

1 1

(1 =m)-Zfeeder1  Zfeederl

-1

Zfeederl

0

-1
(1 —m)-Zfeeder

0 0 0
0 0 0
-1
0 0 _
M- Zfeederl
-1 -1
0
Zfeederl (1 —m)-Zteeder
1 1 -1
+ 0
Zfeederl Zfeederl Zfeederl
-1 1
0
Zfeederl Zfeederl
1 1
0 0

+
m-Zfeeder1 (1 — M) Zfeederi
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Zy(m) = Yo(m) !

e Now the zero sequence (no transformer phase shift, but now open circuit)

1 1 -1
0 0 0 0 0
Zso Zio Zro
-1 1
—_— e 0 0 0 0 0
Zyy Zyy

1 1 -1

0 0 + 0 0 0 _

Z10  MZfeederd M- Zfeeder0
1 1 -1 -1

Yo(m) := 0 0 0 + 0
(1 =m)-Zfeederd  Zfeeder0 Zfeeder0 (1 = m)-Zfeedero
-1 1 1 -1
0 0 0 + 0
ZfeederO ZfeederO ZfeederO ZfeederO
-1 1
0 0 0 0 0
ZfeederO ZfeederO
-1 -1 1 1
0 0 _ 0 0 +
L m-Zfeeder0 (1 = m)-Zfeedero M Zfeedero (1 — M) Zfeedero 1

Zo(m) = Yo(m) '
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e Three phase faults at 70% of the feeder

V=1

- 138 kV Bus (Busl):

Vi

I3ph Busm(m) = W I3ph Busm(0.7)| = 2.13-pu arg(I3ph7BusM(O'7)) = —90-deg
1

6,6

I3ph7BusM7Amps = I3ph7BusM(0-7)'IBL IZ%phiBusMiAmps = 9.85-kA

e Asseen from the HV side of the transformer (B1 or B2)

—0.18 - 0.111
-0.37-0.211
-0.85

AVI1(m) := Z1(m)- AVI1(0.7) = -1 ‘pu

o O o o o O

—I3ph Busm(m) -1
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1.ej-30deg
1.€J-3Odeg

1
Vi(m) = 1 + AV1(m)

1

V1(m)o - V1(m);
71,

IsMm_pv(m) =

IsM_HV A(m) := Ipm pv(m)-Ipy

0.68 + 0.39i 0.79
0.5+ 0.29i 0.57
0.15 0.15
—
V1(0.7) = 0 |V1 (0'7)| = 0 arg(V1(0.7)0) = 30-deg
0 0
. . arg(V1(0.7)]) = 30-deg
0 0 arg(V1(0.7)2) = 0-deg
Igm nv(0.7)] = 21277pd  farg(Ipm nv(0.7)) = —60-degd

Ism 1V A(0.7)

= 890.15-A

o We will see something similar for each of the three phase faults, with a +30 shift in the ciirrent

Similar procedure for the SLG, LL and DLG faults
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Load current calculations

e Positive sequence current for each load:
Pload
V/3-VeL

- Worst case zero seqeunce current: assume a worst case of a 20% imbalance

Pload := 3.3MW lioad = lipad = 152.79 A unity power factor

I 10ad max = 0.20-Ij0ad I 10ad max = 30.56 A Note this is 310

e This is also the load current seen by recloser R2

Ioad R2 1 = licad
I oad R2 Omax = 10 load max
e Load atrecloser R1
lioad R1 1 = 2-1j0ad lioad R1 1 = 305.57A

I oad R1 Omax = 210 load max I oad R1 Omax = 61.11 A

e Load current at 12.47kV breaker (B3)

Toad B3 1= 3load  lioad B3 1 = 458.36A \3-12.47kV-458.36A = 9.9x 10°W

ILoad B3 Omax = 310 load max ILoad B3 Omax = 91.67A

e Load current on 138kV system (B1 and B2): two approaches:
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A. Assume that the only feeder supplied by the transformer is the one we're modeling:

VBL
Iload_BZ_a = Iload_B3_1' E— Iload_BZ_a =41.42A
VBH

B. Assume that there are other feeders too and the transformer is loaded to 80% of its MVA rating (so 40 MVA):

SOMVAJ

lioad B2 b = 167.35A
V3-Van -

lioad B2 b = 0-8-[

Note: There won't be any zero sequence imbalance current on the HV side due to transformer connection.




