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Synchronous Machine Three Phase Fault Example
pu:=1 MVA = MW Vi = 13.8kV Srated := 20MVA
X"q == 0.145pu Xp = X"4 T"q := 0.035sec w = 2-1-60Hz
X'q := 0.240pu Xiran := 0.0pu T4 := Isec
X5 [ Vir?
X4 := 1.10pu Vierm := 1.0pu T, := 0.2sec I, = A2 | VLL L, = 3.66-mH
W\ Srated
5))
Since unloaded: E"; = Vierm E's = Vierm E. = Vierm Rq = T_a Rq =0.0202
Srated = 0.00192
IBase := Igase = 836.74 A o Alsolyeqg ViL
3-ViL
Srated
I a I'y = —6.9 |1 1 5770.62 A
n := - n = —6. i. u " . — .
a X"+ Xoran a p a| “1Base
I Fa
X% 1 e = 345641
I b Igs = —0.91] 1| 1 760.67 A
= = —0.91i-pu : = _
ss X4+ Xoan ss p ss| “1Base

"
E%

ldcoffsetmax =V 2 ———
corrsetmax \/— X"d—{—Xtran

Idcoffsetmax = 9.75-pu

Less than rated load current

Idcoffsetmax' IBase = 8160.89 A
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t:= Osec,1-10 4sec.. 2sec

ig5(t) = \/5 |ISS| -cos(w-t—90deg)

—t
T'q (

Ltransient(t) = € \/E |I'a| -cos(w-t— 90deg))

-t

"

Lsubtransient(t) = eT ‘ (\/E |I"a| -cos(w-t— 90deg))

e Full symmetrical response:
—t —t

1 1 1 T 1 1 T
ig(t) := \/E-E"a- +( j-e d +( j-e d -cos(w-t—90deg)

Xd + Xtran X'd + Xtran Xd + Xtran X"d + Xtran de + Xtran
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10 T T T T

if() 0 .

-10

e Compare the equation results with a simulation performed with an detailed generator model in a power systems transients program. First
the case with no dc offset.

ATPinput :=
Generaebr.ADF

SV

(o Iy atp = ATPinput !

tatp := ATPinput
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Ix1 04 T T T
, 5x10° | .
la_atp

if (t)- IBase

_ 5¢10°H ]
~1x10t ' . .
0 0.5 1 15
1x10* . .
5%10°

ia_atp

if (t)-IBase

- 5x10

~1x10t ' .
—t

. T,
ide(D) == Ijcoffsetmax€




ECE 523: Session 28; Page 6/12

Symmetrical Components Fall 2019
10 T T
8 —
. 6 N
igc(t)
4+ _
2 —
0 L !
1 1.5 2
t
-t -t
) 1 1 1 T 1 1 T
ip(t) = \/E-E"a- +| = - e d i - e d -cos(w-t— 180deg)
X4+ Xtran X'd+ Xtran ~ Xd + Xtran X"q+ Xiran  X'q + Xtran

iasym(t) =1 (1) + ige(t)

20 T T T

10 N
lasym (1)

e Now compare witha transient simulation case with a DC offset:
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ATPinput :=
GenDCAMfset. ADF
tagp2 = ATPinput< 0 Iy atp2 = ATPinput< 1>
2% 104 T T T
1.5x10% -
iaﬁath 1x 104 -
lasym(t)-IBase  5x 10° ]

0_
_ 5¢10° ' . .
0 0.5 1 15
tatp2_0.05 ,t
| |
1.5%10%

ia_ath

lasym(t)-IBase  5x 103

_ 5¢10° ' .
0 0.02 0.04

tatp2_0.05 Y t

Generator Example 2: Repeat magnitude calculations with generator operating at rated full load (pf = 0.8
lagging for this machine).
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®load := acos(0.8) ®load = 36.87-deg
Sioad = lpu-ej.d)load 5
R ( 1 j ViL
load "= | —2 |’ _
S1oad . o 0.8 ) Srated Rjoag = 11.9€2
lioad = lipad = (0.8 — 0.61)-pu |Iload| = l-pu
Vierm 2
1) ViL
. Xload = | — |
E"22 = Vierm + lload ]  X"q |E"a2| = 1.09-pu arg(E"az) = 6.09-deg 0.6 ) Srated
E"2 Xload
I"yp =—— " " = 42.1-mH
a2 X" + i Xeran |I a2| = 7.54-pu arg(I az) = —83.91-deg w m
Igase = 836.74 A
' o ' ' 0= arg(lload)
E'22 = Vierm + lioad:]- X'q |Ea2| = 1.16-pu arg(Eaz) = 9.53-deg
E'x 0 = -36.87-deg
r = 1 1
a2 §-X'q + j- Xigan |Ia2| = 4.83-pu arg(Iaz) = —80.47-deg
Eq 2 = Vierm + lioad'i-Xd |Ea 2| = 1.88-pu arg(E, 2) = 27.93-deg
Ea 2
I, =

2 X X 1, 2| = 1.71-pu arg(l, 2) = ~62.07-deg
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[E"a)
3 X"q+] 'Xtran|

Idcoffsetmax_Z = \/E | Idcoffsetmax_z = 1066pu

1037.6A

Base ~ 0.1163
{ V2| } ac0s(0.1163) = 83.32-deg

X"q + Xtran)

Now look at the impact of the loading on the decay exponential response:
-t

1

-t

e ore R s oo | B e

X"q + Xtran) (X'd + Xtran

The more accurate formula for the loaded generator case is:

—t

. e T'd
X'q+ Xtran) (Xd + Xtran)

-t

E% Eq T El Ea
ifL_z(t) ::\/5. |:( | 2| _ | 2| }'er+|:( | 2| B | 72|

X'q+ Xtran) (Xd + Xtran)

X"q + Xtran) (X'd + Xtran)

}'ﬁﬂ

1
" |:(Xd + Xtran)

[Ea 2|

X4+ Xtran)

} -cos(w-t— 83.32deg)

j| .Cos((u)'t — 8332deg))
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Note that the case with a single voltage value decays more quickly.

15F T T T

i (1)

i 20

_10 1 1 1

ATPinput :=
Loaded@en.ADF

tatp3 == ATPinput<0> Iy atp3 = ATPinput<1>




ECE 523:
Symmetrical Components

Session 28; Page 11/12

Fall 2019

1><104 T T T
sx10°
iaﬁatp3
o l\
iff, 2(t)-IBase
_5x10°f
— 1x10* ! . ,
0 0.5 1 1.5

The case with the voltage values matching the impedances matches the ATP results better than the first case, which is below.

1x10%
5¢10°
iaﬁatp3
i (1) IBase
_s5x10°
_x10t

tap=0.03755 ,t

O..

0 0.5 1 1.5

tap—0.03755 , ¢

The second case with the different voltages is more accurate for amplitude
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1x10*
5x10°
iaﬁatp3
: 0
iff, 2(t)-IBase
~5x10°
~1x10* ' ' ' '
0 0.02 0.04 0.06 0.08 0.1
tatp—0.03755 ¢
e Machine rotor is accelerating causing the phase error, which would normally occur
e Notaccounted for in analytical calculations.
1x10* .
5x10° - -
iaﬁatp3
iff, 2(t)-IBase
_5x10°F .
“1x10? '
1 1.05 1.1

tap=0.03755 ,t

Notice that amplitudes line up




