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Unbalanced Fault Analysis Examples

pu:=1 MVA = 1000kW
j-120d b
a:=1ée" °6 5
A()12 =1 a a
1 a a2

Compare the per unit phase currents seen on the HV side of the transformer below with those seen by at the fault location for three phase,
SLG and LL faults the left side feeder. Assume wye connected CT's.

MVAgc = 300MVA

13.8kV

Use transformer ratings as the per unit base.

Vi = 13.8kV Vi, := 2400V
50MVA

\ , (=8% Xxfmr pu = 0.08pu
= MV Arated := S0OMVA S := 5S0MVA
2400V

MVA, := 300MVA

2
(1.0pu)
X = X = 0.17-pu
src_pu MVA,. sTC_pu p
Fault S
. B
Location
Ve = 1.0pu

Sequence Impedances for Faults:

X1 = Xsre_pu + Xxfmr pu X1 =0.25pu Xy = X4




ECE 523:
Symmetrical Components

Session 10; Page 2/12
Fall 2023

Xground = Opu

Xo = Xxfmr pu T 3'Xground

Sequence Networks:

Positive Sequence

Negatve Sequence

Zero sequence

Three phase fault:

If 3¢ =~

j0.17pu  130deg 50,08 pu

Xsre _pu Xxfmr _pu

Vare O

M e My

j0.17 -30 de j0.08
J pu 4__% ] pu

— YN\ "o WYy

Xsre . pu Xxfmr ' pu
j0.17pu j0.08 pu
— Y\

Xsre . pu IXxfmr " pu

If 3¢ = —4.051-pu

30.25 pu

v NY

j0.25 pu

j0.08 pu
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Per unit current magnitudes will be the same on the low side as they are on the high side. But

there will be a plus 30 degree shift.

1 4.05
It abesph = It 37| a” |1t abcspn| = | 4.05
a 4.05
1 4.05
j-30d
Iav_abesph = It 3¢ o a? | |[Tv_abespn| = | 4.03
a 4.05
Voltage at the fault point:
Varf = Vsrc_j'Xl'Iqu) Var = 0:pu
Line to Line fault:
Ip e == Opu R := Opu
Vsrc
L Lor =

X1+ Xy + Ry

I toe:=-I rif
Ip Lif
labe LLf = Ao12-| 11 LLf

I Lie

-90
e
a-rg(lfiabc3ph) = | 150 |-deg
30

-60

AN
7

60

arg(IHViach%ph) = | 180 |-deg

IliLLf = —2.03i-pu

—

0

|Iabc7LLf| =13.51 |-pu
3.51
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arg(labciLLfl) = 180-de%

arg(labchLf 2) = 0- de%

Now move the currents from the low side to the high side (note, you must transform
the sequence currents):

j-30d
L Loy = IliLLf-e] °8 Ip Ly = Opu
—j-30d
Loig=l pe V700
Io LLu .03
—__) )
Labe_rLh = Ao12-| I1_LLH |Tabe LLn| = 4.05 |-pu
I ten 2.03
0
-
a-rg(labciLLh) = | 180 |-deg
0

Phase B per unit current is larger on the high side of the transformer than on the low side.

Voltage at the fault point:
Vite = Vae—J- X111 e |V17LL| = 0.5-pu arg(VliLL) = 0-deg
VoL =0-)X I Lir |V27LL| = 0.5-pu arg(szLL) = 0-deg

VoL :=0-jXolp Lrr |V07LL| = 0-pu
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Vo LL 7
——
Vabe LL = Ag12| V1_LL Vabe 11| = | 0.5 |-py
Vo 1L 0.5
0
—
afg(VabchL) = | 180 |-deg
180
Voltage at the 13.8kV Bus

j-30deg .
Vi LLav = Vi@ 708 = - X pull LLH |V17LLHV| = 0.66-pu arg(VliLLHV) = 30-deg
Vo tiav = 0 Xge pul2 LLH |V27LLHV| = 0.34-pu arg(VziLLHV) = —30-deg
Vo Lay =0 Vo LLav| = 0-pu

Vo LLav 038

—_9 .
Vabe LLHV = Ag12| V1_LLHV |Vabe tLav| = 032 |-py
Vo LLav 0.88
. 10.61
arg(Vabe Limv) = | —90 |-deg
169.39
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Single Line to Ground fault:

I Vare I 1.74i
0 SLGf = ; : 0 sLgf = —1.741-pu
- 1 X1+ X2+ X +3-Re - P
I sigr = lo sLGf I sigr = lo sLGr
I
0 SLGf 523
I = Ag12-| I1_sLGr
abc SLGT - 012 _ |Iabc SLGf| 0 |pu
I sLGr 0
R
arg(Tape sLGr) = | 18.43 |-deg
18.43
Now move the currents from the low side to the high side:
i-30de
Ii sLgH = 117SLGf'eJ s Ip sLgH = Opu
—j-30de
I sigH = b sLgre . £
I
0 SLGH 302
| = Ao12:| Ii_sLGH
abe_SLGh = Ag12:| l1_ |IabcisL Gh| | o |pd

I sLgH

3.02
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Currents are lower on the high side arg(labcstGh) =| 90 |-deg
and appear as a L-L fault not SLG 90
Voltage at the fault point:

Vi1 sLG = Vsre —J- X111 _sLar |V178LG| = 0.57-pu arg(VLSLG) = 0-deg

Vo siG = 0-jX2 I sir |V278LG| = 0.43-pu arg(VzisL(;) = 180-deg
Vo sLG = 0-j-Xolo_sLgr Vo sig| = 0.14-pu  arg(Vo srg) = 180-deg
Vo sLG 0
S
Vabe SLG = Ag12:| V1_SLG |Vabe sLg| =1 0.89 |-pu
V2 sLG 0.89

arg(VabcstGl) = —103.59-deg

arg(VabcstGz) = 103.59-deg

Voltage on 13.kV bus

i-30deg .
V1 SLGHV = (Vsrc'eJ 8~ Xre J)u'llisLGH) |V178LGHV| = 0.71-pu arg(VlisLGHV) = 30-deg
V2 sLgav = (0 = J Xsre J)u'127SLGH) |V27SLGHV| = 0.29-pu arg(VLSLGHV) = 150-deg

Vo sLGHv = 0= Xsre pulo SLGH |V07$LGHV| = 0-pu




ECE 523:
Symmetrical Components

Session 10; Page 8/12
Fall 2023

Vo sLgav 0.2
% :
Vabe SLGHV = Ao12'| VISLGHV | ||y o oo 1|
V2 sLgav 0.62
. 54.06
arg(Vabe sLgav) = | —90 |-deg
125.94
e Example with two sources:
BUS S BUS 1 BUS R
I LINE 1 L51 LINE 2

W{ | Z,11=0.1pu /85° I Z| 99 = 0.08 pu

345 KV 21 212111 21 2272 21

100MV 2110 = 3"Z111 Z 20 = 32| 21

Vg = 1.0pu @ 0 deg

Per unit line impedances
calculated with SB=100MVA

Zg1=j0.03 pu and VB=345kV LL

Zgp=2g1

Zgo =3"Zg1

Zg1 = J-0.03pu Ziy1 = 0.1pue 0
Zsp = Zg)

Zr11 = 0.01 +0.11

I
LlQ

345kV | =
100MVA

VR = 1.0pu at 0 deg
ZR1 =j0.06 pu
ZR2=ZR1

Zro = 3*Z.Rr1

Z1 21 == 0.08pu-¢ 298

Z1>1 = 0.01 +0.08i
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Zs0 = 3Zs) Zr1o =711 Zi = Zyo1

Zg; :=]-0.06pu Zrio = 37111 Z1po =3-Zry

Zra = Zp; Zi1o = 0.03 +0.3i Zip0 = 0.02 +0.24i
ZRo = 3ZRy

e For faults on Line 2:

1
Z (n) ! + !
L2 1 thevlll) =
- Zs1+Zri1+nZipy (1 -n)Zioy +Zgg

I 1 1 T!
+
| Zsy+Zrip+nZryy (1-m)-Zpo+Zgy |

Z12 2 thev(n) =

I 1 1 T!
+
| Zso+Zrio+n-Zr2o (1 -n)-Zpao + ZRo |

Z12 0 thev(n) =

e 3 phase faults: V=1
Vs
Ip(m) == ————
Z13 1 thev(m)
Iy (m)-| (1 —m)-Zp; + Zry
Liefg 1(m) = [ ]

Zsi+Zei +mZeyy +[ (1 - m)-Zpyy + Zgy |
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VR1 1(m) == Vi —Iieq 1(m)-(Zs) +ZL11)

|Lieft 1(0.5)] = 5.89-pu [Vri_1(0.5) = 024-pu
arg(Iier, 1(0.5)) = —85.88-deg arg(Vry 1(0.5)) = —0.88-deg
o SLG faults:
Iip(m) M
fo(m) = — —
Z12 1 thev(M) +Z12 2 thev(M) +Z12 0 thev(mM) It (m) := Igo(m) I (m) := Igy(m)
Ln 1 (m) Iy (m)-[ (1 —m)-Zp2) + Zg |
left 1 =
o Zsi+Ziiy +m-Zigy +[ (1 - m)-Zpoy + Zgy |
L 2(m) Ipp(m)-[ (1 = m)-Zp 22 + Zgs |
left 2 =
o Zsy+ ZLip+m-Zigy +[ (1 - m)-Zio + Zra |
Ip(m)-| (1 —m)-Zpz0 + Zgo
Lieft o(m) = [ ]

Zso + Zp10+ m-Zog +[ (1 —m)-Zp o0 + Zgo |
VR1 1(m) == Vi —Iieq 1(m)-(Zs) +ZL11)
VR1 2(m) = 0 —Tie 2(m):(Zs2 + Z12)

VR1 o(m) = 0 —Tie_o(m):(Zso + ZL10)
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VRi_o(m) 0.24 0.8
Vasc ri(m) = Agiz:| VRi_1(m) [Vagc ri(0.5)] = | 1.18 |-pu arg(Vagc ri(0.5)) = | ~132.89 |-deg
VR1 2(m) 1.18 132.99
Lieft o(m) . (353 . (8588
Iac R1(m) = Ag12| Teft_1(m) TaBc r1(0.5)| =| 0 |-pu arg(Tagc r1(0.5)) = | 49.05 |-deg
0 49.05

Lief 2(m)

DLG faults:
Vi

If1 (m) :=

1 1 -1
Z13 | thev(m) + +
- Z12 2 thev(m)  Z12 0 thev(M)

Z12 0 thev(m)
L2 2 thev(M) + ZL2 0 thev(M)

Ipp(m) = —If (m)'[

Z12 2 thev(m)
L2 2 thev(M) +Z12 0 thev(m)

Ip(m) = —If (m)£

Iy (m)-[ (1 - m)-Zp2) + Zg| |
Zs1 +Zr11 + mZio1 +| (1 - m)-Zpog + Zgy |

Liefg 1(m) =




ECE 523: Session 10; Page 12/12
Symmetrical Components Fall 2023

Ipp(m)-[ (1 = m)-Zp 22 + Zgs |
Zsy + Zriz + mZigy +| (1 - m)-Zroy + Zgo |

Lieft 2(m) :

Irg(m)-[ (1 = m)-Z120 + Zgo]
Zso + Zp10+ m-Zog +[ (1 —m)-Zp o0 + Zgo |

Lieft o(m) :

VR1 1(m) == Vi —Iieq_1(m)-(Zs) +ZL11)
VR1 2(m) = 0 —Tie 2(m):(Zsy + Z12)

VR1 o(m) = 0 —Tie_o(m):(Zso + ZL10)

VR1 o(m) 1.22 0.05
VaBc r1(m) := Agiz:| Vr1_1(m) |VABC7R1(0~5) =10.24 |-pu afg(VABC7R1(0-5)) = | —120.88 |-deg
VR1 2(m) 0.24 119.12
IleftﬁO (m) 0 93.58
IaBc Rr1(m) = Ag12-| lieft_1(m) TaBc R1(0.5)] =|5.25 |-pu arg(IABC7R1(0.5+10_15)) = | 170.22 |-deg
lieft 2(m) 5.25 18.02

e Addingthe 105 avoided a divide by 0
problem in angle calculation




