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e The rm.s.-value of'the short-circuit current is decaying in this example due to the
decaying a.c. component. Currents through conductors will heat the conductor
due to ohmic losses. The rrm.s. value of the short-circuit current, combined with
the total time duration, is a measure for the thermal effects of the short-circuit.

e Theshort-circuit breaking current is the r.m.s.-value of the short-circuit current
at switching instant, i.e., at time of operating the circuit-breaker. While opening
the contacts of the circuit-breaker, the arc inside the breaker will heat up the
mstallation, which depends obviously on the breaking time as well.
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Note that in the indicated order, the reactance
acquires a higher value at each stage, i.e. the
subtransient reactance is less than the transient
reactance, itself less than the synchronous
reactance. The successive effect of the three
reactances leads to a gradual reduction in the
short-circuit current which is the sum of four
components

m The three alternating components (subtransient,
transient and steady-state)

m The aperiodic component resulting from the
development of the current in the circuit (inductive)

This short-circuit current i(t) is maximum for a
closing angle corresponding to the zero-crossing
of the voltage at the instant the fault occurs.

t(s)

t(s)

t(s)

t(s)

e) 0

Subtransient Transient

t(s)

- Steady-state

" Total short-circuit current is¢ (e), and contribution of its components:

a) subtransient reactance = X"y
b) transient reactance = X'y

¢) synchronous reactance = Xy
d) aperiodic component.

Note that the decrease in the generator reactance is faster than that of the aperiodic component. This is a rare
situation that can cause saturation of the magnetic circuits and interruption problems because several periods

occur before the current passes through zero.
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Table 1. Transformer Connections and Zero Sequence Current

Transformation
Primary Secondary

Passes
Zero Seq. Current?

Provides a Source for
Zero Seq. Current?

Primary - Seconda
Y oY No No
Y o No
Y Y No No
ARA Yos o
AN A No No
A Va o ves (o Ssc, i)
. A o Jos (o Pr.only)
Y a4y . o
Y 4% " ves (o 56, i)
Y < Yes Yes (1 Pr. and S50,
Ya Yes No
Yos Yes (1o Pr. e See)
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Eguiwlent Circuits and Parameters of Power System Plant
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Table 5.3: Zero sequence equivalent circuit connections )

46

Network Protection & Automation Guide



msi
Rectangle

msi
Text Box
46


o A go (b 4> ¢ 3T (glas

© 303 5 5 gilo 5 gamil i (51 9 220 Al go JOle slune

P Q

ERVEXIEN A JUON L] IR U P C IR V- FL3v] CICY RN L PR IVRFUUPL S PO-UP I CIReRpe PR | JXWILy
Ll puo adlgo b o 00,5 (ol g o 50 Ay adls> ol
ALld 3929 yho adlge (3l o Gl LSl 9 Wbl 0 )l iy e 45 Sguiro A (Sloj A WS
b

Enermonde, All Rights Reserved Author: Alireza Ashrafi Mahabad Petrochemical Company Nov. 2024

o aigo (b 4> ¢ 3T (glas

© 303 5 5 gilo 5 gimil 5 (51 3 220 Al go JOle slune

I

e

No zero sequence
in line connection
on A side

Thus, equivalent single phase zero sequence diagram :-

A side A side
terminal Z1o I terminal
[
Ng
(Ep)
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Dy 11
R
O a7
o) — " Ie
2000 MVA = A-G FAULT
L 7-=7,-7, 132/11 KV
20 MVA
10%
2,=72,=12,
(20 MVA BASE)
0.01 0.1 F1
/10\ L I m »‘I: ! *>
\/ - Liw I
N1
0.01 0.1 F2
L —t+—>1 +—»—
I I
= 2 N2
0.01 0.1 FO
—————{ —fFt— o ———
o NO
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Z,; can be ignored for positive and negative sequence network.

P S
Z1o cannot be ignored for zero sequence network /L
Eg:
Zero Sequence Network =
Py Zpg Zso So
Ly O O l l Qe ®
Zyo
Ny 1 I
Typically:
Zo = Zgy + Zpyo) =50 —100% for 3-limb core type
=100 — 500% for 5-limb core type
(400%) shell type
3 X 1 phase units
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@ A

@ B

@ C

ie

ZTO

ZERO SEQUENCE
EQUIVALENT CIRCUIT

No
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P F @;
Pu ZPﬁ 250 SD
N
Ny
1. Zoo= 2-3% Zeg = 100% 3LIMB CORE
iR = 2000%  5-LIMB CORE
8 SHELL
15 3 x 1 PHASE
No
(Eo)
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T
P S
ZSo So
Po ZPo Lo~
L1 ZTo
o—e
To
o el
o o
No
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ZB
Zn
7,
AN
Zs, .
C"‘D A F, o 43S 90
LOAD
o *® N,
Zgz Z1'2 ZP2 ZI‘2
AN AN AN AN
252 G:“ w”
F,
LOAD
o +® N,
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Zgo a ZTo a 3Zm 3an a ZPo ZTo a
—A\N\—0 oo T oo A% +—0—0—»
b%
3%y T,
HES S b 4\/\%{0-0— e
o o
b

T v
* ®
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Oy 4 ST las SO 0 oligs Jlasl (b yo dwwlxo

h=h=lpy=————
WX+ X X
J(X1+ X2+ Xo) i Ul =By —1{- i
1
[, =1lco=0L+1»+1y=3-
G TR J-(x1+Xx2+Xg)
Up=0-=I2-X2
I¢c =3
e jX+x+x+3.X5)
¥ Ug=0-1Ip-Xgy
O ——
jX+XEg)
Jp=t=0
A
la
/
l]a lEa lﬂﬂ lﬁblw 1_’¢—
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j6.002
—» 5 k4 / ?L

S ! i

ja. '

— T A
I

6.0 £2
—p 5 kA 8 T

——

Jo.0 02

o———
J8.0 0

— 10 icA

9 Cado 9 yo (5l addgne jLUg
o) 4 3T glbs 50 A

U1 =E1—-2) -1 =1 80—(,;'2+,f%-:'—_f1 0)=130 k¥

6
Uz =0-Z3:I3 =0-(j2+)7)(~j10)=-50 kV

Up=0-Zp-Ip=0~j8-[~ j10)=-80 k¥
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Transformer winding voltages

L | | Ot OS2
1 2 1] ab, )‘M )é LE)’-OLO)QM ‘)-'
04’
Tr. A }—ba §+a b t @
E
- abc Tr. A abc
5 B <L | e
a - o
— pa — 8, 15/43 T
Tr.B >+a ;—ba —»b —»b i 5]
. —*g ke 30/5 | wr—ey 25
30/v3 o | ) - ° M 7
a I:
2
115/‘/51— rmp_ﬂ,.. !
1543 > l
€ b S
Y abc 1 (00— 14
i
r W v &
b —_—
U1=130 U2=50 kV U0=80 kV . h
kV

Transf. A Transf. B

V.= 80kV V=0

V= 160 kV V=197 kV

V.= 160 kV V=197 kV
Mahabad Petrochemical C Nov. 2024

A B oy 17343 5 mJL‘"’
(~—a}) 7= [A) 2. (4454104 20-B+12)
. = :
oyt | i X (4+26)+(8+12)
Iy=——212 _ 30-08 kA
—i BPTRR, || Py LT TR T
+ 2
4 5 10 10 e VERS oun
4+26+8+12
—pl=2kA | 1I'F ,
- -—21:1— l Ip=2+2+08=48kA
4 5 10 10 U
Ip=a -2+a-2+08=-12 kA
—>I=08ka |/g72A lo=a-2+a”>-2+08=—12 kA
4 % 8
O 12 n
| Ip=0+0-12=-12 kA
Generator: X=4Q I =0+0-12=-12 kA
Transformer A X,=50Q X,=40Q .
OH-line: X=100 X,=260Q I, =0+0-12=-12 kA
Transformer B:  X,=10Q X;=80Q
Neutral reactance: Xg= 4Q
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Generator currents:
m 1 T L ey " o o .- o —

B =qe 73 5 30 g Li=2a 19 4250307 oo B gefB 1A
I L e - _ rand ]

Iy =Iz-e+j'30 i T e Ib=a2-2-e EENT =—£-2=—6/ﬁkﬂ
o ] - o 2 2 2

Ip=0 I.=a-2-e 30 +¢I"-'."-'J-|:a-|_"'r 30 =41
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O 41 31 90 oligS Jlail glas G 50 olies Jlail ol 2 dumlxe
I = By - ?OO/‘E ___=0.85-/-11.03kA
) j-X2-Zg . Jj-3-(45+;-6)
Jrolpt = g o L
Jj-Xo+Zg (45+/-9)
Zy ) 45+ /.6 ,
I =—Ff ——— =85~ 11D =) B R IO
2=l ey o R e B 4
J-X2 . J-3 ;
Ig=—-I] - —2 22 =_(0.85—j-11.03)-—2— _=—1.69+ j-2.83kA
, i M T g 45479 ke
X
—
EI=IUUkV@ b
3
iXa
—
I
I;=0
iZy 2 i
—> Ip=a-N1+a-Ip+1p)=-19.19+ j-424 kA
1
° Io=a I} +a® Ip +Ig =14.11+ j-425kA
Ip=3-7 =3-(-1.69+4+/j-283)=-5.07+ j-8.49kA
JI'Xl:j'-X:IJF"BQ E 0 ( I ) j
20 =/ X+3-Zg=45+60
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U

Sy ) 9 59551, wilul

2
Tocr e U
T "R, UNR _BN-B.NR

100% 3.1y_p 100% ON_R

o0 ——o

R uyz.  Vvoltage drop at rated currentin %
” — & rated voltage

Zy - rated current

8. rated reactive power
ZenXo= QJ\;—C
5 | " 3-Iny_co
ol

o —1 o Qp.c: rated reactive power (three-phase)

4 Iye: rated current
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3-phase equivalent circuit

/
/

Symmetrical component circuit (1-ph-E fault)

Aol gl 32! wlaol

Electrical machines:

Generators and motors have different positive and
negative sequence impedances. The zero-sequence
impedance is very low.

Transformers:
Zero-sequence impedance depends on

sconstruction (3- or 5-limb type, separate transformers
per phase)

68 |

Zs Z: Zil *winding connections
LI . 0 *neutral earthing
Delta-winding short-circuits (limits) zero-sequence
system
Zg Zy Z ” . .
1 Line impedances depend on tower construction
| == ) x s
[] 3R: (conductor distances) and conductor diameter.
Zero-sequence impedances depend additionally on
cross section and and arrangement of OH earth wires.
ZUT ZDL
1 Cables
B Impedances depend on construction.
£ Zero-sequence impedance is influenced shields and
Q parallel conductors (rails, pipes, etc. and cannot be
L— exactly calculated but have to be measured.
Enermonde, All Rights Reserved Author: Alireza Ashrafi Mahabad Petrochemical Company Nov. 2024

S sl E5 ilagl
Type of machine Turbo- Salient-pole generator Salient-pole generator
generator with damper winding without damper winding
Subtransient reactance X" (%) 9t0 32 14 to 32 221040
Transient reactance X4 (%) 14 t0 45 20to 36 2210 40
Synchronous reactance X4 (%) 120 to 300 75 to 140 75 to 140
Negative sequence react.  x, (%) 9to 32 14 to 27 36 to 63
Zero sequence reactance X, (%) 210 20 3to23 410 30
Subtransient time constant T,” (s) 0.02t0 0.05 0.02t0c 005 | ——e-
Transient time constant T, (s) 04to1.8 0.7t0 25 0.7t025
d.c. time constant T, () 0.07to 1.0 0.1to 0.4 0.15t0 0.5
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Ty :\ cts 'y
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I~ Ny ¢\P I~
q 3 d oy q
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39 Lo y gl i ilizeo b, LisLw
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‘r ¥ Io Io Io
Io Io Io | A3lo
3lo
P R — do Ao | dok
o | e 4
b aakininatiki : : :
L Hal Ut
SN QR RN QRN nIEREER
d N B SO
. y 4ty g P 4 * ‘ *
ZERO SEQUENCE A A ,
EXCITING IMPEDANCE :\
~ 100 - 400% B
To 4| Io
Io
I, Y ) Y
Blw aw oilo ygiund! go go fo

ZERO SEQUENCE IMPEDANCE = LEAKAGE IMPEDANCE
~5-10%

Enermonde, All Rights Reserved Author: Alireza Ashrafi Mahabad Petrochemical Company Nov. 2024




ilagol (g (ol I 79 “

@93 95lo gl i (puilol

Rated power Ratio Short-circuit  No-load magnetizing
voltage current
MVA kV/kV % UN % In
850 850/21 17 0.2
600 400/230 18.9 0.25
300 400/120 19 0.1
300 230/120 24 0.1
40 110/11 17 0.1
16 30/10.5 8.0 0.2
6.3 30/10.5 7.5 0.2
0.63 10/0.4 4.0 0.15
[Enermonde, All Rights Reserved Author: Alireza Ashrafi Mahabad Petrochemical Company Nov. 2024
il (cogas (ol )l 73 “
Clio—0 yliw gy e b )08 593lo y gl 5 (puiilipol
Core 3-limbed 5-limbed
Connection Ynd Ynd
Uy (kV) 123 145t0 | 300to | 123 245 420
245 420
Sy (MVA) 50 to 50 to 100to | 330 440to | 270to
350 350 350 1000 1000
Ur.ps (%) 13 to 13 to 12 to 16.5 145t0 | 14to
14 16 16 17.5 18
Up.ps (%) 02to | 02to | 0.2t 0.22 02to | 0.2to
0.4 0.4 0.35 0.25 0.27
(Xo ! Xp), 0.85to | 0.85t0 | 0.85t0 | ~1 ~1 ~1
1.0 1.0 0.95
Ro/R), 15t 1310 1810 1.1 1.0to 1.0to
2.8 2.9 2.0 1.1 1.1
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oo )liw gm oo b 508 il gl i yuailitnel
STy Sy o e b g
Core 3-limbed
Connection Yzn Dyn
Uy (KV) 3.61t024 3.6to0 36 3.6t024 3.6to 36
Sy (MVA) <2350 <250 250 to 630 250 to 1600
ur (%) 4 6 & 6
Ug (%) 2151015 23t02.0 1.651t02.05 1.8t01.25
(Xo /! X4)s 0.07 to 0.11 0.10 to 0.09 0.95t0 1.0 0.951t0 1.0
(Ro/ Ry)s 0.45to 0.54 0.56 to 0.57 1.2t0 1.8 1.2t0 1.8
[Enermonde, All Rights Reserved Author: Alireza Ashrafi dahabad Petroch Company Nov. 2024
Ll cogos (ol loke 75 ‘“
A g 380 Ojg0 & yo addge Jolre Hlue

oc—e
primary

TP

7 secondary
hd E_ 1 hd

Complete equivalent circuit

31, 7

o—e
primary

i | b
Z,T—p :

Ik
Z. ..

leakage reactance of transformer
secondary winding

leakage reactance of transformer
primary winding, related to
secondary side

transformer magnetising impedance
related to secondary side

secondary
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Transformer Zero-sequence equivalent circuit

4 - ‘x‘l **‘)
o—o = *) 3-limb
. I )
P I s P Z.o s S = transformer
P o 0s0 £ %k <
o : ) 5-limb

transformer
Z =
o—0 0p0
p 'D'I| s p [ Lo  3Zg 5 Zops = *
/ o € ) L2101 Zps
Z,,=0.85-Z_%)
0—o 0p0 ps
_D-I ; 1.00-£. **
p | s p 3ZE ZDpG S ZD = Ps )
o Fe O ps
Lyp=x

p | o——PJJ ————o ZODD=_4-5**3‘5-ZDS*)
I I s 7 e
p . Ops . S ZOps = -

Zoy= 8579

:m**)
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Transformer MVA vs. X/R Ratio per IEC Std (@ 50 Hz

oo Power 'I'rarllsfoxmer up to 200I MV A &l ol LD)W‘)" W‘M‘

+++ Two Winding Dist Transf HV <200V {%| X/R < 3

ooo Two Winding Dist Transf HV =200kV :

woo Generator Step Up Transf ((GSTT) 3 phase.
Generator Step Up Transf (GS1T) Single phase.

looo Autotransformer

IEEE ~ */R Ratio for ONAN MVA Rating Transf

- L | i { 1L | 1ot L1LU

150

/R Rato

Est. Walue

bt

Transformer MVA Rating
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X/R Ratios

TABLE 8B

a

TYPICAL X/R c

CURVE FROM A

100 500
50; 3-PHASE, FOA-POWER TRANSFORMER MVA

NSI C37.010

HIGH

MEDIUM

1000

40

40
o 30|
f
poS _
c /
X i Va
20 20 /
¥,,AT,,‘ | . 1 -
|
10— + _ ’J/
./
3 et - d ]
yuyl Lo LI E sy I eyl i Ll e 1 Loaad s
.05 A 2 5 1 2 5 10 20 50 100 200 500 1000
SELF-COOLED MVA TRANSFORMER RATING
TABLE 8C
CURVE FROM ANS) C37.010
50 , - /
LT
401~ ~~HIGH MEDIUM /
o
N1 2 30 LOW - 30 -
3 i
S 20 i |
a |
F 0 P |
0 L] /
50 250 1000 5000
100 500 2500 10,000 /
20 NAMEPLATE H P / — —
X/R range for three-phase induction motors. /
o
E /
<
o«
L
=
4
10 //
/ .
//
/
0 111 1 St el 1 1L iJid Las i L a0 aut 3 pa e gy
5 1 5 10 50 ) S 8 S g 8
® T & 8 § § %
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2R, 7L 2R, L
Zi=Z2=4, e § ko Ay (gl 1 oo o3l Jolse le
o PR o) i :
ZL:RL+j-XL:f-RL+j-i-XL
Zo o adlgn (gl o0 ool Jolea yluie
o] L ] - 0] ) } [ ) B
Li(‘og LLCOE Zor =Ror +J-XoL =1"RorL +j-1-XoL
12 E w03 YUy ilagol by oukiid () 45 (612 e (505 b8
3,10 e Cblis 4 5o a5 0 ) 1,8 a5 5590 o0l
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Gilge JEG! las il

A
° # 0
L i o B
ZDA - ZDm AB ZOm A-B
O i II II
Lo 4 A1
S ComA-B-
2 Zog ~ Lomas |_,f Y 2
0 s ] L s o B
1 = 1 1 4 = Yegp—c J
(CoB~Coma-Bl4= S(Coa~Comanl  S/C0A-ComaB)g= = ;" 0BT OmAB
‘—T 1-—. 0
Zypand Zyp zero-sequence self impedance (parallel circuit open)
Cypand Cyg: zero-sequence impedance with parallel circuit switched off and earthed
Z i mutual zero-sequence impedance
g am & mutual zero-sequence capacitance
11 ideal transformer
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GIS.2
1
L
[Reswr—]3 800/1 [Resver —13 80071
Trip Trip
A Y T T 3 Fault

A o}
1 T@ E) g

' ' 2 * Generators
2 * Generators Downstream : ! Downstream
Load R e L L L L e L L L L R ! Load
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Positive Xcables

VY

Kiran-stepup T ‘Sl—b U) Ql_o*‘é.'ﬁ C‘)ml ‘J").O
:Earth Fault g ;6 4003 L >
XGen
@ @ @ @ ooy sbS gl Jolao Hloe o yi -
Mos ouisS 4 dny g o (o Lol Y

dwlxo) Hla5 0 yg0 alads o Uas b o dcwlxo -Y

Positive Seq.

Negative Xcables

- —_ .(Earth Fault cble> gly yoo addgo oL 4>
) |-
wn
o e e oad b ol olasde (38 )5 Hks 50 -F
2 K cblis Ly Salod olisde 038,55 0 -8
(8929 ©ygo 50) Cowd (il o
Zero Seq. Xcables
9P bogdwil i ay aogi b Oloplass aenlxe -F
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o 7343 73 13 3¢
@ 3 :3 i3 i1 £3 : lo-cus
e =15[ 2] =] %[ =
N
h
‘mmmwmm Author: Alireza Ashrafi Mahabad Petrochemical Comp Nov. 2024

84 I”

JO6)A—$)¢&«J@Q)‘C¢BL§94‘)¢)&L&C}| ‘5‘3.0

132/20kV
135 MVA

A2 (0 Fy (5295 Sl yuud jo olisS Jlail llas )
WS Joe lojon & yge0 43 J06 juud g abgs o juud o, -

NGR =200A

il o 093 Jlyigs Joxa 5 36855 S (6115 J06 b y55La gl -

X (Positive)

|+
20KV .
el U

X (Negative) ‘

-

U-
o ’ lo I
20/6.6kV N [ =
' ] 7 MVA rrester
Voltage T 3*R (Zero chucnce;[ Uo
NGR |
S
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10 mobin |
b (o0 Hlado 9 dgidare Lmlr J1 59 5L9 ¥

i)é}é

S9b o0 36851 ool sl 31y Sl S slia ¥
E
=3 e o .
8 =N Bgdins a0 59 JO6 Houd j0 Sl g 00,5 Joe 53 -F
i) \
=
G ' (koo 4ilgn ol y22) 9iSrn 41385 1 U 55 J06 yud il -0
- ' £
=l (] wv
Temporary SS E : -é “
) n = .
:{_ WS 03U 1y audS 9 00,5 whwa! 1y (4L > JO6 Huus oy -
a o ~ 10-j06 E E
8 g =& . O
\ \ \ 20/6.6kV
I 7 MVA
“_‘5 NGR
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2 2815 MW

2x500 MVA

“&e-of

132-kV-subsystem 1
I13=19.3-26.1 kA

520 MW
I}, =242-32.8 kA 2

400-kV-system

132-kV-subsystem 2

I{5=154-223 kA S 440 MW
17,=20.9-26.5 kA

% é 2x500 MVA
I I [

A
N

§) = 1090 MW

Figure 11.2  Schematic diagram of a 400/132-kV-system for urban load; values of
short-circuit currents in case of operation as two subsystems

Operating the 132-kV-system as two separate subsystems will require additional
cable circuits and an extension of the switchgear to fulfil the (n — 1)-criteria for a
reliable power supply.
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220-kV-system

132-kV-system

Figure 11.3  Schematic diagram of a 132-kV-system with power station
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(a) K8 K7

f U,=30.000kV U,=30.000kV
T4 (L1)=10.091kA f[i(’(Ll):2.l99kA
S (L1)=524.341 MVA K3 SELD=114241MVA

K;—ELS -'+

K4 K5 K6
) ‘_‘#kEL9 a*,_.

K1

3200 MVA ::|

K9

f U,=30.000kV
11 (L1)=10.091 kA
S7(L1)=524.341 MVA

(b) K8 K7
f U,=30.000kV U,=30.000kV
I (L1)=5.935kA

I} (L1)=2.193kA

S{(L1)=308.375MVA Sy (L1)=113.929 MVA

K3

K2
{=ELs —4
T T

K4 K5 K6
‘_4»7 EL9 4‘*._.

K1

3200MVA ::|

K9

f U,=30.000kV
17 (L1)=5.935kA
S7(L1)=308.375 MVA

Figure 11.4  Equivalent circuit diagram of a 30-kV-system with feeding 132-
kV-system: (a) Operation with transformers in parallel and (b) lim-
itation of short-circuit current. Result of three-phase short-circuit
current: S]’(/Q = 3.2 GVA; Sit = 40 MVA; uyer = 12%, t,r = 110/32;
OHTL 95A1; liot = 56 km
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(a) Each system
IY(L1)=12.155kA
S (L1)=8000.000 MVA

K12

é U,=380.000kV
I{(L1)=17.575kA
Sy(L1)=11567.2MVA

K13 K14 K15 K16

K11
é U,=380.000kV
1 (L1)=23.517kA
S7(L1)=15478.5 MVA

(b) K17 o K18

EL166 EL173
EL167

EL169
EL178 EL179

Eaeh system K19
I{(L1)=12.155kA EL177
S{(L1)=8000.000MVA  [EL170

K20

é U, =380.000kA
I{(L1)=22.668kA -5 K21
S7(L1)=14919.6 MVA

Figure 11.5 Equivalent circuit diagram of a 380-kV-system and results of three-
phase short-circuit current calculation: (a) Radial fed system and
(b) ring fed system. Sl’(’Q = 8 GVA; OHTL ACSR/AW 4 x 282/46,
l; =120 km

As can be seen from Figure 11.5 the short-circuit currents are reduced from 1|/, =
23.6 kA to I,’; =22.7 kA (3.8 per cent) with the new topology. The reduction of
the short-circuit currents is comparatively small, but will be more significant, if an

increased number of feeders (or generators) shall be connected [2].
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(2)

D

U,=110.000kV

Iy (L1)=13.009 kA
r(L1)=2478.597TMVA

C
U,=110.000kV
I}(L1)=15.435kA

Sr(L1)=2940.679 MVA
Spare busbar

SS1
f U,=110.000kV ] b
I}(L1)=16.330kA ;

SE(L1)=3111.364 MVA

SS2 / I —

é U,=110.000kV Ag B
I1(L1)=16.330kA

Sp(L1)=3111.371MVA

(b)

D

é U,=110.000kV
IL(L1)=12779kA —%
S7(L1)=2434.703 MVA C

U,=110.000kV

I1(L1)=15.434kA

Spare busbar S1(L1)=2940.645 MVA

Ss1
U,=110.000kV 8 G
I{(L1)=14.932kA : T

St(L1)=2844.867 MVA T_
SS2 _

U,=110.000kV AS B
I}(L1)=15282KA
SY(L1)=2911.615MVA

Figure 11.6  Schematic diagram of a 110-kV-substation fed from the 220-kV-system.
(a) Operation with buscoupler closed and (b) operation with buscoupler
open. Result of three-phase short-circuit current calculation
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(a)
BB 110

K3
f U,=6.000kV —e K4

IY(L1)=11.353kA U 6.000kV
Sy(L1)=117.986 MVA 1;;(L1) 11.353kA
SY(L1)=117.985 MVA

BB 04 1 ; BB 6 2 g@ g@ é@

(b) BB 110 @
K3
% U,=6.000kV

I{(L1)=9.482kA
‘ U 6.000kV
S§(L1)=98.537MVA 1{(’(L1) 9.478 kA

S}(L1)=98.503 MVA

BB_04 1 BB_6 2 é@ é@ é@

Figure 11.7  Equivalent circuit diagram of a 6-kV-industrial system. Results of three-
phase short-circuit current calculation: (a) Busbar sectionaliser closed
and (b) busbar sectionaliser open
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|s-limiter
Comparison: I-limiter — Circuit-breaker

T, : Operating time of circuit-breaker:
” Ts: Arc duration:

97

i To: Response time of protection relay:

T, : Operating time of protection relay:

10 - 20 ms
30 - 40 ms
40 - 80 ms
10 - 20 ms
90 - 160 ms
AL DD
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|s-limiter
Comparison: I-limiter — Circuit-breaker

l-limiter: T= 5-10ms

98

Current flow time by use of

i“ To: Response time of protection relay: 10 - 20 ms
‘ T, : Operating time of protection relay: 30 - 40 ms
T, : Operating time of circuit-breaker: 40 - 80 ms

. Arc duration: 10 - 20 ms

90 - 160 ms
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l.-limiter — Function
Breaking of a short-circuit current with I -limiter

250 KA f-------------- TR T
i l.o “‘ /l = |1 + |2
* without Is-limiter
T, Ik = 50 kKA T, Ik =50 kA )
S\ U
125 KA -f----F--s---X--nrmrg-----3--------
50kA x X x Y2 s : %
_I Ik perm. = 50 kA ..'. i1
.n?::’... ...“ > t
Ik perm.= 50 KA Current curve at the short-circuit location
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l.-limiter — Function
Breaking of a short-circuit current with I -limiter

T4

250 KA 1

Ik = 50 kA T, Ik = 50 kA

lh liz 125 KA -
50KA x X x Y2

i

100

Ik perm.= 50 KA
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l.-limiter — Application
l.-limiter mounted In bus section

Advantages: 110 kV .

= Improving ,power quality*

= Increasing grid's reliability 25 MVA 32 MVA

= Reducing network- @ 8% @ 8%
impedance

= Optimizing load flow 21"‘5”kA 6 kV/40 kA

= Existing busbar system
and cabling does not have
to be changed

| XX |
"%

101 FRIDED
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l.-limiter — Application

l.-limiter in generator feeder

Advantages:

- Connecting gennerator
independent of grid's
short-circuit capability

= Existing busbar system
and cabling does not have
to be changed

» Separate generator
breaker needless

102

10 kV/40 kA

©

31,5 MVA
12 %

110 kV

40 MVA
8%
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l.-limiter — Application
l.-limiter in parallel to reactor

Advantages:

= Avoid ohmic loasses
(copper losses)
of the reactor

= Avoid voltage
drop of reactor

= Avoid electro-magnetic
field of reactor

- Greenhouse aspects
(CO, and heating)

103

110 kV

10 kVi25 kA
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(Making Current) o.Js Joxi Il ol abix) &STos oL >
il ol oS A B ilgine (il oo 3L 1 alioed Ky Laid 45) Sy ol o ladio s Jns

Peak short-circuit current ip

Peak value i, of the short-circuit current In no
meshed systems, the peak value ip of the short-
circuit current may be calculated for all types of

. s . | ld & | ’L’ LZO
faults using the equation: oimiilo Ly S las by (o A A

ip = K ~v2 I where

'« =is the initial short-circuit current,

K = is a factor depending on the R/ X and can
be calculated approximately using the following
equation (see fig.9) :

3R
K=102+098 e X
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Breaking Current
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Breaking Current
DC aidgo s AC aigo Jolds unls’ abad () >
...\.'.S‘soéb.'él)DC 4.5.‘5.0 AR ).JU’ ob.n.bd.gAC )39.0)*0-"5.1..5"\& gbp sw

Hlade) 4l (no ¥ g 4l (oo VW jladi 95 5l (L/R) &2 a5y (Gl cali o JS& 50 diged gylgie &
el 00 0018 (i (Sl X/R =14 1 40 a5 & y03 sbadS 6l Jgoro

10 (standardised time constant)
# t(ms)
0 10 20| 30 40 50 60 70 80 90
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Breaking Current

DC aidgo s AC adgo Jolds unls’ 2ol () >
...\.'.S‘soéb.'él)DC 4.5.‘5.0 AR ).JU’ ob.n.bd.gAC )39.0)*0-"5.1..5"\& gbp sw

By A 50 W yud uls 40 S de-rate I gl aiged

Time 132kV 3 132kV

constakl ph 1ph 66kV 33kV 20-25kV 11kV 6.6kV
45ms 40kA 40kA 40kA 31.5kA 20 kA 25kA 25kA
120ms 31.5kA 31.5kA 31.5kA 20kA 12.5kA 16kA 16 kA

Table 8: Switchgear short circuit breaking current ratings for incorporation in ENATS
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Thermal Current

Aol 1 e ilgsinn 9 iled (o0 &yl p> adgi a5 ol by Sl (5> ol 2
glod 093 1y ualS wilgiue 4l ¥ oy e 0 DC g AC Fgo ol ghiS ¥1.0 (b s 1 s

« Electromagnetic effects « Thermal effects « Breaking capability
IEC 60865-1 1EC 60865-1

« Switch-on capabilit i i IEG 60265-1

P Ly « Protection measures a_gamsl ) IEC 60265-1 etc.
IEC 60265-1 touch voltages in LV-installations
DIN VDE 0100-470
T « Protection in HV-systems ‘
Peak short-circuit current T _— ’
(Maximal instantaneous value) r.m.s. value Shorceibouit hreﬂ?klr?g csxrrent
(r.m.s. value at switching instant 7,,,;,)

24 4 r/
19] Further aspects

« Touch and step voltages
DIN VDE 0141
« Interference

& 7] /\[\[\m DIN VDE 0228
~ 4] {\ [\ l\ /\ « Surge arresters
IEC 60099-4
14 « Overvoltages
U v V v u H \ 1EC 60071-1
-6 Imin IEC 60071-2
] « Neutral point earthing

DIN VDE 0141

Insulation co-ordination
1IEC 60071-1
IEC 60071-2
« Surge arresters
1EC 60099-4

-164 Total time duration
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ERNCRWLIE IS TIP peve

No. S 3AH51/00025597 | Year of manuf 2011
Ur 12,0 kV 50/60 Hz [Ir 1250 A

sc  315KkA tk 3 s

Ud/Up 28/75 kV m 60 kg

Umax ~
Rated operating sequence : O-0,3s-CO-3min-CO
| Category to IEC 62271-100.E2, M2, C2

l MADE IN GERMANY J
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