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11th lecture - examples

Calculati f the shock short-circuit
current — example 1
= Task

Determine the shock surge short-circuit current (3f) after
the transformer T2 flowing in the following network:

G T1 \ T2
O—QD+—HIDH~

ShG =20 MVA X =0,37 2/km

Ung =6,3kV I=4,5km

Xa=012 |5 ——30MVA Sirs = 40MVA
P11 =63/35KV P2 = 35/110 KV
Ukt =011 Ugr2 = 0,11
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Calculation of the shock short-circuit
current - example 1

= Solution G ooV, T2y
1/ Replacement scheme:

I Xg Xr4 Xy X2

2/ Calculation of reactances in relative units:
We choose:
= S, =100 MVA (in general)
= U, = 110 kV (the rated voltage at the short-circuit
point)
conversion to Sv and to the place of short circuit

Calculation of the shock short-circuit
current — example 1

Xg X1 Xy X712
= Solution | L
2/ Calculation of reactances in p. j. — contin.
+ G
vooxg Ui 11 Sy o, 63 35 1107 100 _
€7TSG b2, p2, U2 20 632 352 1102
100
-012-22-06 )
T 20 U, primary T1 -> 2 transfers
+ Tl 2 s
U
Y =ugry Um LSy, (BF 357 1107 100 ]
Snr PT1 PT2 Uy 30 6,3 35 110
=0,367

Calculation of the shock short-circuit
current — example 1
Xg X1 Xy Xy, 110 kV
= Reseni [
2/ Calculation of reactances in p. j. — contin.
LA 'H

2
Xy = X-1-2-.5% _037.4,5. 1107 100 _ g3
pT, U7 35% 110
+ T2: U, secondary T2 -> no transfer
u? 7
XT2 = UTs - nT2 Sy _ 11..ﬂ:0,275

Sor2 U2 7 40 1102
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Calculation of the shock short-circuit
current — example 1
= Solution
3/ Calculation of overall reactance x,
Xy

Xg X11 Xy X12
||}—|:|—|:|—|:|—|:|7f > xll—:l—f

Xk = XG +XT1 + Xy +X12 =0,6+0,367+0,136 + 0,275

Ul 1102 =1,378

X=X ¥ =1,378-% - =166,74 Q

Sy
4/ Calculation voltage
Uor —€Un 11110

vyp — @ - Jg

=69,86kV

Iculation of the shock short-circuit
current — example 1

= Solution
5/ Initial short-circuit current
. _Ywp _ 69,86

= =0,419 kA
X 166,74 0419KA
or: I,
. S 100
I, =c- v 11 =0,419 kA
LR IV TN 1,378-/3-110
mposition of mmetri m in
mmetrical componen F m -

example 2
= Decompose into symmetrical components (numerically and
graphically) the system:

=

1 :%(ia a3 Ip + a2lc)

"

1,=0’T,=150A’ I, =@-100A

Z(Ia +a2lp +a-1c)

=
N
Il
=W

0==>a+1Ib+1Ic)
I- %(0+5»150+53100) - %(1505+100) -

w

=%[150(—%+j?)+100]=%(—75+j«/§475+100)=
_ 1.3
LosiEs) =B 3.05 |a=5405
3 3
. EZ=—1—j€
1 = i - .el?9 2
; =83+j433=441-e - ( 1Jz [jﬁjzzhll
2
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mmetrical componen F m -

example 2
= Decompose into symmetrical components (numerically and

graphically) the system:

I
T,=0'T,=150A’ . =@-100A | T2 =1(Ta + 32T +a o)

To=L(a+Tb+1c)

%(ia +a-Ip +a%lc)

3

L =100+ 32150+ 32100) = L. 2501 Y3y

I = $(0+ 32150 +32100) = 2-250(-1 - §5) =
__ 125 3125 1B
3 173 a=—5+iy

L =-41,7-j722=834 % |Z-—2-F

10

mmetrical componen F m -

example 2
= Decompose into symmetrical components (numerically and

graphically) the system: o
I,=0’ T, =150A’ I, =a-100A | 2 = 1(fa + 3%l +a-1c)

Io=1(a+Ip+1o)

%(ia +a-Ip +a%lc)

-1 _ 1 1 .3
Ip =3(0+150+3-100) = 3150 + 100(-3 + )] =

100 .~/3-50

SR Ba-ply
- : 2_ 1 4B
Ip=333+j289=441.e |3 =5"I7

3 (12 (3P 1.3
‘erform the graphical decomposi |on© a =[-§] -5 =Z+Z=1

according to the instructions in pic.

Iculation of short-circuit curren
- example 3

105KV 200 MVA x;"=12%

G:
w Task:
« Determine
the short- o
circuit 2 2oMVARALI%
conditions in| “*X
Vi

the marked ;:mmmndmm vedeni svazkove)

part Of EA T Yxw 350 MVA

(see pic.) — w10% )

specific task | moxv /

below 2 vedeni N 711 KV
1 vodid/fize)

V3: (jednoduché vedent
1 vodic/fize)

s: 110kV, I, =125 kA
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- example 3

» Task:
+ Calculation:

1) 3f short-circuit current in case, that:
a/ switch Vis open
b/ Vis pinned

2) 2f short-circuit current without ground

3) the current flowing from the connection of one
phase to the ground
(1f short-circuit X 1f ground connection 22??)

L4

Solve:

- in relative units => choose S,, U, and calculate I,

- with fictional transfers

- substitute scheme for consecutive, backward and zero
components

Calculation of short-circuit currents

- example 3
= Method:
1) according to wiring diagram (for worst case) => replacement
scheme, i.e.:

= all elements are replaced by passive parameters (longitudinal
only) - generally Z, resp.
« R=>0,ifitisR <0,3.X ;forvn, vn =>just X (R - neglect)
« X=>0,ifitisX <0,3.R ;for nn => just R (X - neglect)

= we don't consider consumption

= in place of resources (alternators, system) ground

= at the place of the short-circuit we are considering the source of
voltage U, (phase) => the short-circuit current flows from the
fault point only in the branches to short-circuit current sources
(alternator, system)

2) From the substitution scheme we determine the total
impedance of the short circuit (short-circuit impedance)
between the short-circuit point and the ground =>2, (Z)

3) vypocteme piislusny zkratovy proud

Iculation of short-circuit curren

- example 3

a Method - contin.:
< When solving a short circuit, we create a substitute
diagram - generally for a sequential, reverse and zero
soustavu, ie we determine the values of impedances of
individual ES elements:

= CONSECUTIVE (see earlier, resp. contrary. u (*) —
next p.)

= BACKWARED Z,@ = Z,( ... for most network
elements
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- example 3
(*) Repetition of relations for determination of reactances of
individual EC elements:

[fyz.3.] [p.J.]
i 1 S
s line Xy =Xja/km] R
2 p Uy
w% U 1 Sy
= transformer N ] Xt =X¢ =5
100 Sy p? U2
x4 % Y 1 S
= alternator X =100 '%‘p*z Xg:xg‘ﬁ
v
c-U, 1 Sy
» system (network)| Xs = ME o= Xs =Xg =5
ystem ( LT B P 0,2
n Uy c-U, c-U 1
from the formulay =22 = =N — X, = 0=, where
KTXC B T B P

1" ... Initial short-circuit current (= 3f symmetrical)
16

Calculation of short-circuit currents
- example 3
m Method - contin.:
m ZERO Z©... it depends on what elements are in the
network
+ line: R same, X, = k.X,()
(k - viz tab. 3 eg to calculate passive
parameters of management - lect. 2)||_

K ypotiu nulove slofky indukinosii:

L =kl

+ system: X L@ = 3.XD

+ alternator:  if the block transformer is connected Dy,
=> X,(© falls out of the scheme

@C%N} ; (0) X (©

« trafo: X7© = X when connected yyyy (vvn/vvn)
X9 = 0 when connected yyy (vvn/vn)
.

- example 3
= Method - contin.: (viz 1. lect.)
« It is an isolated system => 1f fault is not a short
circuit, ale ground fault, where ;%
m size of capacitive current
is determined from the
phasor diagram

:» we assume symmetrical
passive line parameters, then

Cho =Ceco =Co Us
‘IBO‘ = ‘IL:O‘ =Usar -Bo c0s30 =
_______ B 2 .
kan

kap _ |
22 = leolc0530] s v e e

________ N
0‘~§:«/§'Usdr~30:«/§~Usdr~0)~C0~|
18

p
II
|

| Tap = 2-[Tp|cos30 = 2T
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- example 3
= Method - contin.:

and MV networks (sizes only):

+ Specific calculations of short-circuit currents for MV

u 3 phase short-circuit Uyyp c-U
bt =3 ™ 5@
XD x
Tar = c-Un{ _ c-Sy _cl,
2 1 1
Aoa®U’ Box®huy, x®
k S ~~ _
v (U, =V,
where: U, ... short-circuit voltage
XD ... short-circuit reactance of sequential component in Q
x {1 ... short-circuit reactance of sequential component in p.j.
I, ... relative current

Calculation of short-circuit currents
- example 3
m Method - contin.:
= 2 phase short-circuit

«/§Uwp _ ﬁ.c.un =@ Un
Xk(l) aF Xk(z) «/§ -2 Xk(l) 2. Xk(l)

Laf = N Iz)cm: ﬁickll)v
Sy I,

where: X, ... short-circuit reactance of the backward component in Q

Lor =

Iculation of short-circuit curren
- example 3
= Method - contin.:

= 1 phase short-circuit

Liar = 3 U = 3:¢-Un =
Xk(l) aF Xk(z) =P Xk(o) \/§ . (2 ° Xk(l) aF Xk(o))
__ Bl
2% W+ x,©
3.c-U 3.c-I
Lkaf = o = u
B2 Xk(l) . Xk(o))usi 2. xk(l) + xk(O)
\'

where: X, (9 ... short-circuit reactance of zero component in Q
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0 0 s
-
- example 3
a Diagl‘am Of G 105kV 200 MVA x;"=12%

the solved
network:
+ Here again to

clarify the E zDo: MVA ue11%

replacement 400 KV

of the vi 1-200Kkm (jednoduché veden svazkové)

upstream and X=0,4 Qkm

downstream

components | ™! )
For calculation
+ we choose :
S, = 40 MVA
U, =22 kv
+ we count:

V3: (jednoduché vedend 100km 40 MVA
1 vodit/fiize) X=04 Qkm ue= 10%
St 110kV, I, =125 kA

Iculation of short-circuit curren
- example 3
Solution: Replacement schema

Xo™

zero
component

XM= X, ®
400 kV
sources only in

consecutive system,
because itis a

symmetrical source,

itis only in
110kV consecutive U, but
passive elements

are u (1) and (2) the
same (with the

exception of hydro-
alternator with
excellent poles

sequential and
X0 backward component

Iculation of short-circuit curren
- example 3
= Here agaun to clarify the replacement of the zero
component:
m Z,© ... it depends on what elements are in the network
« line: R same, X, = kX,
(k - viz tab. 3 eg to calculate passive
parameters of management — lect. 2)

ednoduche ved [Dvoiite vedes
AlFe 15

« system: X =3.XD
- altegftor: if the block transformer is connected Dyy

=> X © falls out of the scheme
e e,

« trafo: X7@ = X1 when connected yyyy (vwn/vvn)
X© = 0 when connected yyy (vn/vn)
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Tculation of short-circuit curren
- example 3

Solution: Calculate the replacement reactance of
the consecutive component
A 2 2 2
x® L. UnGL 012 105 [22) (110) [400J 00730
471005657 4 200 \110) \400) (105
2
1) _y(@ . Sy 012 22° 40 0024:
x@ = x R T 0,006

2 2 2
W _ 1 ug UZr 1041 400 (zzj [g) 00670

T 741005,y p2 4 200 (110) (400

2
O _y@® Sy 011 22° 40 0,024
X=Xy UZ 4 200 22 4 =0,0055 We choose:
'(1') """""""""""" 102 T S, = 40 MVA
X =x-1. %~ 0,4-200- [110) (%) =02420 U, =22kV

xl) = X Sv —0220 _o0 Calculate:
222 I, = 1,05kA

Calculation of short-circuit currents
- example 3
Solution: Calculate the replacement reactance of
the consecutive component

2 2
(T11> = .UnTl L O,I-Q-[EJ =0,138Q
100 SaT1 p? 350 (110

@ X = x® Sy _0138. 2% 00114
u 222

1 232
xQ=x-1.L ~04. 50[ J =080
p 0

é X =x{ -3¢ ~08- 29 _0,0661
T

U2 2
X -t T2 _01.22 1210
100 Syro 40

1 1) Sy
x> o1

v

Iculation of short-circuit curren
- example 3

Solution: Calculate the replacement reactance of
the consecutive component

22
X()—X|*— 4.1 =16Q
@ V3 p2 0,4-100- (110) o
1 1
glg:)(() 4_16 —:01322
U3

‘U 1 11110 (22
X Chs 1L (*J 02240
@ 5 OVBILT p2 43125 110 o

@ = xg) : SV -0,224. g -0,0185
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- example 3

Solution: Calculation of substitute zero
reactants (X(® in Q whose x®inp.j.)

X = x® - 0,067 @ X% =2,4.x{H =2,4.0242=05581 02
KA Z00055 X -2 240020048
0 0 1

X% =01380 X =19xH=19.-08=1520
@ =0,0114 (% =1,9.0,0661 = 0,1256

x®-1210 1)_1,91,6=3040Q
©_ 0)_ -
x® =01 x{% =1,9.01322=0,2512

x© =3.x0 =3.0,224=0,6720
x® =3.x{) =3.0,0185=0,0555

Calculation of short-circuit currents

- example 3

Solution: Modify replacement scheme
+ switch V disconnected switch V closed

a)

\ |
Neuplatni se

X*‘“

Iculation of short-circuit curren
- example 3
Solution: Calculation of the total short-circuit
reactance X, () of the consecutive component in
X® = xB e x® 1 xE - xE +x§) =
=0,073+0,067 +0,242+0,138+0,8=1,32Q
XP =xP +xH =0,224+16=1824 0

1 1
Adal o XD
A TR XD XD
switch V disconnected !
X0 x®  x®)
}d b/ xw X% XT ~0766+ 1213710

kT LD 2
switch V closed L

30

2021/22
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- example 3

Solution: Calculation of the total short-circuit
reactance x,(!) sequential components in p.j.

x® =xB 4 x® (B +x @+ x{ =
=0,006 +0,0055 + 0,02 + 0,014 +0,0661 = 0,109
x§ =% 1 x() = 0,0185 +0,1322 = 0,151

Ad a)

(ORNO]
@ _ X X3 @) _ /0,109.0,151 _
o Xy’ = xgl) +x9) +X¥5 = 0,109+ 0,151 +01=0,163
switch V disconnected

Adb) o X)) X o o
T B O R B T

switch V closed

Calculation of short-circuit currents
- example 3
Solution: Calculation of 3f short circuit current

@ Uy c-U a)£:7071m
Tan) = 3 ) = Bo® T TBTe =
X > I:’)ﬁ*10191kA
from frequency v Q B.1371 ===
c-M c-S c-I
@ = = T
- ﬁ-xk(l)usi BoxDlu, x O <
- v 1,1-1,05
from reactance v pj. (U, = U,) = 70163 7,086 kKA
’ D =y -0t

Iculation of short-circuit curren
- example 3

Solution: Calculation of 2f short circuit current

@?) _BUgp_ BcU, 1122
K@D ™5 X @z x, D 2-1,976

~
=

=6,123kA

7
inQ
fromfrequencvlnc'uﬁ «/§~c1/S:,\Iv B,
Iker) = PR () = N
= WU XT3 2
S
7 Y 311105
from reactance in p.j. ZW:6,137kA (8,85 kA)

b)

2021/22

11



11th lecture KEE/TPDE - examples

- example 3
Solution: Calculation of the total short-circuit
reactance X,(® or x,(% of the zero componentin Q
and in p.j. if 1f short circuit is needed.

This is only a procedure (0) X
applicable in the case of other ooT’\
transformer wiring. X(O)

Demonstration in case a) switch V disconnected
X{0 = x© 1 x@ 1 x(P + x{? = 0,067 +0,581 + 0,138 + 1,52 = 2,306 ©

X - x©@ + X9 ~3,04+0,672-3,7120

X( ) X(O) 2,306-3,712
(O _ © _ 2306-3, -
X X(O) (0) 0= e agn t121=26320

Here reactance => it will be 1f ground fault!

- example 3
Solution: Calculation of the total short-circuit
reactance X,(? or x,(% of the zero component in
Q and in p.j. if 1f short circuit is needed.
This is only a procedure applicable in the case of
other transformer wiring.
Demonstration in case a) switch V disconnected
xO = 0 4 %@+ x(9) + x(9) = 0,0055 + 0,048 + 0,0114 + 0,1256 = 0,1905

*0 = x4 (%) = 0,2512 + 0,055 = 0,3067 Calculation in p. J.
(0) X( )

) _ MO 0,1905-0,3067 _
K X(O) (0)+ T2 01905503067 Ot 7027

Here reactance => it will be 1f ground fault!

35

A UIU U U < LS

- example 3
Solution: The procedure for calculating the magnitude
of 1f short-circuit current — NO in this example!
This is not a short circuit, but a ground fault - see below
for the calculation!

3-Uyjp _ Bc-Up _
%D %@ x0  A2 XD %)

/ «/7 C- Un
2Xk(1) + Xk(o)

Tkar =

from reactance in p.j. 3.c.H, 3.c /S-\%
ST = =
@) 4, @ \3u
I(ZXk(i)ka))U 2+ Xk U
fmmreactanceln 33.c.1, Sv
()+Xk( )

2021/22

12



11th lecture KEE/TPDE - examples

Calculati f short-circuit i
- example 3
u If it were different transformer wiring than Yy
(e.g. Yy Yn), we could calculate 1f short circuit

current: 11
Lf = & =6,366 kA
21,976 + 2,632
311105
Yaf =5 0163+ 02175~ 0~ ° KA

e In our case it is 1f ground connection

We choose eg. 400 km = length of all lines connected to 22 kV
Tkap = ¥3-0Cq -1-Up =+3-1,2.107© 40022103 18,3 A

B, =40%-B=0,4-3-10°=1,2-10° S/km
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