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Note:

a) Balanced load or three-line-to-ground fault with impedances.
b) A three-line-to-ground fault.

g) A line-to-line fault through impedance.
h} A line-to-line fauit.

c) A three-phase fauit. i) A two-line-to-ground fault with impedance.

d) A shunt circuit open. i} A two-line-to-ground fault.

e} A line-to-ground fault through an impedance. k) A three-line-to-ground fault with impedance in phase a.

f) A line-to-ground fault. 1} Unbalanced load or three-line-to-ground fault with impedance.

Figure 2.31: Sequence Network Interconnections for Shunt Balanced and Unbalanced Conditions.

In Figure 2-31, the entire symmetrical power system up to
a point, x, of the shunt connection is represented by a rec-
tangular box. Inside the topmost box for each shunt con-
dition is a four-line representation of the shunt to be con-
nected to the system at point x. The three lower boxes for
each shunt condition are the positive, negative, and zero se-
quence representation of the shunt.

The sequence connections for the series unbalances, such
as open phases and unbalance series impedances, are shown
in Figure 2-32. As before, these diagrams are taken from
E. L. Harder’s study. Here again, the diagrams inside the

topmost box for each series condition represent the area
under study, from point x on the didgrams left to point y
on the right. The power system represented by the box is
open between x and y to insert the circuits shown inside
the box. Points x and y can be any distance apart, as long
as there is no tap or other system connection between
them. The positive, negative, and zero sequence representa-
tions of the top box are shown in the three boxes below it.

The diagrams shown in Figures 2-31 and 2-32, particularly
those of Figure 2-32, are useful both for visualizing and cal-
culating the conditions for open phases and unbalances.
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Note:
a) Equal impedances in three phases.
b) Normal conditions i) Phase a open, impedances in b, ¢, and neutral.
c) Neutral open. j)  Phase a open.
d) Any three or four phases open. k) Impedance in phase a.
e} Phases b and ¢ open, impedances in phases a and neutral. 1) Equal impedances in b and c phases, and neutral.
f) Phases b and c open. m} Equal impedances in b and ¢ phases
g) Phases a and neutral open, impedance in b and ¢ n) Equal impedances in b and ¢ phases, neutral open.
h) Phases a and neutral open. o} Impedances in phase a and neutral.

Figure 2-32: Sequence Network Interconnections for Series Balanced and Unbalanced Conditions.

Simultaneous faults require two sets of interconnections
from either Figures 2-31 or 2-32—or both. Asshown in
Figure 2-33, ideal or perfect transformers can be used to
isolate the two restrictions. Perfect transformers are 100
percent efficient and have ratios of 1:1, 1:a, 1:a2, and so
on.

It is sometimes necessary to use two transformers as shown
in Figure 2-33 (f). In this case the first transformer, ratios
1 :e‘j300, 1:€i30° anq 1:1 represent the star-delta trans-
former and the second transformer with ratios 1 :az, 1:a,
1:1 represents the b-to-neutral fault. These can be re-
placed by an equivalent transformer with ratios 1 :E—j150°,
1:€1150° and 1:1.

Figure 2-33a, for example, represents an open phase-a con-
ductor with a simultaneous fault to ground on the x side.
The sequence networks are connected for the open con-
ductor according to Figure 2-32j, with three 1:1 perfect
transformers to provide the restrictions required by Figure
2-31f. The manual calculations required, which involve the
solution of simultaneous equations, are quite tedious.

V.G. Sequence Network Reduction

When manual calculations are performed, the complete
system networks (Figures 2-23, 2-24, and 2-25) are reduced
to the single impedance values of Figures 2-27 through 2-30.



a ——oa go—— ——0aq
X b b y x 20—_—02
?\ g n:g:n
— ——
[} P S P t
« " oy .L—' X y
0 al
| \
N # N ?,
X y X y
1 a2
| —
0 0
- . " v e i,
(S — o
a) c)
g =% b o0
o
n n n n
ppe——
P 1}
Lo " y
a2
1
N 4
n
b X y
a.l
1
0 §
X a Yy
"
b)
Note:

a) One phase open and a fault to ground.
b) Phase a open and a b-phase-to-ground fault
c} Phase a open and c-phase-to-neutral fault

d) Phase a-to-ground fault at x and a b-phase-to-ground fault at y

e} A b-to-c fault at x, and b phase open z to y.

f} Phase a-to-neutral fault at x, phase b-to-neutrai fault on other side of
star-delta transformer bank at y. x is taken as the reference point
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Figure 2-33: Representations for Simultaneous Unbalances.

To simplify this reduction, with negligible effect on the
values, the following basic assumptions are made:

® All generated voltages are equal and in phase

® All resistance is neglected, or the reactance of machines
and transformers is added directly with line impedances

® All shunt reactances are neglected, including loads, charg-
ing, and magnetizing reactances

® All mutual reactances are neglected, except on parallel
lines.

Using these assumptions, the positive sequence network can
be drawn with a single-source voltage, Van , connected to
the generator impedances by a bus.

If voltages are different, the Thevenin theorem and super-
position must be used to reduce the network and calculate
faults. Note that, for the series unbalances of Figure 2-32,
a difference in voltage—either magnitude, phase angle, or
both—is required for current to flow. No current can exist
if the voltages across an open phase are equal and in phase.

The single-sequence impedances, Zl’ 2,2, and ZO’ of Fig-
ures 2-27 through 2-30, will be different for each fault lo-



