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Symmetrical Components Example
MVA = MW a:= 1.¢ 12008 L1 11
. 2
A012 =11 a a Il’lV_AOlz - E 1 a a
1 a a2 1 a2 a
S
— — B
Sg = 100MVA VgL L = 230kV I = ——— Iy = 251.022A
V3 VELL
e Voltages and currents from a single line to ground fault with and load flow on weak 230 kV system
Zy:=(3.408 +j-38.956)ohm  Z, :=Z; Z5 = (3.408 + 38.9561) (2
Zy =32 Zy = (10.224 + 116.8681) (2
230kV . 230kV  _;.
VS — e] Odeg VR — o j-16deg
V3 V3
_(Vs—Vg)
TA prefault = Z |IA _prefault| = 945.198 A arg(IA _prefault) = —3-deg

e Prefault current from EMT simulation

magl, = 945.1A O1p = —3.03deg

e Fault currents and voltages from EMT simulation

4144A_e—j-79.74deg 10~ SV.ej-Odeg

—j-122.9deg —j-144.0deg

IABC = 945.1A-¢ VABC = 164.3kV-e

945.1A.¢ 117-1dee 164.2kV o 128-2deg

1345.057 -92.923
_—

Tojp = Agpy -1 ’
012 = 4012 TABC lo1o| = | 1643.583 | A arg(ly)p) = | ~57.822 |-deg
1345.057 ~92.923
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78.9 172.117
1 —> _
Voi2:=A012 Vapc  |Voia| = [ 105205 [kV  arg(Vgp) = | =7.905 |-deg
26.305 172.03
e Comparing our model to the simulation results
Vop=0-1Iyjo Z
Of 012,40 Vog| = 157.795kV  arg(V ) = 172.077-deg
230kV
V= ~Ip12. (2
=3 0121( ) Vig| = 81.114-kV arg(Vj¢) = ~21.218-deg
Vo = 0—10122-(22) Vog| = 52.598-kV arg( Vo) = 172.077-deg
%
of
132.77 —~179.846
v Ao Vlf _ _
ABCE = 012 [Vapcs| = 214366 |k arg(Vapey) = | ~158.72 |-deg
Vaof 197.876 133.554

Now look at behavior in the time domain.
e Setupanarray 2 cycles long, with 16 samples per cyle

1 2 w = 2-7t-60Hz

t := Osec, .
16-60Hz 60Hz

la(t) = \/E ‘IABCO 'COS(UJ't + arg(IABCO)

lb(t) = \/E ‘IABcl 'COS((.AJ't+ arg(IABCI

lc(t) = \/E ‘IABC2 'COS(UJ't + arg(IABcz))

1x10* . . .
ig()  sx10°F .
iy (1) OQ‘ Q‘ )
O g0t v v

—1><104 I I I
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Va(t) = \/E VABCO 'COS((.AJ't + arg(VABCO))

V(1) = \/5 VABCl -cos(w-t+ arg(VABcl))

Vc(t) = \/E VABC2 'COS((.AJ't + arg(VABcz))

3x10° .

2wt AN AN
oL N

vo(h) —1x10° —/
4

_ 3><105 I I I
0 0.01 0.02 0.03

e Convert a and a2 to units of time

arg(a)
A= T —— T, = 5.556-ms
360deg-60Hz
2
arg(a ) + 360deg
= T =11.111-ms
a_5q 360deg-60Hz a_8q
2
(I +alp+al )
A B
Note that: [} = <
3
e This equation involves rotating Ig and I~ by positive angles,which would mean

advancing in time.
e We canonly delay measurements, not advance them
e Recall that:

a= a_2 a—a_Z:O

az=a_1 az—a_lzo

e Instead we will use the following equations for I1 and I2 with time delays.

I —2 -1
ABCO+a JABC, +a - ABC,
3

I alt = ] a1t = (875296 - 1391.1220) A
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I -1 ~2
ABCO+a 'ABC1+a "ABC,

b alt =

As a check

I ait~lo12, = 0A
I ait~lo12, = 0A

¢ Find sequence current treaking angle rotations as time delays

(ia(t) + i (0) + ic(t))

3

3x10°

Iy g1t = (-68.593 - 1343.307) A

i(1)
—  w10°F

i1

i() —1x10°[

3x10°

\/

i) check(® = ip(® —v/2 lo12,
i check(® = i1 () —v2 lo12,

D check(® = () —v2 lo12,

-cos(w-t +arg( Iy

-cos(w-t+ arg

[\

-cos(w-t +arg( Iy

0.02

)
)
)
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4x10 12 T T T

i) check(D  2x10” 12F /\/\(\ _
11 check(V) Py A NN
— 0 V\P\/

k T
\

i t
12 check(?) _ 10”12k |
_4x10” 12 ' ' '
0.01 0.02 0.03
t
(Va(t) + V(D) + Vc(t))
vp(t) =
oD 3
Vo) +vp(t+ Ty) +v(t+ T,
o DO T (T )
(va(t) + vb(t + Ta_sq) + vc(t + Ta))
Vz(t) =
3
2><105 T T T

vo(0) 1x105—\/\/\/\/
Vl(t) ot .
o MOS/\/\/\/\

~2x10° ! !

VO_check(t) = Vo(t) — \/E V0120 'COS((.AJ't + arg(VOlZO))

Vl_check(t) = Vl(t) —\/E' V0121 'COS((.AJ't+ arg(VOlzl))

V2_check(t) = V2(t) — \/E V0122 'COS((.AJ't + arg(VOlzz))
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3x10 10 T T T
V0 check (V) _
= 1x10 1oL .
V1 _check(V) - A 4 N\ ]
-10
V2_check(t) —1x10 B
“3x107 10 ' ' '
0 0.01 0.02 0.03

e [mplemented same scheme in ATP. e Above we calculated

i 1345.057
Io = 1345A.¢ 103 02dee —
|lo1o| = | 1643.583 |A
] = 1644A.¢ 177 04dee 1345.057
i ~92.923
I = 1345A.¢ 10348 —
arg(lo)p) = | ~57.822 |-deg

-92.923




