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EQUATIONS INTERCONNECTING EMERGENCY CURRENTS
OCCURRED DURING CONCURRENT SYMMETRIC AND
ASYMMETRIC SHORT CIRCUIT WITHIN ANY POWER SYSTEM
NETWORK

N.TURKIA, V.BANTSADZE, V.AKHALADZE

Interconnecting the equations of emergency currents occurred during concurrent symmetric and
asymmetric short circuit within the power system network are obtained. The amount of symmetric
short circuits concurrently occurred within the power system network is presented in the networks by
switching on such two ideal type voltages (electromotive forces) which are equal to each other in size
though are directed reversely.

Equation system is drafted and its solution allows to get direct succession current values at the
damage points. For the calculation unification purposes, all the forms of short circuits are considered
as the result of one-phase short circuit superposition, and three-phase short circuits — as three one-
phase short circuit superposition. Various combinations of concurrently acting asymmetric short
circuits are calculated.

Key words: emergency currents, short circuit, intrinsic resistance, superpositions of currents,
emergency network.

The amount of symmetric short circuits concurrently occurred within the power system
network is presented by switching on such two ideal type voltages (electromotive forces)
which are equal to each other in size though are directed reversely. Voltage can be of any
size as well as equal to normal mode nodal voltages. The voltage sources with coinciding
voltage direction maintain reset conditions unchanged. The voltage sources with the
reverse voltage direction create emergency current components in branches as a result of
the superposition and create emergency currents at the damage points. Interconnections of
the emergency currents are described by matrix equation:

Y, U,=1, or Y, 1,=U0,, 1)

uz uz

where Y, =Z - matrix of nodal resistances; U, — vector-matrix of nodal voltages, where
the voltages within the short circuit networks equal to the normal mode voltages; 1

uz

vector-matrix of nodal currents, where significant elements are the unknown currents of
the short circuit and the remainder equals to zero.

Based on the fact that symmetric components of asymmetric emergency current circulate
within just the circuits of the respective succession, the dependences between the currents
and voltages existing within the symmetric systems are also fair within the separate
succession circuits. Respectively, the dependences between the currents and voltages within
the separate succession circuits under the condition that the special phase currents (in case
of one-phase short circuit — damaged) are brought to phase A through the shift operator
can be described with nodal equations like the equations (1).

So, for the currents and voltages in all succession circuits, like (1), in case of one-phase
short circuit, the following matrix equations can be made:
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In this case the phase A is damages in node i and the phase B - in node j and phase C - in
node K. Matrix elements in the equations (2) are the matrix elements of intrinsic and
mutual resistances within the circuits of direct, reverse and zero successions.

As a result of multiplying the matrixes in the equation (2), will obtain the equation
interconnecting emergency currents and voltages within the circuits of three successions:

Y ' ' roS2yr '
L5y +Zyalyy + Zya'l o =U,, —Ujy

oy ' ’ ’ 2yr '
L5, +Zalp +Zya'lc =alU;; —aUy,

oy ’ ' ’ 2y a2 2¢7/
VAN W +ijanB +Zya L c=a"U,—-a"Ug.

From the mentioned equations the second will be multiplied by a’, and the third — by a and
will obtain:

ry’ ' ' roS2yr '
2L, +Zalip +Zya'L o =U;, —Uj,
oy 2 g roy _ '
ZjiIiAa +ijIjB +ijIkCa—UjB _UjB
rox’ r a2y ’ r ’
Zlisa+Zga' g + Zyy I =Uye = Uy

€))

Analogously, we write the equation for the currents and voltages of the reverse and zero
successions as a result of multiplying the relative equations (2):
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nyn n_2ynm ” ” ” 040 040 040 0
21\ + Za'lig + Zyal o =-Uj, Zilin +Zylip + 2, 1, =-Ujy

” ” "yn n _2qr ” 070 0¢0 0 ¢0 0
Z%al) + Zj1 + 22’1 =-U", ZOT + 2310 + 25,1, =-U',

n_2qn ” ” " oxn _ n 0y0 070 0 y0 _ 0
Za'liy + Zyaliy + 2 Iy =—Uyc Ly +Zyglig + 2y 1y ==Uyc

“4)

If we summarize the equations for nodes i, j, k made by the circuits of the direct, reverse
and zero successions (3), (4), taking into the account the boundary conditions of the one-
phase short circuit (5), will get the equation (6):

I'=r"=1’ and U +U"+U’=0. 5)

We got the equation system the decision of which provides the value of the currents of the
direct (reverse or zero) succession at the damage points, i.e. in the nodes i, j, k. The
arranged values of given currents are the phase values of the emergency currents:

' " 0 k' ' 2 n 0 k' 21 ” 0 '
(Zii+zﬁ+zii iA+(aZij+a )+ 7 jB+(a Z, +all +Z5 . =U,,
21 " 0 k' ’ ” 0 l' ’ 2 m 0 ' 2
(a 7 +ali + 7 Ly +(Zjj + 725+ 72 g +(aij +a’Zy +ij)lkc=UjB =a"U;, 6)
’ 2 0 ' 21t ” 0 ' ' 2 0 !
(aZki +a“Zy +Zki)liA +(a Z,; +aly +ij)ljB +(aZkk +a“Zy, +Zkk)lkc =Uyc =alUg,

For the circuits of the direct, reverse and zero successions the matrixes of the intrinsic and
mutual resistances of the nodes Z',Z",Z" are estimated in advance. Then, the intrinsic and
mutual resistances corresponding to the short circuit nodes are selected from these
matrixes. If the equation is written for the node i, then the intrinsic resistance of this node
and the mutual resistance of the nodes i and j of similar damaged phases will be the sum of
the respective intrinsic and mutual resistances within the circuits of all successions:

Z,+7+ 720 =1 and Zi+Z+Z2; =71
When the damages occur in the opposite phases, then for the calculation of the similar
resistances z;; the calculation is made either under the formula:

21 ” 0
a'Zy+al; +7Z; = Zijop’

iisov ijsov ?

if the damaged phase in the node j leads premature phase in the node i, either under the
formula

aZi+a’Zi + 2y =Z,
9

if the damaged phase in the node j lags behind the damaged phase in the node i. The
intrinsic resistances in this case are determined as they were done above.

Like the equation (6), it is possible to make the equations for any amount of concurrent
short circuits on the ground in various phases.

For calculation unification purposes, all types of the short circuits should be considered as
the results of superposition of one-phase short circuit [3]. For instance, three-phase short
circuit is considered as the superposition of three one-phase short circuits. If node merging
condition is superpositioned on the equation (6) (in the circuits of all successions)

Zii =ij =Zkk = Zij =Zik = ij , (7)

then the solution will give the value of the one third of the phase currents in the node i, if i
is the node of the three-phase short circuit. Same happens with two-phase short circuit on



N.Turkia,... Energyonline Nel(4), 2011

the ground, it is considered as the superposition of two one-phase short circuit. The relative
equations considering the condition (7) will have the following form:

L+ 2 + L) +aZy; +a’Zf + Z). =a’U;
ii ii ii /*iB ii ii iC iA

1

@°Zj; +aZj + Zi)ly + (Z + Zi; + Zi)lic =aU,,

®

So, all types of asymmetric short circuits on the ground are considered as the
superpositions of one-phase short circuits and the relevant unified equations are made. For
the insertion of the interphase short circuits in these equations, it is necessary to take into
the account additional conditions that are the consequences of such circumstances when
one phase, for instance the phase B, is switched to another phase C, i.e. I, =-I,

Fulfillment of this conditions corresponds to the rotation of the currents of two-phase short
circuit on the ground and they are presented as the superposition of two one-phase short
circuits at 120° so that the currents of the direct and reverse successions of the phase C in
the node j coincide with the direction of the currents of the phase B in the node i (figure 2).
For comparing the two-phase short circuit currents on the ground, relevant diagrams of
the currents of the direct and reverse successions (figure 1) are drafted. Vector diagrams of
the currents of zero succession are not considered as they represent one-phase system.

Fig. 1. Vector diagram within the two-phase short circuit on the ground presented
as two one-phase short circuit in the nodes i and j

Fig. 2. Vector diagram within the interphase short circuit presented
as two one-phase short circuit in the nodes i and j

The equations of the node i (special phase B) for the circuit of the direct, reverse and zero
successions will have the following form:

Z 1, +aZ 1. =Ug, —Ujp

ij" jC
Zyly +aZilic = Ul 1. ©)
00 00 0
Ll + ZijIjC =-Uj
Summarization of the equations (9) taking into the account the one-phase short circuit

condition (4) provides:
(Z + 2]+ I, + (aZj; +aZf + Z!’.)I;C =U, =2a’U, . (10)

i ij
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The equation for the node j according to the circuits of all successions would be:
Z'jalg + 21y = aU —aUg
Zialg, + 25Ty = —aUy . 11

040 040 _ 0
ijICj +ZjiIBi ——ch

Summarization of the equations (11), taking into the consideration (5), after multiplying
the first and the second equations of the system (11) by a’ defines the equation for the node
i

(Z+ 25+ I + @2 + 2’2 + 2] = Uy =aU,,
Consequently we will get the equation system describing two-phase short circuit:

it

(aZZ;i + aZZ;,i + Z!)')I;B +(Zi + 25 + ZQ)I'iC =al;,

it 13

(23 +Z5 + Z?i )I;B +(aZj; +aZ; + Z!]')I;C = azUiA } 12)

Solution of (12) gives the one third of the value of phase currents in the short circuit
between the phases B and C.

For the identification of the interconnection of the phase currents within the interphase
short circuit with the currents in one-phase short circuit in the nodes with damages in
various phases, let’s firstly review one-phase short circuit in the node i in two-phase short
circuit between the phases B and C in the node j.

Let’s produce modeling of the currents at the short circuit points with ideal current
sources in the circuits of the direct, reverse and zero successions (fig. 3).
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Fig. 3.

The equations of the dependence between the currents in the circuits of the direct, reverse
and zero successions for the node i where phase A is closed, will have the following form:
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r ! ' ' r 2y '
;L + Zial g + Z;a"Lic = U, —Uj,

nyn [[4 2yn nynmn n
Lyl + Zza'lipg + 21 =-U;y (13)
ZiL, + Z31 ) + 2315 =—Uj,

Summation of the equations (13) considering the boundary conditions of the one-phase

short circuit will give:

' " 0 lyr ' 2 m 0 s 2yt ” 0 lyr
(z; + 2 + 23, + @z} + 272 + 2 + (@72 + 27 + 22 0 = U,

(14)
Analogously, for the node j, where the phase B is closed, will obtain:
7’1, + 215, + Zialle = Uy, — Ul
Ziali, +Z1ig +Zjalic =-Ujp a5)
0y0 0y0 0y0 _ 0
0T\ + 2315 + 2315 = -Ue
(azz'.. +aZ” + 722, + (Z'.. +Z" + Z‘.’.)l’. + (az'.. +aZ" +72° . =U.
it it /oA i i ii/"iB i ij ii/7mic iB (16)
For the node j, where the phase C is closed, will obtain:
’ ’ r 2! 'y ’
Ziali, +Za Tip + 2l = U —Ujc
n_2yn ” " n_2yn _ 2qTn
L;a’l, +Zjaliy + Za'lic =—a"Uje a7
0y0 0y0 0y0 _ 0
LX), + 231 + 2915 = —U'.
0 2 2 0 0
(0zi + 25 + 23 + (0025 + 22+ 2 + (4 2 4 2 M = Uy
The equation system determining the sought unknowns will have the following form:
(z + 2 + 200, + 0z + 272 + 20y + (022 + 2 + 22 W = U,
20 " 0 fyr ] ” 0 fyr ’ " 0 lyr 2
(a L +al; +Z; ), + (ij +Z5+Z; g + (aij +aZii+Z; lic =a"Uy, (18)

' ” 0 v 20 2 n 0 Yy ' ” 0 yr _
(azji + 25+ 23N, +(a Z +a ij+zjj)1j,,+(zjj+zjj +Z3 e =aU,,
F ' F ’ F ’
I, =3I, Ip=3I  Ij=3I

The equations (19) determining the sought values Ij;, I};, Ijc, when the phase B is closed

in the node i and the phases B and C in the node j are closed between each other (fig. 4) are
obtained in a similar way.

r " 0 |yr ’ " 0 lyr r ” 0 lyr 2
(Zii +7Z;+7Z; g +(Zij +ZLi+ 1Ll +(aZij taZli; +Z; i =a"Uy,
' ” 0 Yy ' " 0 Yy ' " 0 lyr _ ,2
(Zji+Zji+Zji iB+(ij+zjj+zjj jB+(aij+aij+ij ‘c=2a’U, 19)
21 2rgn 0 |y 20 2rgn 0 Jyr ' ” 0 fyr _
(a Zi+a’ L+ 72 g +(a Z+a ij+ij)ljB +(ij+ij+ij)le =al;,

Zii =me = Znn =Zim = Zin =Zmn (20)
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Fig. 4.

The equations for the case when the phase C is closed in the node i and the phases B and C
are closed between each other in the node j (fig. 5) are obtained in a similar way

’ " 0 fyr 21 " 0 Jyr ’ 2 n 0 fyr
(Zii +Z5i + 2 e + (a L +aly+7Z; g + (Zij +aZi +Z Uie =aU;,
’ 2 n 0 Jyr ' " 0 Jyr ’ ” 0 fyr _ .2
(aZji +a'Zy +Zji)lic +(ij +Zj; +ij)IjB +(3ij +aZj +ij)ljc =a’Uj,

(Z, +az7 + 2% e + @22y + 227 + 2O W)y + (2 + 2], + Z3 Wi =aU,, .

Various combinations of the concurrent symmetric short circuits are calculated, however
the case of the interphase short circuit in the node j in case of three-phase short circuit in
the node i was chosen as the most illustrative example showing the calculation consistency
based on the suggested method. The condition of merging the nodes i, m, n (20) was
superpositioned on the equation for three one-phase short circuit in the nodes i, m, n (for
two-phase short circuit in the node j, the condition of the node merging was considered

prior to making the equations) (21). Consequently, the equations (22) were obtained:

i ysen j ysen
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Fig. 5
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So, the equations are made for five one-phase short circuits — two one-phase short circuits
in the node j and three one-phase short circuits in the node i. The intrinsic resistances for
the one-phase short circuit in the node i in the circuits of all successions equal to Z};, Z}

ii 9
Z!,in the node jj-2', 2", Z!

ii» Z» Zj;, mutual resistances between the nodes i and j would be

[ n
zy, 7},

ij o

0
zZ).
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As a result of considering the condition of the node merging for the node with three-phase short circuits will obtain:

| (Z;i +Z +Z§) (azgi +a’Z} +zg) (azzgi +aZl; +Z?i) (azgj +a’Z]] +Z§}) (aZZ;j +Z +Zg)_ (I, ] [Ui] [ Ui
a’Zi +aZj + 73 Zi+ 75 + 73 aZj +a’Z + Zj Zi+ 15 + L)) aZj +aZi + 7% )| |lis | |Up| |2°Uy
) \l \l ) \l )
aZl +a’Z! + 7, a’Z, +aZl + 7 7, +27+ 171 a’Z. +aZ’ + 7)) \Z, +a’Z; +Z})|-|Lic |=| Uic |=| aU;y 22)
\l \l \l \l ) \l
(aZZ'ji +aZj; + Z?i) (Zgi +Z5 + Z?i) (aZEi +a’Zj + Z?i) (Zgj +Z5 + Z})j) (azgj +aZl; + Zgj) L U | [2"Uj
I (azgi +Z5 + Z;.’i) (azzgi +a’Zl + Z}’i) (Z;i +aZ + zg’i) (azzgj +a’Zi + Zg’j) (Z;j +Z% + Z;.’j) | Tic| [Ujc] | aU |
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Fig. 6

This example is convenient, because for justifying the validity of the obtained results, they
can be compared to the results of the calculations run based on ordinary method for one
damage point, i.e. the calculations of two-phase short circuit in the node 3 in an immediate
closure of the node 2 on the ground. In this case, the influence of the short circuit is
considered by recalculation of the intrinsic and mutual resistances of the nodes based on
the changes caused by the closure of the node 2 on the ground.

The intrinsic and mutual resistances of the nodes 2 and 3 for the circuit of the direct,
reverse and zero successions calculated in MATLAB are presented in form of the matrix
71,72, Zo.

10
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(7', 7] [0+j0.7286 0+ j0.5476]
Zl:_zgz 7, =_0+ j0.5476 0+ j0.7286 |
ZZ:'Z';Z 75, ='0+ j0.3842 0+ j0.2191 |

(25, Z% ] |0+j0.2191 0+ j0.3842 |
o0 (78, 7%, _[0+10.7800 0+ jo.2100]

Z3, 7% ] [0+j0.2100 0+ j0.7800
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It is obvious from the equations of the interconnection of the emergency currents, that the
factors for coinciding lagging and leading phases with regards to the special phase of the
node for which the equation is written, are calculated with the matrix elements Z1, 72, 70
and the vector shift operator a = —0.5+ j0.866 according to the below given formulas:

0+ j1.8928 0+ j0.9767
Z,, =Z1+7Z2+70 Z,, =

0+ j0.9767 0+ j1.8928

—0.2983 + j0.2236  — 0.2845 — j0.1733
Z,=a-Zl1+a’>-7Z2+ 70 Z, =

0.2845 - j0.1733 —0.2983 + j0.2236

0.2983 + j0.2236 0.2845 — j0.1733
Z =a’-Zl+a-Z2+7Z0 7 =

op op

| 0.2845 - j0.1733  0.2983 + j0.2236

[—0.9637 + j0.2236 —0.6640 — j0.1733]

77, =a-7Z1+a-72+70 77, =

ot

| —0.6640 — j0.1733 —0.9637 + j0.2236

[0.9637 + j0.2236  0.6640 — j0.1733
77, =a’-Z1+a*- 72+ 70 77, =

op op —

| 0.6640 — j0.1733  0.9637 + j0.2236

0.6310 + j0.7999 0.4742 + j0.1553
A =a’-Z1+7Z2+ 70 A =

op op

0.4742 + j0.1553 0.6310 + j0.7999

0.3327 + j1.3165 0.1897 + j0.6481
B, =Z1+a’-Z2+70 B, =
0.1897 + j0.6481 0.3327 + j1.3165
[— 0.6310 + j0.7999 —0.4742 + j0.1553]
A,=2a-Z1+22+70 A, =
—0.4742 + j0.1553  —0.6310 + j0.7999

~0.3327 + j1.3165
B, =Zl+a-Z2+Z0 B, =

—-0.1897 + j0.6481]

—0.1897 + j0.6481 —0.3327 + j1.3165

Choosing the required elements by indexes of the relevant emergency nodes from the listed
matrixes, will make the equation system

7*1=U, (23)
where

11
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10+ j1.8928 -0.2983 + j0.2236 0.2983 + j0.2236 - 0.2845— j0.1733 0.4742 + j0.1553
02983 +j0.2236 0+ j1.8928 -0.2983+ j0.2236 0+ j0.9767 -0.6640 — j0.1733

7= -0.2983 +j0.2236  0.2983 + j0.2236 0+ j1.8928 0.2845-j0.1733 0.1897 + j0.6481
02845-j0.1733 0+ j0.9767 -02845-j0.1733 0+ j1.8928 -0.9637+ j0.2236
-0.4742 + j0.1553  0.6640 — j0.1733 -0.1897 + j0.6481 0.9637 + j0.2236 0+ j1.8928] |

U, T [ 0.8080+j0
a’U, | |-0.4040—j0.6997
U=| aU, |=[-0.4040+ j0.6997 |- phase currents of the second and the third nodes of Fig. 6.
a’U; | | —0.4040— j0.6997
| aU; | | —0.4040+ j0.6997

Solving the system of the equations (23), will obtain:
I=inv(Z)-U
[—0.0573 - j0.3155 |

—0.1872 + j0.1081
I=| 0.2445+ j0.2074
—0.2011 + j0.0000

| 0.2011+j0.0000 |

Triple values of I matrix elements are the values of the phase currents within the damaged

points. For the validity of the suggested method the calculation of two-phase short circuit in
the node 3 in the immediate closure of the node 2 on the ground was made. In such case
Z; =0+j0.317 Z%; =0+ j0.2593 and voltage in the node 3 - U, =0.2008. The calculation is

made based on the method provided in [1].

iy = —j1.732-0.2008/(j0.317 + j0.2593) = —0.6035
i5c = j1.732-0.2008/(j0.317 + j0.2593) = 0.6035
iy /3 =-0.6035/3 = —0.2011

isc /3 =0.2011
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