A1B15EN2 — Phase interruption

Example for solving a non-symmetrical fault — the phase interruption

The generator non-symmetrical load may occur during operation because of failure of a
switch pole in the three phase system, interruption of one or two phases, etc.

The negative current sequence is formed in the generator stator when loaded non-
symmetrically. It results in the negative magnetic field that causes double frequency currents
in the rotor which heat up the rotor.

In this example the phase A is interrupted (see Fig. 1).
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The base values:
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Power line:

X1y = Xop = Xy *

So 5 _ . 259 <15,75)2 — 0.0088
vz P1=" 15752 a0 ) ="
Xop = 2,4 X1, = 0,021

The generator voltage:

ey = 1,099 - /585714
The network voltage:
e, = 0,9303 - ¢/ 432159

The diagram of sequence systems connection is shown in Fig. 2. All sequence systems are
connected in parallel in the points of interruption.

The Fig. 2 is simplified and redrawn in Fig. 3. The
negative and zero sequences are replaced with reactances
X, and X, finally with the reactance x,9 = X2 // Xo.

Fig. 2
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After interruption of one phase:

~

ul—ﬁ1=ﬁ2—ﬁ'2=ﬁ0—u0

llg = _ll.S‘ llg + lzg + log = 0
lag = —las lis Flps+los =0
log = ~los

Further:

Xy = X9 + X = 0,315

Xg = X15 + x4, = 0,0235

Xz = Xp¢ + Xog + Xgp + Xp5 = 0,3385
Xos = Xot + Xgs + Xgp = 0,1783

Xz0x = X23//Xos = 0,117

&g — &

_j (% + X305 + X5)

—iys = 0,6996 - ¢/ 1923317

fly = &5 —jxy 115 = 0,9743 - /484957

Q) = 65— j x5 lyg =65+ j x50y, = 0,9371 - /4413

Fig. 4
Further (as shown in fig. 4):
By Xas = fog * Xapg = —fp - 22 0%
2g72x — tog o2z — Ttig T |
X3 t Xox

A A Xox —_1 o a
lZg — _llg . — 0’2413 ‘e Jj*160,767° — —1y

Xy T Xox
i 7 X2z -j-160,767° A
log=—l1g-———=0,4583"-¢ ' = —1os

Xo3 t Xox



A1B15EN2 — Phase interruption

Further:

fl, = —lyg " j * (Xgr + Xz5) = 0,0761 - £/10923%°
) = —lys * j * (55 + x5p) = 0,0057 - /70,7669
ﬁo — _iOg ] “Xop = 0,0665 . ej-109,233°

g = —los *J * (Xos + Xo) = 0,0153 - €7/ 70766

The voltage in the fault point on the HV network side:

iy o 0,9285 - g/ 42964
ﬁB] = [T] 15| = [0,9490 - e=/75504°| [p.u.]
Uclpg g 0,9341 - ¢/ 164929°

Where T™ is transformation matrix between the sequence system and phase system:

[T] =

1 1 1 .2'TT
a2 a 1l,a=e’=
a a* 1

The voltage on the transformer side:

1, oy 1,0514 - gJ55:286°
ﬁB] = [T]|t,| =(0,9490 - e/ 75504°| [p.u.]
dcl,, iy 0,9341 - gJ164929°

Note: The voltage of non-affected phases must be equal.

The currents flowing from the transformer to HV network:

Q

ilg 0 )
= [T]|izg| = [1,066 : 9‘1'110'9171 [p.u.]
2\0 1,066 . ej'149,383°

i
i
ic

g

The generator currents:

The zero sequence is closed in the triangle (delta) winding, the positive sequence is turned by

the angle -30°, the negative sequence is turned by the angle +30°.
ilgA = 0,6996 . e]"(19,2331—30)° — 0,6996 . e_j'10,7669°

fygn = 0,2413 - ¢/ (160.767430)° = 2413 . ¢=/130.767°

iOgA =0
i4 l1ga 0,6155 - /30617

[iB] = [T]|i29a| = |0,6155 - /110917 [p.u.]
iclg Loga 0,9409 - ¢/109233°
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5,844 - ¢ /110917 [kA]
8,933 . ej-109,233°

iA] I 5,844 - g~/30617°

The ground current: i, = 3 -1y, = 1,375+ /19227 [p.u.]

I, = 0,489 - e/192° [kA]
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Fig. 5

The calculation shows that interruption of one phase causes non-symmetry — it can be
calculated as the ratio of the negative and positive sequence:

iga _ 02413
i1gn  0,6996

The currents and voltages are shown in Fig. 5. These values are for the beginning of fault. For
the steady state (the next calculation with subscript u) we assume: the calculation are for the
same generator exciting current as before the phase interruption — so the generator can be
modelled as the internal voltage behind the synchronous reactance:

il = 2,581 - e/ 9% behind the synchronous reactance x; = 1,91.

The transformer negative reactance is unchanged. The generator negative reactance equals to
the subtransient reactance for the steady state.

Substitute generator positive reactance for the steady state is:

Assumed that internal network voltage is:
i, = 0,9303 - ¢/ 43215%°

X1y = X1gy + X3¢ = 1,91 + 0,145 = 2,055
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According to Fig. 1 or Fig. 2, analogically as above:

Ligu =

—lisu =

a1l

J-(1utxa05+xs)

= 0,938 e/ 19227° where

X1y + X205 + X5 = 2,055 + 0,117 + 0,0235 = 2,195

X0z ; o
P S ) R S . ,—j*160,773
agu = —ligu = —1y5, = 0,324-¢7/

Xo3 t Xox

X23 ; o

A s — -j*160,773
logu - _llgu b - _LOS‘u. - 0,614‘ e J

Xox + Xogx

figu = 0,938 /19227 = 4,

A -j*160,773° _ _»
lygu = 0,324 -7/ = -1 [p.u.]
iogu = 0,614 -7 /100773 = —f5 0,

The phase currents of transformer T on the HV side:

The ground current: i, = 3 -4y,

“T_u

0
1'429 . e—j-110,923°
[ 1,429 - ¢/ 149.377° |

0
0'509 . e—j-110,923°
[ 0,509 - ¢/ 149377 |

[z, = 0,656 7119227 [kA]

The generator current:

l1gua = 0,938 e—J10,773°

Logun = 0,324 - /130773

~

logua = 0

[p.u.]

[kA]

= 1,843 - /19227 [p.u.]

because it is closed in the transformer A winding

[ 0,825 - ¢7/306237 ]
0,825 . e—j-110,923°
1,261 . ej-109,227°

[ 7,834 - ¢7/30.623° ]
7,834 - e —J110,923°
11,975 - /1109.227°|

[p.u.]

[kA]



