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ECE 523: Symmetrical Components Examples

If a load is unbalanced, its neutral, m, will not be at the same potential as the source neutral, n. Derive the
between the neutral shift V,,,,, and the zero sequence voltage. Vo for the system shown below. Similar

2.11. Hint, consider the line to ground voltages, line to neutral voltages and neutral to ground voltages.

a Z2=0 "

Vi n = Vm_ground ~ Vn_ground

Van = Va_ground = Vn_ground
and  Vym = Va ground — Vm_ground
50, substituting Vin n = Vm_ground — Vi ground = (V ( ground — Vam) - ((V /ground ~ Var‘

Then rearranging terms:
Vi n = Van— Vam

similarly Vin n = Von— Vbm
Vi n = Ven— Vem
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e  Next plot instantaneous values of Vimn and VO (note that VO is simply 1/3%(Vam + Vbm + Vem). Nc
degree phase difference. 2000

1500

1000

-5004

-1000

-1500-]

-2000 7 T T + T T t
0.0000 20833 41667 62500 83333 104170 125000 14.583(|ms]I6.6670
(file lectexample.pld; x-vart) vivid -Vl VO

ATPDraw Schematic
B &

o

FATIVELA | pen yee
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P,

o

ATIYEO ]

o

714 - a
WY
leasure voltage across
large resistor

e The capacitors were added to provide a ground reference. The capacive reactances are quite large anc
results otherwise.
e  Control modelling language TACS used to calculate VO
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e Addingthese three
expressions, results in:

3Vinn = (Van + Vin + Vcn) - (Vam + Vpm + ch)

e  Applying the Symmetrical Components transformation:

3Vano = (Van + Vipn + Vcn) =0

Similarly
3Vamo = (Vam + Vom + Vem)
Therefore
3Vm n = 3Vano — 3Vamo = —3Vamo

Since the source is still balanced

This does not sum to 0, since the load is unbalanced

VIILn = —Vam(

As a check, the circuit was simulated with ATPDraw, which was also used to determine the symmetrical

instantaneous quantities. 10.0

[kv]

7.5

e First we see Vag, Vbg, Vcg,
Vngand Vg (brown line) 5.0

e Note the unbalance in the

line-to-ground voltages. 297

i{m

0.0

N

-5.04

-7.54

L

-10.0

0.0000

20833 41667 62500 83333 104170 125000 14.583()

(file lect6example.pld; x-vart) v:VA v:VB v:VC  v:VN vivM
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Symmetrical Components Example

LT \7/7,)

MVA = MW a:= 1.¢ 12008 11 L1l
2 o 7
A012 =1 a a Inv AO]Z-E 1 a a
|l a a2 1 32 a
Sp = I00MVA Vg = 230kV 5B 0
B BLL Igi=———  Ig=251.022A A
V3-Vpi, /\
e Voltages and currents from a single line to ground fault with and load flow on weak 230kV system v
°€ 7 = UeSSimulddNOhin 71 = 7 7, = (1.704 + 19. 4781)9 Ly
\)‘ Zg=3Z; Zg=(5112+58434)Q L& L)
230kV . 230kV =
VS - & Odeg VR - _] l6deg
3
V3 ‘/_ ,Mﬂ‘o
Ve—-V
_(vs-Vr
IA prefault = IA prefault] = 945-198A arg(Ix efault ~3-deg
a“," %ault currents and voltages from EMT simulation
(y 4144A_efj-79.74deg 10 SV'ej-Odeg
A% IABC | 945.1A.¢ ) 122908 Vapc = | 164.3kv.¢ 1 144.0de8
Z( \ 9a5.1a.¢ 117108 164.2kv 128248
o ac To°tE
O)‘ 1345.057 —92.923
Iniy = Agpy I
012 = A012  “ABC |lo12| =pp1643.583 | A arg(lg|p) = | -57.822 |-deg 1\ ¢ "‘f
1345.057 -92.923
I ( )
: 9
78.9 172.117
e —

- —
=
Vo= Aoz VaBc  |Vorg| =| 105205 |kV arg(Vg) =| ~7.905 |-deg

26305 172.03 Q'IL
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% N
omparing our model to the simulation results
Voi| = 78.897:kV arg(Vg) = 172.077-deg
To12 '(Zl) Vi =105.232.kv (V) = -8.018-d
1 | = S arg 1f) = SIS
Vop| = 26.299-kv arg(Vyg) = 172.077-deg
0.179 ~86.602
\Y = A y Vlf 4 2
ABCT = 4012 |v ABCf| =| 16432 |-kV arg(V ABCf) =| -144.08 |-deg
Vot 164.223 128.117

Now look at behavior in the time domain.

Set upanarray 3 cycle long, with 16 samples per cyle

1 2 w = 2-7t-60Hz
16-60Hz ~ 60Hz

t := Osec,

la(t) = ﬁ IABCO 'COS(UJ't“F alg(IABCO))

lb(t) = ’\/5 IABCI cos(wt+a|g(IABC1))

i, (0= \/5 IABC2 -cos(w-t+ a1‘g(IABC2))

le()4 T T T

() sx10°

ip () ;
io(1)

—5><103

= i
0 0.01 0.02 0.03
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Va(D = \/5 VABCO -cos(w-t + arg(VABCO))

vp(t) = ﬁ VABCI -cos(w-t + arg(VABCI))

Vc(t) = ‘\/5, VABC2 'COS(U)‘t + alg(VABCZ))

3x10° . . :

<t /AN AN
lxIOF o

v (D

ve(® 1x|05</ \>(/ \}

_3)(105 1 1 L

e Convert aand a2 to units of time

f\zob

. _arg(a) T, = 5.556:ms
360deg-60Hz !,lbo
7
— arg(a ) +360deg . {11.ms -
a sq- 360deg-60Hz 459

Note that: Il = IA + a-IB + a2-IC

e This equation involves rotating I and I by positive angles,which would mean

advancing in time.
We can only delay measurements, not advance them
Recall that:

a=a a—a =0

%] = =
a=al a2—a1:0

e Instead we will use the following tions for T1 2712 with time delays.
I YO +

= 7
IABCO +a 'IABCI +a 'IABC2
|1

g
d

I ait =
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I g =
ABCO+a 'ABC1+a YABC,

LT Zo/y

I
2 alt 3
Asacheck 5‘
I =Ty = (-4.547x 10713 = 2274ix 107 3) A
1_ale—To12, = \-4.547x 274ix
13

= . —13
Il_alt*lo121=(—4-547x10 ~2.274ix 10 )A

{
e Find sequencjfkent treaking angle rotations as time delays

-~ i) = (ia(t) " ibg(t) ki ic(t))
& ll(t) = (la(t) N lb(t _ Tagsq) i ic(t B Ta))
0 = ((a® + it~ T) +ig(t+ To))
A= 5
]
W
3x]03'})ﬂ—i—°|@ ll’ | |
iO(t) 3 oﬂp
— 1x10
i (0

in(t) - 1x10°

3% 103 ] 1 1
0 0.01 0.02 0.03

iO_CheCk(t) = io(t) *—'\/_2_,' 10120 'COS(LO't + arg 10120))

)

iZgoheck(t) = lz(t) “ﬁ' ]0]22 'COS(UJ‘t+ arg 10122))

[\

t
i]icheck(t) = ll (t) —'\/5' 1012] 'COS(UJ't + alg(Im




