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Calculation of the parameters:
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Short Circuit Currents in Auxiliary

Short circuit currents are calculated according to EN 60 909-0
Force and thermal effects are calculated according to
EN 60 909-1 and EN 60 865-1 (IEC standard 909, 865)

Basic classification:

|;2'3 Three phase initial symmetrical short-circuit current
|, Single phase initial symmetrical short-circuit current
|,.  Three phase transient short-circuit current

|k3 Three phase steady-state short-circuit current

i Peak short-circuit current

Thermal equivalent short-circuit current



Short Circuit Current Types




Short Circuit Current Types

Calculation of peak short circuit current acc. to EN 60 909-0:
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Short Circuit Current Types

Correction factor k- for impedance, overview from CSN 33 3020:

Hodnota soucinitele K pro vypocet narazového zkratového proudu

Misto zkratu

bez asynchronnich motor

- ot 4
s asynchronnimi motory ™)

za alternatorem do 55 MW 1)
vV soustave vvn, zvn
Vv soustave vn
Vv soustave nn
v kabelovém rozvodu nn 2)
za transformdtory )
vvn/vn nebo vn/nn
vn/nn do 250 kVA vcetneé
do 630 kVA veéetne
do 1600 kVA ve¢etneé

1,23
1,7
[,6
[.4
[.3

1.7
1,3
%)
1,6

2.7

') Pro zkrat v blizkosti alterndtoru nebo za blokovym transformétorem
2 # r o # . # 1 » H - # o #
°) Pro zkrat vzddleny od napdjeciho transformatoru 1 alterndtoru (impedance mezi mistem zkratu a napdjecim

transformdtorem je vétsi nez 10% ze sousledné impedance zkratového obvodu)

%) Pro zkrat v blizkosti sekundirnf strany transformétoru (impedance mezi mistem zkratu a napdjecim
transformatorem je do 10% sousledné impedance zkratového obvodu)

*) Hodnoty souginitele K ve sloupci II slouZi k orientaénimu stanoveni nirazového zkratového proudu v el.
rozvodu s asynchronnimi motory. Ve vztahu pro vypocet niarazového zkratového proudu se piitom pouzije
hodnota poéitecniho rizového zkratového proudu stanovend bez piispévku asynchronnich motort.




Short Circuit Current Types

Calculation of thermal equivalent short circuit current acc. to EN 60 909-0:
l,. =Kk..1) k., =~m+n

Factor for thermal effects of DC component 7, and AC component 7 are

present in graphs in standard EN 60 909-0
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Short Circuit Current Types

Factor k, from CSN 33 3020:

Soucinitele k. pro vypocet ekvivalentniho oteplovaciho proudu
bez uvazovani vlivu asynchronnich motoru

ke pro tg (s)
0,02 0.035(0,05/0,08| 0,1 {0,205 101 3.0
za alterndtorem do 55 MW ) 0,161 1,65 1,60 [1,581,54|1,50|1.,46|1.23]1,08|1,03
v soustave 2)

Misto zKkratu T, (s)

vvn azvn 0,03 |1.44| 1,32 |1.24]1.16|1,13|1.07|1.03|1.01|1.00

v 0,02 |1.35| 1.24 |1.17]1.,11]1,09|1.05]1.02|1.011.00

nn 0,01 {1.24| 1,15 |1,10]1,07|1,05|1.03|1.01|1.,00]1.00
v kabelovém rozvodu 11112) 0,008 | 1,18 1,11 [1.08[1,05]1,04(1.02]1.01|1,00(1.,00
za transformétory )

vvn/vn nebo vn/vn 0,036 1,49 1,37 | 1,291,

0(1,17]1,091,04|1,02|1,01
5(1,0411,0211,01|1.,00]1,00
9(1,071,04]1,01|1.,01]1,00
111.09]1.05]1.02]1.01 1,00

1
vn/nn do 250 kVA véetne | 0,008 | 1,18 | 1,11 1,081
do 630 kVA veetne 0,014 (1,29 1,18 |1,13 |1,
do 1600 kVA veetné | 0,019 [1.35] 1,24 [ 1,171
') Pro zkrat v blizkosti alterndtoru nebo za blokovym transformatorem
%) Pro zkrat vzddleny od napdjeciho transformdtoru i alterndtoru (impedance mezi mistem zkratu a napdjecim
transformatorem je veétsi nez 10% ze sousledné impedance zkratového obvodu)
*) Pro zkrat v blizkosti sekundarni strany transformatoru (impedance mezi mistem zkratu a napdjecim
transformatorem je do 10% sousledné impedance zkratového obvodu)




Cross section

Thermal Effects

dimensioning:

g5 et

(9 +20).c,, 1 % 5

9

Ko P20 I+
Veli¢ma Vyznam Dosazovana velikost
o Fiktivni teplota vodice - teplotni rozdil Cu-2345°C/Q
potiebny s zmene merneho odporu vodice o |A] - 228.0°C/Q
jeden Q Fe—222,0°C/Q
o Teplota vodi¢e bezprostiedne pied vznikem | Maximalni TRVALE
zkratu dovolena teplota 1zolace
Dy Teplota vodice v dobe vypmuti zkratu Maximalni KRATKODOBE
dovolena teplota i1zolace
Material cpo [J/em’ - K] Pag [1-€2-m]
2y
[J',f"’;*:"f.'mr2 m - K] [Q-mm™/ m]
Cu 3.500 0.0179
Al 2.417 0.0294
Fe 3.770 0.1430

Attention! In addition to that, cross section dimensioning must respect

voltage increments, operation currents and/or economy of losses




Earthing and Touch Voltage

Dimensioning of system earting must correspond the short circuit:

I. Calculation of earthing resistance:

a) Earth rod b) Circular earth electrode
o lerén
ot Gl T
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Earthing and Touch Voltage

c) Earthing mesh

JRE—— o B .~ Acc. to EN 50522:
/// /// R _ /OE _ IOE \/Z
v o E = =
Z 2D 4 VA
R fits. kst s i ok _
§<\ ~Z__ (Dwight's formula)
L
LAJ Celkovd plocha mrize A

A formula acc. to std. IEEE respecting earthing conductor length:
(Laurent-Niemahn'’s formula):

ETPEINA L TR AN A 2.(N+\/N).AI

A formula respecting depth of the mesh:

Re = pe. 1\/Z+ = L In0’165'A|'\/; (1 11282—hj
ANA 2NAIV2rxr 2./s., JA




Earthing and Touch Voltage

d) Combination mesh + rod Koeficient vyuziti tyéovych zemniéa v zavislosti na

pomeéru vzdalenosti mezi tycemi a jejich délky
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Earthing and Touch Voltage

II. Current dimensioning of earthing conductors and electrodes

a) Current duration less than 5 s

S :Ike.

L

min K In ng +'9F

G+

Material B K

Al 228 148
Cu 234,5 226
Fe 202 78

Rem. Acc. to EN 50522 is the initial temperature 20°C and final 300°C
Example of current dimensioning of FeZn conductors for final

temperature 300°C:

t[s] Dovoleny proud [A]
30x4 mm 40x4 mm 20x5 mm

0,1 26700 35600 22200
0,2 18900 25200 15700
0,3 15400 20500 12800
0,4 13300 17800 11100
0,5 11900 15900 9960
0,6 10900 14500 9090
0,7 10100 13400 8420
0,8 9450 12600 7870
0,9 8910 11800 7420

1 8450 11200 7040




Earthing and Touch Voltage

b) Current duration more than 5 s
- From the graphs in EN 50522, attach. C
Continuous permitted current for FeZn conductors (temp. 300°C)

Profil Dovoleny trvaly proud [A]
pasek 30x4 420
pasek 40x4 540
pasek 20x5 330
Drat primér 10 mm 220

Re-computation to other final temperature:

Koneéna teplota ve °C Prepocitaci Cinitel
400 1,2
350 1.1
300 1,0
250 0,9
200 0,8
150 0,7
100 0,6




Earthing and Touch Voltage

II1. Touch voltage and earth potential rise

Earth potential rise UE means voltage between selected point and
reference (remote) earth within corresponding short circuit level and
location.

U. =R:.1¢
where IE is current to earth ]
TT network with low impedance neutral earthing le =r.ly
IT network with resonant impedance earthing e =112, +17
IT(r) network with resistance neutral earthing l_=rl, /

residual earth fault curent, maximum 10% I _

Reduction factor r is respecting partial outlet of short circuit current or
earth fault current through ground cables, cable shieldings or

transformer neutral. Reduction factor is thus defined as . _ e
3.1,



Earthing and Touch Voltage

Touch voltage UTp is potential between conductive parts, which can be
touched by human or animal. Real touch voltage level is significantly
influenced by human (animal) body impedance.

S 1009 — R For substations above
§ 1B e 1 kV AC:
b sH - -
puaa | Ug <2U,
3 .
5 - 4 Or:
|
! 11 — < -
100 | | NI“Jx ] Ut _4'U|p
9 . . .
8 1 : + implementation of special
611 ' 4
: EEE measures acc. to EN 50522

(non-conductive asphalt belt,
equipotential grading etc.)

! .
0,05 0,10 0,20 0,300,400,500,70 1 2 3 45678910
—= doba trvani pritoku proudu (s)

In this case it is necessary to isolate earthing system of substation
(power plant) from public earthing systems (min. 20 m)!



Force Effects — Rigid Conductors

For correct dimensioning is For rectangular shaped conductors:
decisive (IEC 865-1 / EN 60865-1)
a) Bending stress of a conductor :
b) Bending forces on supports |, | m i
Force on central conductor is: e ,é%#
_ Mo \/§ i2 L ﬂ_; 1
™2z 2 Pd ol
effective distance 07 i °<n@
d - % :: m@@%‘ I

2 3 456 3810 20 40 60 80100 200 300 @



Force Effects — Rigid Conductors

a) Bending stress on a conductor:
M F | Dyn. and stat. force ratio factor: V_
am — 0 :Vo"Vr'ﬁ' m3
/

8.7  Factor respecting double C-O operation: V,

Factor respecting an arrangement of support: ,6’
Section modulus:

I
/= - Rectangular shape:
? | ab’
Requirement: 12
Moment of inertia: Circular shape:
o, <0.0, 2 h
| = j r=.dS | = r?
Stress yield point: S 4
Conventional, what 0 causes elongation by 0,2% Tubular shape:
Ooammgsi —120—180 MPa o ,., =80 MPa | — £(r4 3 r“)
g — factor of plasticity. 4 1 2



Force Effects — Rigid Conductors

Factor of plasticity g

Pritfez Prifez

g=15 4:4’ ""_l' Lot

e — — e = qEI.lg

& pt 1Y
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Souéinitel ¢ je vztazen k vymadené ose prifezu. Sily jsou kolmé k ose.




Force Effects — Rigid Conductors

If there is more than one conductor per phase, it is necessary to add stress
induced by single phase conductors:

SN2
! | F.l.
Fo=to |22 s o, =0 +0
S 272_ dms o''r* 16Z tot m S
Reqmrement
tot < q 002
B ! fip-
| t.i / s L8
yat TN ¢
" AT ¥_ : 4 A T ..---"’"d
- - : ! s
i-._\_f T — h:l th"d
R L ! ] e e—




Force Effects — Rigid Conductors

b) Bending forces on supports

Force on support: Dyn. and stat. foE)ce8 ratio factor: Ve
: ,0.0
Fo =V V.a.F, Ve =min 1, %2 “max 2,7
Gtot
Factor respecting double C-O operation: V,

Factor respecting an arrangement of support: &

Requirement:

F, <F,=0,8.P. H Tr
H+T

Where P is mechanical
endurance of support




Force Effects — Rigid Conductors

Factors V.,V,,V_: from the fig:
or

For more accurate calculation it

is possible to compute natural
frequency of the arrangement:

e _V E.l
P \m
¥ Factor (conductor plasticity)
E  Young’s modulus

/

!/

m Mass per length

Rem.: Conductor behavior will be the
same, if a natural frequency is more

than 10xf network.

The worst results we obtain for circa

1-2xf network

/ supporting arrangement should avoid

resonance/

System
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Force Effects — Rigid Conductors

Factors «, 3, 7 :

Typ nosniku a zplUsob upevnéni Typ
A aB . n A
prosté podeprenT A B
. B =
nosnik o jednom poli| A ¢ vetknuti o t t B
B : prosté podepfent A B
—
A aB { } #
vetknuti A B
&
2 pole ; ! D
nosnik o vice polich A B
o stejnych rozpétich - - Y
3 nebo vice poli ot R ¥ | E
B B A

a,=0,5
ag =0,5
a, =0,625
ag =0,375
a,=0,5
ay =0,5
a, =0,375
as =125
a,=0,4

as =11

B=1
£=0,73
B=0,5

B=0,73
£=0,73

y =157

y=2,45

y =3,56

y=2,45

y =3,56



Force Effects — Cable Conductors

Force effects on hanged cable conductors:

Force per length on cable conductor:
Mo 311G L

"ox4d I

Detailed computation in IEC 865-1

Limitations:

- Short circuit tensile force  F,

- Drop force after short circuit F,

- Minimum conductors’ distance during swing out of the span a4,
- Horizontal displacement during swing out of the span b,

- Pinch force in the case of bundled conductors |:Ioi




Addenum to 4th Lecture

Rigid conductor arrangement:

Example:

Conductors of three phase system 10,5 kV are rectangular, type

Al 63x10 mm (one per phase), span length between supports is 1m and
phase distance is 0,5m. Make a decision, which type of support do you
select and whether a conductor use is suitable for conductor arrangement:
1) Horizontal

2) Vertical

Mounted clamp means total height elongation by 2 cm

Number of spans/supports: 4/5
Input data:

d,=0,5m o,,=120 MPa
1/, =25 kA x=1,7 (without respecting double CO)



Addenum to 4th Lecture

Select a suitable support from following list

Minimum Maxi
50 Hz (wet) Leakage aX'lT um Section Diameter D
withstand distance working length H ameter
cantilever load [mm]
[kV] [mm] [kN] [mm]
1. 75 174 5 130 60
2. 75 187 10 130 72
3. 75 195 16 130 90




