ECE 523:
Symmetrical Components

Session 17; Page 1/19
Fall 2023

Series Fault Examples

pu:=1 MVA = 1000kW
j-120d b
a:=1ée" °8 )
A()12 =1 a a
I a a2

Single Phase Open Examples

Example 1:

e System one-line diagram:

Machine 1 @ T |@

@ @ Machine 2

T2
3

<
&
rmy iy

Machines 1 and2:  Spfach := 100MVA

XdMach" = 20%
XoMach = 4%
Transformers T1 and T2:

Transmission Line

SBase == 100MVA

Stran = 1000MVA

XLI = 15%

|
K

.||—-|<

Yy

Vmachine := 20kV

XiMach = XdMach" XoMach = X1Mach
XnMach = 5%
Vyv = 345kV Vv = 20kV

X122 = X1 X10 = 50%

XT = 8%
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Vv
VBLine = 345kV VBfmach = VBLine'[V—J VBfmach = 20-kV
HV

No change of base calculations are needed for this system.

Determine internal source voltages:

magS,e := SOMVA plpre := 0.85 lagging Opre = acos(pfpre) Opre = 31.79-deg

magSpre i*Opre
—.e

Spre = (0.68 +0.42()pu  [Spre| = 0.8-pu
SBase

pre ‘=

Assume bus 3 voltage is 1.0 pu at and angle of 0 degrees.
V3 :=1.0

S
. pre
Tioad = (V3 J ljoad = 0.68 — 0.42i |Tioad| = 0.8-pu arg(Ijoad) = —31.79-deg
Internal voltage on the motor (since we don't know steady-state synchronous reactance, use X1):
Ey :=Vj3 - Iload'j(XT + XlMach) |E2| =09 by = arg(Ez) ¢y = —12.18-deg

Generator internal voltage:
E; =V3+ Iload'(j'XLl +j-XT +j'XlMach) |E1| = 1.22-pu b = arg(El) ®1 = 13.9-deg
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Check result by calculating power transfer between sources and current:

[Eal - [Ea sin( 1 - ¢)
Pirans = 23X (ntach + 2-X71 + XL Pirans — Re(spre) =0
Ei -E»

3(2-X1Mach + 2-X1 + XL1)

lirans == Itrans — lload = 0

e Positive sequence equivalent circuit (with phase open point indicated).

j0.08pu F' j0.15pu j0.20pu

Find total impedance counterclockwise around loop from F to F'
j0.20pu .
j0-20pu Zitotal = Jj*(X1Mach + XT + XL1 + XT + X1Mach)
Eo Zitotal = 0.71i-pu
Z1FF = Zitotal

Vequiv = E1 —E2

e Negative sequence equivalent circuit:

j0.08pu F F' j0.15pu j0.20pu . . .
. nm Y Find total impedance counterclockwise around loop from F to F'
j0.20pu ; Ztotal = J*(XaMach + XT + XL2 + XT + X2Mach)
j0.20pu
Zrtotal = 0.711-pu

Zorr = Lototal
No
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e Zerosequence equivalent:
j0.08pu

j0.04pu

3*j0.05pu

j0.50pu j0.20pu

j0.04pu

3*j0.05pu

No

Now solve for the single phase open circuit currents and voltages:

Fo| Fo
NO

F1| Fr
N1

F2| F2

N2

Vequiv
Il =

Z1Fp + : + : B
1FF'
Zorp ZoFF
Zorp'
L=-I| ——
ZoFF + ZoFR

Zoyp
Ip:=-1:| ———
ZoFF + ZoFR

Find total impedance counterclockwise around loop from F to F'

Zototal = j'(z'XOMach +2- X7+ Xpo+ 2'?"XnMach)

ZOtotal = 1.041 pu

Zorr = ZLototal

I; = (0.43 — 0.26i)-pu

|Il| = 0.5-pu arg(Il) = —31.79-deg

I, = (=0.25 + 0.16i)-pu
1| = 0.3-pu arg(ly) = 148.21-deg
Ip = (=0.17 + 0.11i)-pu

|To| = 0.2-pu arg(lp) = 148.21-deg
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Io 0
—>
Libe :== Ag12:| 1 |Iabc| =10.76 |-pu arg(labcl) = —145.57-deg
I 0.76

arg(labcz) = 82-deg

Using the right have the sequence equivalent circuits:

V3new! = E2 + Il'j'(XlMach"' XT) |V3newl| = 0.96-pu arg(V3new1) = —4.25-deg
Vinew2 = 0+ I-j(XoMach + X1) |Vanewa| = 0.08:pu arg(Vinewz) = ~121.79-deg
Vinewo =0+ IO'J"(XOMaCh + X1+ 3'XnMach) |V3IICW0| = 0.05-pu arg(V3newo) = ~121.79-deg
Vinewo 0.903 -12.06
e >
V3newABC = A012°| V3newl |Vinewanc| =| 0.971 |-pu arg(Vsnewanc) = | —119.95 |-deg
Vinew? 1.014 118.58
1 0.22 5821
— g 2| _ 2
AVABC =1.0 a V3newABC |AVABC| =10.03 arg(AVABC) =|-121.79 -deg
a Wl ~121.79




ECE 523: Session 17; Page 6/19
Symmetrical Components Fall 2023

ATP simulation results:

One phase open Cnly getting voltage measurement

™
. LI N 53 e
e LELC]
AT
Fiaad i
Currents Voltages

1.2
0.8
" I, := 0.757 1.0- A
%1 I, .= 0.757 08
054 Van := 0.903
0.4 0.6+ Vin = 0.971
0.3

0.4 Ve = 1.014
0.2
0.1 0.2
OC T T T T ~ T T T T

0 10 20 30 40 103 50 0.0 T r T T T T T T

(file PROB3A.pl4; x-vart) t: IARMSO t: IBRMS t: ICRMSA 0 10 2'0 30 40 *10-3 50

(file PROB3A.pl4; x-vart) t: V3ARMSO t: v3BRMS t: VBCRMSA
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PSCAD/EMTDC implementation

BRKA —
|EI_IE_1 |El_|5_2ﬂZ & x“ |E|_lc 3 ||3|_lC 4
#1g$#2 & I & & Il & & BRKB i & LI & & LI & & I #1g$#2
= iy § e Sy e ] i Lo b b Lo e b Y
T | Sz ® S ]
-]
— o
e = S .
= $ - 1 IC (] I.J — il
H Inductors entered in Timed g s o
= H, not ohmes. Breaker e = i g ¢
dem | Logic G vaE i
L =1 BRKA IA b7y ) Gk ey MR 1Ty i)
8 Y \ V3A
L L= Open@ti .__?T_C ._.Tiu_E ._JTll |:_E,JT_ L
Timed ﬁ = Q—)l‘ﬂ_ i
Brlfaak.er I bi:] V3B V3B [Voltage entered as
fi@ | Logic
) BRKB Closed@to !RMS LL equivalent
|Voltage entered as RMS - |
|LL equivalent — (SR 7= T O =
iin per unit relative to LG E-Ir—:-:-rgﬁer
‘T(— Logic
BRKC |cosed@to
BRKA —
-ty - .9 I
BRKE —
— : O — ——
m m m o
5 | \)\ i f | o
o - - Ic i'u’n:uh_—clge enterad as @
@ |Inductors entered in | Timed \RMS LL equivalent o
A5 H, not ohms. Breaker [ a P
<. BRKA |, ogr i) 1 ot R R e =
™ pen@to VIC V3B V3A - S— Ll 7
9 % Hae B V3A T &
} = :
o Tirmed T
S Brfak_er IWTE o s s
1° Voltage entered as RMS BRKB Closed@to V3B V3B -
= LL equivalent be
in per unit relative to LG %%
| Timed : o DPIIS. |
Erfak_er V3C Vs
fec | Logic
o Closed@t0
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= Main : RMS line currents =]
= MaglA = MagIB = MaglC =

0.80 -

0.70 fr

0.60

0.50 i
rlf,irr"

0.40

0.30 C

' Pl
0.20

jj'
0.10
=

(A)

0.00
-0.10
seC .00 0.02 0.04 0.06 0.08 0.10 0.12 0.14

1| [r]

[ Main : RMS Bus 3 Voltages =]
= MagV3A = MagV/3B = MagV3B [

1.2 S

1.0 ~

0.8 -

0.6 1

(A)

0.4 1

0.2 1

0.0

0.2 -
seC .00 0.02 0.04 0.06 0.08 0.10 0.12 0.14

1| [r]
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EMTP-RV Implementation

IN_T1_RMS,

-2
+.’UU\ +

SWi1 i RL2Z—— —}ic¥§

Z;T1 ' Line

1 pole open
>ic g

Vbus3

IN_T2_RMS
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Currents

[EMTT] s

o1
o 0004 0.008 001z 00is 0024 0028 003z
Time ()
mpl=T_RVm - Tus Oct 17 09:58:47 PDT 2022 - C:ib] leour EE\EES22 fall 22 Lectures L 1T EMTP-RViexample1_RV_p]

Voltages

003z

0028

00za

000z 0012 0018
Tims @)

[EMT1] example1_RVm - Tue Oct 17 02:58:47 PDT 2023 - C:\bj\cou EE\EES221all23\LecturesiL 1 FEMTP-RViexample1_RV_pj
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Now solve the two phase open circuit below for the sequence currents:

F1 F1'
V .
“ I = a I, = (0.2-0.12i)-pu
Z1Fp + ZoFF + ZoFF
|Il| = 0.23-pu arg(ll) = —31.79-deg
F2 F2' L :=1 Ip:=14
N2
Iy 0.69 -31.79
> e
Libc == Ag12:| It |Iabc| =| 0 |[pu arg(labc) =| 81.87 |-deg
FO Fo I, 0 81.87
= Vinewt = B2 + 11§ (XiMach + X1) V3newl = (0.92 - 0.141)-pu
Vinew2 == 0+ IZ'j'(XZMaCh + XT) Vinew2 = (0.03 + 0.051)-pu
Vinewo == 0+ IO'J"(XOMaCh + X1+ 3'XnMach) V3inewo = (0.03 + 0.051)-pu
V3newo 0.983 -1.6
— >
V3newABC = A012°| V3newl |V3newABC| =10.905 |-pu arg(V3newABC) =| ~132.16 |-deg
Vinew 0.901 107.93
1 0.03 58.21
R - >
AV apc = 1.0 a2 — V3newABC |AVABC| =10.22 |-pu arg(AVABC) =|-61.27 |-de
a 0.22 177.7
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ATP Simulation Results:

0.7 1.0

06- I, := 0.692 0.8: .
0.5 1 Van = 0.983
0.4 0.64 Vin = 0.904
] Ven :=0.900
0.3 044
0.2 i
0.2
0.1 |
0.0 : . T . 7% : ; ; ; 0.0 T ; ' N N ; N N N
(e DROB3A.pld; xvar ) L IARMSO ¢ IBRMSE] © IGRMSA 0 00 80 o oA g xovar ) VSARNEO ¢ V3BT @ VACRMSA “© o s
Main : RMS Phase Currents =
PSCAD/EMTDC Simulation Results: T et = MagIB = MagIC d=
0.70 4
0.60 -
0.50 4
B I, == 0.692
= 0.30 +
0.20
0.10 4
0.00
0.10 - =

seC 0.00  0.02 0.04 006 008 0.0 012 0.14  0.16
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EMTP-RYV Simulation Results:

= MagV3A

(A)

Main : RMS Voltages Bus 3
= MagV3B = MagWV3B

Van = 0.983
Vi = 0.904
Ve = 0.900

0.04

0.06 0.08 0.10 0.12 0.14

‘ Vo = 0983
7T Vi = 0904
Ven:=0.900
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Example 2 For the system shown below, develop the sequence connection diagram for a single-phase open on Line 1.

VS =1pu @ 0 degrees

@7

Z1S = 0.1pu @ 90 degrees
Z0S = 0.3pu @ 90 degrees

Z1s :=]-0.1pu Z1Rr = j-0.05pu
Z111:=j-03 Z112 :=j-04

Z1L1 = 0.3pu @ 90 degrees
Z0L1 =1.2pu @ 90 degrees

LINE 1

LINE 2

VR = 1pu @ 0 degrees

—Q

Z1R = 0.05pu @ 90 degrees

/

F

Z1L2 = 0.4pu @ 90 degrees
Z0L2 =1.5pu @ 90 degrees

ZOLl = _] 1.2

ZOS = j-0.3pu

Z0R = 0.2pu @ 90 degrees

Z()R = j-0.2pu

ZOL2 = _] 1.5
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N . ZIL1+ 1 . 1 _1+ZIL1
lequiv = —Q
2 Zis+Zir  Zi2 2
+ .
Zlequiv = 0.411'pu
N
Zoequiv ‘= Liequiv
N
J1.5 V4 Zor1 + ! + ! -
0 : Oequiv = 40L1
U Zos+Zor  ZoL2

ZOequiV = 1.58i'pu
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Using the sequence diagrams above calculate the positive-, negative-, and zero-sequence currents on Line 2 with VR = 1pu @ 20 degrees.

Vg = lpu-ej'odeg

Total prefault current:

VR = lpu-e'j'zocleg

Vs—Vr

Isourceprefault =

1
le+ZlR+(—+—

ZiL1

I _prefault == Isourceprefault'

I _prefault == Isourceprefault'

IABCL1 prefault = IL1 prefault’

IABCL2 prefault = IL2 prefault’

Z112

Zi1+ 2112

Z111

Zin+ 2112

i

Current dividers to find the current in lines 1 and 2:

Isourceprefault| = 1.08-pu

|IL1Jrefault| = 0.62-pu

|IL2 J)refault| = 0.46-pu

AN

7

IaBCLI _prefault|] =

AN

7

IaBCL2 _prefault|] =

0.62
0.62
0.62

0.46
0.46
0.46

.pu

.pu

arg(Isourceprefault) = —170-deg

arg(ILl J)refault) = —170-deg

arg(ILZ J)refault) = —170-deg

-170

arg ( IaBCLI J)refault) =| 70 |-deg
-50

-170

arg ( IaBCL2 J)refault) =| 70 |-deg
-50
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Phase A open analysis:

Fo| Fo
NO

F1| Fr
N1

F2| F2
N2

Equivalent voltage source for phase A open analysis:

Ve := Vs = VR Ve = (0.06 — 0.341)-pu
. Vse
Norton Equivalent Current: [o = —
ZiIR+Z13

Equivalent Parallel Impedance:

Leg = ! + ! -
Nz Zis+Zir

Convert back to Thevenin Equivalent Voltage

Vi = ZegLse |Vi| =025pu  arg(Vy)
Positive sequence current in line 1:
Vg
LiL1 open = T |IlL170pen|
1
Zlequiv + +
Z2equiv ZOequiV

Negative sequence current in line 1 (current divider on the line 1 current)

211 open = —1iL1 open’

ZOequiv

Zequiv + Zoequiv

|IZL170pen| = 0.27-pu

Iee = (=2.28 — 0.4i)-pu

Zeq = 0.11i-pu

= —80-deg

= 0.34-pu

a-rg(llLliopen) = —170-deg

arg(IZLliopen) = 10-deg
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Zero sequence current in line 1 (current divider on the line 1 current)

I 1 ZZequiv
0Lt open 1= L1 aper 7= oLt open] = 007pu  arg(lors apen) = 10-deg
IOLliopen 0
I inel = Ag12-| 1iL1
ABC_Linel += #2012 =open IABC Line1| =1 0.545 |-p arg(IABc Linel ) = 88.74-deg
L1 open 0.545 — 1

arg(IABCiLinel 2) = —68.74-deg

Note that the magnitude on phase A is 0 and a little smaller on the unfaulted phases. There is
also a phase shift compared to prefault

Now to fine the line 2 current, we need to do another current divider on each of the sequence currents from line 1, since the sequnce
currents could either pass through the sources or line to to return to line 1.

Positive sequence load Vs— VR
d ILineA2 = |ILineA2| = 0.631

current in line two ignoring Z1s+Z112+Z1R
open line arg(ILineAz) = —170-deg
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LiL2 == -1iL1 open:

Iro == —lor1 open:

IoL2 :== —IoL1 open’

IABC Line2 = Ao12:

See course web page for ATP, PSCAD/EM TDC, and EMTP-RV examples

Zis+Z1r

Zis+Zir+ 72112

Zis+Z1r

Zis+Zir+ 72112

Zos + Zor

Zos + Zor + Zo12

Ior2
Iz

15 %)

|

+ ILineA2 Iipo| = 0.54p  |arg(Tjr2) = —170-deg
ol = 0.07-p14 arg(IZLZ) = —170-deg
Ioro| = 0.02-p14 arg(IOLZ) = —170-deg
0.63 . -170
IABC Line2| =1 0.494 |-p arg(IABCiLineZ) =| 64.29 |-de
0.494 —44.29




