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The main task of IEC technical committees is to prepare International Standards. Howe
technjcal,committee may propose the publication of a technical report when it has col
data ¢f ‘a“different kind from that which is normally published as an International Standa
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

SHORT-CIRCUIT CURRENTS IN THREE-PHASE AC SYSTEMS -

Part 2: Data of electrical equipment
for short-circuit current calculations

FOREWORD

Theg International Electrotechnical Commission (IEC) is a worldwide organization for standardization conjprising
all |national electrotechnical committees (IEC National Committees). The object of IEC ,is, 10 promote
intgrnational co-operation on all questions concerning standardization in the electrical and electronic figlds. To
thig§ end and in addition to other activities, IEC publishes International Standards, Technical ‘Specifigations,

Tedhnical Reports, Publicly Available Specifications (PAS) and Guides (hereafter feferred to a
Puflication(s)”). Their preparation is entrusted to technical committees; any IEC National €ommittee int
in fhe subject dealt with may participate in this preparatory work. International,~governmental an
governmental organizations liaising with the IEC also participate in this preparation.«/lEC collaborates
with the International Organization for Standardization (ISO) in accordance wjth~conditions determi
agrpement between the two organizations.

B “IEC
brested
d non-
closely
hed by

Thqg formal decisions or agreements of IEC on technical matters express, a§ nearly as possible, an interrjational

conlsensus of opinion on the relevant subjects since each technical committee has representation f
intgrested IEC National Committees.

IEQ Publications have the form of recommendations for international use and are accepted by IEC N
Corpmittees in that sense. While all reasonable efforts are made to ensure that the technical content
Pufjlications is accurate, IEC cannot be held responsible for_the way in which they are used or
misjinterpretation by any end user.

In ¢rder to promote international uniformity, IEC National* Committees undertake to apply IEC Publi
trarjsparently to the maximum extent possible in theirs national and regional publications. Any divg
between any IEC Publication and the corresponding-aational or regional publication shall be clearly indig
thellatter.

IEQ provides no marking procedure to indigate its approval and cannot be rendered responsible f{
equipment declared to be in conformity with an-lEC Publication.

All pbsers should ensure that they have the'latest edition of this publication.

No [liability shall attach to IEC or its>directors, employees, servants or agents including individual expe|
members of its technical committees-and IEC National Committees for any personal injury, property dan
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal feg
explenses arising out of the+publication, use of, or reliance upon, this IEC Publication or any oth
Puljlications.

Atténtion is drawn to the Normative references cited in this publication. Use of the referenced publica
indispensable for the ‘cofrect application of this publication.

Attgntion is drawh:to the possibility that some of the elements of this IEC Publication may be the sul
patent rights. IE€-shall not be held responsible for identifying any or all such patent rights.

om all
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example "state of the art".

IEC 60909-2, which is a technical report, has been prepared by IEC technical committee 73:
Short-circuit currents.

This technical report is to be read in conjunction with IEC 60909-0 and IEC 60909-3.

This second edition cancels and replaces the first edition published in 1992. This edition
constitutes a technical revision.

The significant technical changes with respect to the previous edition are as follows:
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Subclause 2.5 gives equations and examples for the calculation of the positive

-, the

negative and the zero-sequence impedances and reduction factors for high-, medium

and low-voltage cables with sheaths and shields earthed at both ends.

Subclause 2.7 gives equations and figures for the calculation of the positive-sequence

impedances of busbar configurations.

The text of this technical report is based on the following documents:

Enquiry draft Report on voting
73/142/DTR 73/145/RVC

Full in
voting

This ¢

A list

threeqphase a.c. systems, can be found on the IEC website.

formation on the voting for the approval of this standard can be found in the rep
indicated in the above table.

ublication has been drafted in accordance with the ISO/IEC Directives,Rart 2.

of all parts of the IEC 60909, published under the general title Short-circuit curre

brt on

nts in

The dommittee has decided that the contents of this publication will remain unchanged until

the m|
the d4

* reponfirmed,

* withdrawn,

* replaced by a revised edition, or
+ amended.

A bilir

aintenance result date indicated on the IEC web site «Under "http://webstore.iec.
ta related to the specific publication. At this date, the publication will be

gual version of this publication may.be issued at a later date.

ch" in
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SHORT-CIRCUIT CURRENTS IN THREE-PHASE AC SYSTEMS -

Part 2: Data of electrical equipment
for short-circuit current calculations

General

08(E)

oCope and object

This part of IEC 60909 comprises data of electrical equipment collected frofy different

countfies to be used when necessary for the calculation of short-circuit: currer
accorflance with IEC 60909-0.

Gene

the elpctricity supplier.

In sone cases, however, the data may not be available. The data in this report m

applig
with t

ally, electrical equipment data are given by the manufacturers on(the name plate

d for calculating short-circuit currents in low-voltage networks if they are in accor
pical equipment employed in the user’s country. The eollected data and their eval

ts in

or by

Ay be
Hance
hation

may le used for medium- or high-voltage planning purposes and also for comparisof with

data
electr
mater

Thus
basis

1.2

The f

For dated references, only the“edition cited applies. For undated references, the latest ¢

given by manufacturers or electricity suppliers™\For overhead lines and cablg
cal data may in some cases also be calculated from the physical dimensions ar
al following the equations given in this report.

this technical report is an addition tondEC 60909-0. It does not, however, chang
for the standardized calculation procedure given in IEC 60909-0 and IEC 60909-3.

Normative references

bllowing referenced documents are indispensable for the application of this docu

s the
d the

e the

ment.
dition

of the|referenced document, (including any amendments) applies.

IEC 6P909-0:2001, ShHort-circuit currents in three-phase a.c. systems — Part 0: Calculation of
currents

IEC 6DP909-3:7%"Short-circuit currents in three-phase a.c. systems — Part 3: Currents du-ring

two s
flowin

bparate~simultaneous line-to-earth short-circuit currents and partial short-circuit cul
g through earth

yrents

2

2.1

Data for electrical equipment

General

The data presented are necessary for the calculation of short-circuit currents. They are
sometimes presented in the form of curve sheets and sometimes in the form of examples in
tables. In the case of easy equations they are given for the calculations of positive-sequence
and zero-sequence short-circuit impedances for overhead lines and cables.

1 To be published.
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In all, 15 National Committees provided information in response to a questionnaire sent out
before the first edition of this report. Table 1 of the first edition of this report is given in Annex
A.

In some cases, average values or characteristic trends as function of rated power, rated
voltage, etc. are given.

2.2 Data of typical synchronous machines

Characteristic data of synchronous machines are listed in Table 1. The reactances are given
as relative values related to Z,g :UEG/SFG (see IEC 60909-0). Sometimes they are given in
%.

In Figure 1 the sub-transient reactances of synchronous machines (generators, motors and
condgnsers) in the direct axis of 50 Hz or 60 Hz machines are plotted as ,a funhction pf the
rated [power.

Table 1 — Actual data of typical synchronous generators, motors’and condensefs

No| T ?e Rated |Rated voltage| Power Relative values of reactances Note | National
P appar. and factor and d.c time constant Gommit-
power | deviation b) tee
Sic | Ue | tpg | cos@rc x:j X(2) *10) X4 | *gsat | Ipc
c) d) e) f) 9)
- MVA kV % - - < - - - s

-

G2 64 13,8 +5 0,85 0,179 0,170 0,104 | 1,87 1,87 | 0,220 |60 Hz USA

G2 100 10,5 +5 0,80 0,134 - - 1,77 1,45 | 0,246 |50 Hz | Germany

G2 125 10,5 +5 0,80 0,160 0,180 0,08 | 2,13 1,87 | 0,460 |50 Hz| ¢x-GDR

G2 180 10,5 +5 0,90 0,250 0,230 0,14 1,83 1,77 | 0,480 |50 Hz| |Austria

G2 353 18,0 +5 0,85 0,167 0,204 0,089 | 2,26 | 2,17 | 0,194 |50 Hz| [China

(G2 | 388,9 | 17,5 +5 0,90 0,203 0,202 0,099 | 2,42 | 2,19 | 0,250 |50 Hz | Australia

Ol (N[Ol | B~ |W[IDN
AR RN R N =

514 48 10 +5 0,90 0,16 0,17 0,05 0,78 - 0,16 |50 Hz Italy
520 | 290 18,0 +5 0,90 0,22 0,22 0,14 1,03 0,96 0,36 |60 Hz| [Japan
M2 1,45 10 +5 0,90 0,166 0,166 0,046 | 1,63 - 0,04 |50 Hz | gx-USSR
-10
10| SM3 | _8;40 4,0 +5 0,80 0,249 0,303 - 2,675| 2,675 | 0,116 |60 Hz USA
11| S¢10 40 13.8 +5 0 0,119 0,129 - 1,33 1,33 |0,1425|60 Hz USA
12 | SCB T00 10,9 ES) 0 0,20 0,25 0,095 1,76 1,60 0,57 |90 Hz ex-
Czechos-
lovakia
a) TG2: Two-pole turbo generator c) Negative-sequence reactance
SG: Salient pole generator d) Zero-sequence reactance
SM: Synchronous motor e) Unsaturated synchronous reactance
SC: Salient pole synchronous condenser f) Saturated synchronous reactance
g) DC time constant for a three-phase terminal short circuit
_ PG
b) Ug=Ug|1%
100%
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IEC 2028/08
Figure 1 — Subtransient reactance of synchronous machines 50 Hz and 60 Hz

(Turbogenerators, salient pole generators, motors SM and condensers SC)

In Figure 2 the rated voltages and power factors of 50 Hz or 60 Hz synchronous machines
(generators, motors) are plotted as a function of the rated power.

In Figure 3 unsaturated and saturated (x4g,¢/x4) Synchronous reactances for 50 Hz and 60 Hz
turbogenerators, used for the calculation of the steady state short-circuit current, are plotted
as a function of the rated power.

Data are also given for the zero-sequence reactance. It is recommended that the relationship
X/ Xy = 0,5 is used.
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Figyre 2 — Rated Voltage U, and rated power factor cosg,; of synchronous mach
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Figure 3 — Unsaturated and saturated synchronous reactance of two-pole

S -

IEC 2030/08

turbo generators 50 Hz and 60 Hz (relative values)
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2.3 Data of typical two-winding, three-winding and auto-transformers
In Tables 2, 3 and 4 characteristic data of two-winding, three-winding and auto-trans-formers
are listed.
Table 2 — Actual data of typical two-winding transformers
(NT: network; ST: power station)

No | Rated Rated Rated Winding | Side of | y Tap-changer Notes National
appar. voltage short-circuit| connec- | Earth- 2(0) Commit-
power voltage tion ing X(1) tee

Symbol,
St Uiy | Urmiv | e | upy P | Uy | Uk-
MVA kV kV % % - - % % %

1 0,43 20 | 04 | 6,0 | 1,2 Dyn5 LV ~1 | 45 off-load NT.50' Hz, | ex-GDR

8limb

2 24 33 11 [ 24,2 | 1,12 | YNynO |HV,LV| 0,7 | #10 | 24,1 | 25,3\ NT, 50 Hz, UK

3 limb
3 31(5 | 112 | 22,2 | 12,8 | 0,37 | YNd5 HV ~1 | +18 | 13,9.) 10,5 | NT, 50 Hz |Germany
4 8 121 | 6,3 | 105 | - YNd5 HV | 0,71 |2x2,5% ™~ - NT, 50 Hz, | Bulgaria
3 limb
59 | 500 | 400 | 132 | 26,1 | 0,30 | YNynd5 |HV, LV | =16~N413 NT, 50 Hz | Denark
6 2 138 | 13,2 |10,58| 0,49 | Dynf1 LV 0,98 | +2,5 ST, 60 Hz, USA
-75 3 limb
7 2 132 | 6,3 | 10,5 YNd11 (Y, 1,0 ST, 59 Hz, | Hunpary
3 limb
8 180 110 | 10,5 | 12,0 |0,221| Yd17 0,78 | +12 ST, 50 Hz | Augtria
9 390 | 350 | 23,0 |15,920,554 | ( YNd1 HV 1,0 | +10 | 16,7 | 15,5 | ST, 50 Hz, | Ausfralia
-15 3 limb
10 | 780 | 230 | 21,0 | 15,3 |. 02 YNd5 HV ~08 | +15 | 16,7 | 14,3 | ST, 50 Hz |Germany
a) Two-winding transformer withnan auxiliary winding in delta-connection (see Table 3).
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Table 3 — Actual data of typical three-winding transformers

No R

ated apparent Rated Rated short-circuit | Winding Zero-sequence Note | Na

tional

powers voltages voltages connection| reactances related Commit-

symbol to side A

tee

Serag | Srrac | Sitse | Urta| Ut | Urte | ugeaB | krac | UkrBC Xoa| X8| X(0)C

MVA | MVA | MVA | kV | kV | kV | % | % | % |[HYMVLV| o | o | o

1 7,5 7,5 7,5 [34,5(13,8(13,8| 3,65 | 3,68 | 7,96 | YN d1 d1 - - - |60 Hz USA

3 limb

2 2% 16 16 (120 22 | 11 | 11,0 | 14,5 | 3,5 [YNyn0d11| 99,0 - 3,15 |50 Hz{H\

3dimb

ngary

5315|315 |110(38,5| 6,3 | 10,5 | 17,5 | 6,5 [YNyn0d11| 6,13 (17,23 |18,24 “ ¢

hina

4 94 94 94 239|130 (13,8(11,79|11,31 (12,44 |YN yn0 d11|32,39 | 39,23 | 36,34

taly

5 42 42 1230|633 | 20 | 11,7 | 10,6 | 5,9 [YNyn0d11|124,6 - 5,74 |50 Hz | e
5 limb

-GDR

0 | 150 | 150 [400 (230 30 | 17,5 | 16,5 | 11,3 | YNyn0O d5 | 50,5 [~-3,8 |125,3 “ A

lstria

For th
low-v
(230 |
additi
point

The r
circuit
result
factor]
Table

If onl
used.
Xoyr
side:

e transformer No. 6 in Table 3 the following Figufe 4 gives additional informatior
bltage winding C (30 kV) is laying near the iren_core, the medium-voltage wind
V) between the windings A and C. The high-voltage winding A has a main part g
bnal tap winding connected to the on-load {ap changer (see b in Figure 4) near th
bt the high-voltage side of the transformer;

pactances X,, Xg, X¢ in the positivessequence system can be calculated from the
voltages given in Table 3. Related to the high-voltage side A (U, gp = 400Kk
5 are: Xy = 51,1Q, Xg = — 44 Q) and X; = 124,93 Q without impedance corr
5 (see IEC 60909-0). The value X¢ has a small negative value similar to X gy gi
3.

the star point at_the ‘high-voltage side is earthed then X1 = Xg)a *+ X(g)c sh
If, on the other(side, only the star point at the medium-voltage side is earthed
F X0)B + X(0)c(ls Valid related to the high-voltage side or related to the medium-v

X o)1= (X X(0)c)x (230 KV)? /(400 kV)?.

. The
ing B
nd an
star

short-
) the
pction
en in

all be
then
bltage
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R
by B RS 30 EY
A el 230 KV
b i
3;1: 400 EV
e
b
a b
C $C
=
A0k R)):)
F: ) . . B Ao L . o B
RN AR Sh
e
01 aa
c d
IEC 203%/08
Key
a terrpinals and rated apparent power of the windings A, B and C
b posdftion of the tree windings in relation to the iron core
c posfitive-sequence reactances
d zerp-sequence reactances
A HViside
B MVtside
C LV-kide
SA, SH switches at the HV- and MV-side

Figure 4 — Three-winding'transformer (No. 6 of Table 3).

Taple 4 — Actual data of typical autotransformers with and without tertiary winding

No. Rated apparent Rated voltages Rated short-circuit | Winding Zero-sequence National
powers voltages connection| reactances related | Qommit-
symbol to side A tee
Jerae | Srrac | Sitee | Ussa| Urts | Urre | “keas | “rac | YieBe Xoa | Xor | o)
VVA | MVA | MVA kv kV kV % % % HVMVLV | @ Q Q
1 60 60 10 132 66 11 11,0 | 27,5 | 79,0 | YynOd1 | 61,6 | 4,19 | 1050 | Australia
2 P00 | 200 100 230 | 121 6,6 | 11,0 | 32,0 | 20,0 |Y autod11| 30,4 0 54,2 | ex-USSR
38,5
3 P50 75 75 400 | 132 18 14,6 | 12,2 | 7,1 |YNyn0d11|10,11|-7,71 |159,1 | Hungary
4 50 100 100 400 121 10 129 | 131 63 YNynO0d1 | 957 [-131 11139 ex-
Czechos
lovakia.
5 | 660 | 198 198 400 | 231 30 10,2 | 13,5 | 10,6 d5% |24,35| 0,35 | 84,65 | Germany
6 | 250 | 250 - 230 | 130 - 11,6 - - YNynO |24,55| - - Italy
7 | 300 | 300 - 235 | 165 - 7,0 - - YN ynO 13,0 - - Denmark
a)Three separate poles.
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In Figure 5 the rated short-circuit voltage is plotted as a function of the rated apparent power
of unit transformers (ST) in power stations with or without on-load tap-changer. An average
value for the rated short-circuit voltage is given by:

Uk _g 4092 xIn_rT_
% MVA

o Australia € Denmark +  ltaly e USA
x Austria O ex-GDR ¥ Japan
® China ©  Germany +  Norway
A ex-Czechoslovakia ¥ Hungary A UK
24
%
22+
»
20+
X
18
Uy <& O
16+ g 2 oa
(@]
> o o .
144 A N
X o i g O x> X
kr <> - s
e R
12 - T
Uy - - + B A”.
v LLm"" ] + O
10+ a o= Tel T
—— v— | ] v
>4
8+
>
6
4__
21
0 : L : —t— : L 1 F—t—
01 02 04~ 081 2 4 6 810 20 40 60 100 200 400 MVA 1000
Sp ——
IEC 2032/
Figure 5 — Rated short-circuit voltage u, of unit transformers
in power stations (ST) with or without on-load tap-changer

From Figure 5 it can be seen that the following average values for 1, may be used:

SrT=1

SI’T=1O

10 MVA: .= 9%
100 MVA: = 11 %
Sy =100 ...1000 MVA: u, = 13 %

(1)

In Figure 6 the rated short-circuit voltage of network transformers (NT) is plotted as a function
of the rated power. For low-voltage transformers u,. = 4 % and 6 % are commonly used.

In general u,, values for auto-transformers are lower.
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The u,,_values for network transformers in the UK are, on average, twice as high as those
reported from other countries.

The relationship X(O)/X(1) for two and three winding transformers, if only one star point is
earthed, is as follows:

YNd — transformers: X0y/ X(4)=0,8 ... 1,0
Yzn — transformers: X0y! X(1y= 0,1
Ynyn0d — transformers: X,/ X4y =1,5 ... 3,2(3,7)

O Australia ¢ Denmark +  ltaly e USA
x Austria O ex-GDR ¥ Japan
® China ©  Germany +  Norway
A ex-Czechoslovakia v Hungary A UK
24
%
220+
¥
200+
X
18
ukr <>
m}
16+ é% A oA
O
L 2 o o N )
ar X R S "
<> kr <> —_F,ff
1 e R
y4 Uy ”,— B3 + ‘V
. ST & x Aoo
v | . g
10__ akr "’,—’ < vx
J==""w n v
v
ol
a
6
4,,
2L
0 1 —t—t 1 F—t— 1 F—t— I —+—
0,1,°0,2 04 08 1 2 4 6 810 20 40 60 100 200 400 MVA 10p0
SrT
IEC 2033/08
Figure 6 — Rated short-circuit voltages u,, of network transformers
24 Data of typical overhead lines, single and double circuits

The positive sequence impedance may be calculated from conductor data such as cross
section and conductor centre-distances (see IEC 60909-0, 3.4, Equations (14) and (15)).

The effective resistance per unit length at a conductor temperature 20 °C is:
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R - P (2)

At a conductor temperature of 20 °C for the calculation of the maximum short-circuit current,
the following values may be used:

Copper: _ L emm® o minium: p= L QMM Aluminium alloy: _ 1 Qmm®
" PTE T m - P 34 m - P 1 m

|n case f ol /ot anl non Al ntare At Sl s Arace cantioan cbhall b o d fo
JCO T o T St T C OO O CTOT S~ Oy e arat i o o oSS o oo oTa o~ oSt U—TOT n*

The following equations can be used for the calculation of the short-circuit impedances |in the
positiye-sequence and the zero-sequence system of overhead lines with single~¢onductprs or
bundled conductors with one or two three-phase a.c. circuits without or with earth wires.

Single circuit line (1)

Positive-sequence system impedance:

Example for a bundle
2  conductor with two (3)

Zl =Zl| =£+j(0'u—o(i+|niJ
subconductors

™ [=m n 2w\ 4n B

n is the number of subconductors (n =1, 2, 3, 4,6), in case of n = 1 there is only ong con-
ductof, r is the radius of the subconductor, dz%/d,_1L2d|_1|_3dL2L3 is the geometric |mean

distarfce between the conductors, 55 =¥mR"™" is the effective bundle radius with R gs the
radiug of the circle on which the subconductors are placed according to the figure above

Zero-g$equence system impedance_without earth wire:

=i+3a)'u_0+jw’u_o i+3|n 5 (4)

=0) 4 8 21| 4n 3

The zZero-sequehee system impedances in Figures 7 and 8 and in Table 5 are referred|to an
earth |resistivity of p=100Qm and therefore to an equivalent depth of current retlirn of

0 =980m( (50 Hz) or 6 =850m (60 Hz). For the calculation of § see IEC 60909-3, Eqiation
(36).

Zero-sequence impedance with one earth wire Q:

Q | —Zé

710 _ 1 _3ZQlE

Z0)=Z0) 7% ©)
—QQE

with

Zaqe

:R'Q+a;’u° +joto | 4 +Ini,
8 ol 4 | ng
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' Mo . M g
Zae =@ 80 +Ja"21i In ., and  dq =3/daidarzdals

daL

U, depends on the material and structure of the earth wire.

Zero-sequence impedance with two earth wires Q1 and Q2:

2
' . Z
7 1Q1Q2 _ ZI -3 _91Q2LE (6)
—(0) —(0) 7
~ZQ1Q2E
with
- R .
Zaia E=—Q+w'u—0+1a)ﬂ—° #Q | J :
-2 8 2m| 8 Jradataz
ZQ1Q LE =02 +joLn 0 :
i 8 21 §dqr 1dairedaiLsdazidaai2dqals
0,42
Approxithate
2 \\ walues for
km notmitial
system voltagp
040 \ A=30m
Ui=60 kW
1 | 0.9 \ \\ A= 286m
X{l :XL .
0,38 \ A=22m
e Up=30 kW
0,37 \ ol
\ x - 1’8 0
0,36
\\ \ Un=20 kV
0,357 \ d= 14m
0,34 \ R
0.2 \\\sx d=1,0m Un=10kV
0,32 \ g=05m
A=0Em
051
\\\ i D,? "
T30
\ A=06m
0,29 _
d=0,4m \ d=035m [h=04kV
0,280
Gy = 16 25 35 50 70 85 mm? 120
Fo=2,55 315 375 4,5 5,25 625 mm 0

IEC 2034/08
NOTE In case of 60 Hz, the values shall be multiplied by 1,2.

Figure 7 — Positive-sequence reactance X('1) = X|'_ of low-voltage and medium-voltage

overhead lines 50 Hz, Cu or Al, with one circuit according to Equation (15) of
IEC 60909-0
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Calculated values X£1) = X0 l+lni
2\ 4 r

with

d= %/dL1L2dL1L3dL2L3

Double circuit line (ll)

Positige=sequence impedance per circuit,

with

dmLM1 = %/dL1M1dL2M2dL3M3 and  dpy vz = \/dL1M2dL1M3dL2M3 ,

if the Jine conductors of both circuits are symmetrical to the-tower, otherwise use:

dmLiM2 = Q/dumzduMde2M3dL2M1dL3M1dL3M2

In mgny cases the quotient, dy 1m2 /dmiL1mt.has results in the neighbourhood of on

then the positive sequence impedance per.gircuit is gl(':) zgl('n.

D

-

(7)

and
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Table 5 — Actual data of typical overhead lines 50 Hz and 60 Hz

No | Type of | Voltage |Conductors/ Earth Geometric data Positive- Zero- National
line/ subcon- wire (see 2.4 and Figure 8) sequence sequence |Commit-
number ductors number impedance a) Impedance tee
of number material a
circuits material ¢ q 7. =
(Fig. 9) " " i ¢ | numz | daraz daL =0 Zg =
r, d d ' iy
B LM mL1MA1 Ry + X,
(1) (1) C
Ri) +1X(0)
kV mm?2 mm?2 mm m m m m Q/km Q/km
1 A1 0,40 1 X Al 95 (PEN) 6,25 0,6 - - - 0,31+j0,302 0,63+j0,941 | Austria
2 B/1 20 1XCu 25 - 3,15 1,23 - - - 0,746+j0,396 |0,854+j1,643 Italy
3 D/1 66 1 x Al/St Al/St25 | 13,86 | 3,77 - 3,0 4,9 | 0,072+j0,365 |0,410+j0,882 | Norway
Condor
4 F/1 110 1 X Al/St 1xSt50 [ 10,95 | 4,06 - - 10,8 0,119+j0,387 |0,309+j1,382 |Germany
240/40
5 C/1 110 1 X Al/St 1x St 50 9,2 4,61 - - 4,33 0,156+j0395" | 0,370+j1,34 | Bulgaria
185/25
6 C/1 132 1 X Al/St 1 X Al/St 15,8 5,81 - - 12 0064+j0,387 |0,202+j0,931 |Denmark
525/68 138/68
7 E/1 220 1 X Al/St 2xSt50 [ 11,75 | 6,39 - 5,8 6499 0,108+j0,411 |0,352+j1,242| China
291/37,2
8 C/ o) 220 1 X Al/St 1x8t70 | 13,75 8,0 - - 11,6 0,075+j0,420 |0,250+j1,340 |ex-USSR
400/51
9 G/2 220 2 X Al/St 1XAl/St | 10,95 | 6,24 15,8 - 16,3 0,06+j0,299 |0,273+j1,479 |Germany
240/40 240/40 66,2 15,3 144
10 K/2 275 4 X Al/St 1XAS 160 | 17,1 9,85 |46,39 | 13,0 | 16,84 | 0,015+j0,239 [0,111+j1,708| Japan
610/79,4 304 18(747| 12,60 (50 Hz)
11 K/2 380 2 X Al/St 1 X Al/St 18,0 11,5 19,2 - 21,6 [0,0215+j0,303 (0,243+j1,400| Austria
680/85 © 240/40 48,97| 19,1 | 23,2
12 D/1 500 4 < Al/St 2XAl/St (M1,75 | 17,64 - 24,0 | 18,08 | 0,031+j0,286 |0,233+j0,715 |Australia
291/37,2 120/22_ | 197,3
13 K/2 500 4 < Al/St 2% AlSt 38,4 15,13 | 25,23 | 20,4 | 26,92 | 0,009+j0,304 |0,356+j1,224| Japan
814/ 56 +50 / 87 | 287,3 19,38 (60 Hz)
a) Impedances per circuit and resistances at a temperature of 20 °C.
b) SpEcial design. Two 'separate lines in one single right-of-way.
©) Sirce 2006, a pewsconfiguration of conductors is typical: 3 X Al/St 635/117.
Zero-geguence impedance with one earth wire Q per circuit:
z?
nQ _ S ZQLE
Zoy =Z0)t3Z e —6 (8)
~ZQQE
with
- 8 21 dLM

_3 2 .
dim = VdmLamidmeim2 5 dmLami

if the line conductors of both circuits are symmetrical to the tower.

= %/dL1M1dL2M2dL3M3 ; dmLam2 = x/dL1M2 di1mzdioms >
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For ZaaE and gQLE see the information following Equation (5).
O Australia € Denmark * Japan
> Austria < ex-GDR + Norway
Vv Bulgaria © Germany
m China + ltaly
n=1
A
Number of sub-conductors n 22 h
N e n =4 B
Qo
km 21‘)
0,42 a0
X = A 20 192|20
0’40 | T " ?’.‘ 220
L] O;TI ‘ 60
0,38 380 ‘ ‘?ﬂ", 20
7 ‘ ,./ .ﬂ 132 110
0,36 +/,.//. Wwaz 250
e
0,34 - o
0,32 20
0,30 Voltage in KV
0,28 s
0,26 ‘
Pz
0,24 td
e
///.’
0,22 //,’,
P
/’/'/ | ‘ I ‘ e
2 3 4 5 3 4 5 6 7 8 9
10 1090
dlr ; dlrg ————
Calculated value’s:
n=1 X'y = 0 uel2n (114n + In d/ry)
3,
“““““““ n=2 d = Vdi,das dos
B G ) — n=4 rg = NonrReT IEC 2d35/08
Figure 8 — Positive-sequence reactance X =X, of overhead lines 50 Hz
(60 Hz-values converted to 50 Hz)
Zero-sequence impedance with two earth wires Q1 and Q2:
71102 _ 1 3, g Zo1qoLE (9)
£(0) ~20) T2 ME 7
ZQ1Q2E
For Z e See the information following Equation (8) respectively for Za102e and Za1QoLE

see the information following Equation (6).
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3 Q1 iy Q1 2 a
L1L2 L3 f,fﬁ L1 ,..J 1 )\r\j_ﬁf\ -_-..l
vepes =S 5 i ST I T £V R 1 L1
L2 LEN b1, LI L2 L3 L2 L3 T1
L2 L3

i

i
A B E
0 Q
— le Ll
Mfo | 411
— mas (| L2
T} I )
M3y Mz| | Lz L3 M3 L3
I | i
TR L
L i F T rrrrrrri
G K
IEC 2p36/08
Key
A to F:|Single-circuit lines
G to K:|Double-circuit lines
Figure 9 — Type of overhead lines
25 Data of typical high-voltage, medium-voltage and low-voltage cables

The impedances of high-, medium*and low-voltage cables depend on national techniqugs and
standards and may be taken from textbooks or the manufacturers’ data. In Table 6 collected
charagteristic data of 50-Hz cables are given.
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Table 6 — Actual data of typical electric cables

No| Rated | Conductors | Cross | Type | No. Sheath Positive- |Current Zero- Country
voltage section c) of (shield) sequence | return sequence
U, and type cores impedance g) impedance
a) Num- | Mate- b) d) | Type |Mate- , 7z =
ber rial e) rial Zw= ,*(0). ,
Riyy + iX{y Ro) *1X(0)
f)
f)
kV - - mm? - - - - Q/km - Q/km
1 al4 4 Al 240/420 NE 21 0429110 04 athe 4007 -4 RV ex-
T g T =, l\(l)TJ‘r,UA (1)
rST Czechosl.
2| ¢/10 3x1 Cu | 120rST | R" SC | W+T | Cu | 0,16+j0,116 | S+E - Hungary
3 10 3 Cu | 240rST | NR TC M Pb [0,088+j0,069| S+E +j0,242 China
4 22 3 Cu | 120rST | NR" | TC FW | Cu [0,153+j0,104| S+E - Norway
5 50 3x1 Al 500r R SC W Cu | 0,084+j0,11 S+E 0,456+j0,156 | Denmark
6 110 3x1 Cu | 240HO | R? SC M |Pb/Al| 0,079+j0,12 | S%E 0,51+j0,30 Germany
7 132 3x1 Cu | 220r HO R SC M Pb | 0,084+j0,12 S 0,58+j0,061 Italy
8 P75 3x1 Cu |1400sST| R SC M Al |0,0131+j0{14| S+E 0,047+j0,047 Japan
6
9 B30 3x1 Cu 1200s R SC M Al |040205+j0,18| S+E | 0,0719+j0,0566 | Australia
8
HO
10| B8O 3x1 Cu |1200sST| R SC M Al |0,018+j0,188 S 0,047+j0,070 Austria
a) Ling-to-line voltage. f) AC resistance at 20°C.
b) r = found, HO = hollow, s = sector form, ST = strarided. | g) S in the sheath (shield), E in earth, 4" in the|fourth
N . conductor.
c) R =|radial field, NR = non-radial field.
h) N2YSY.
d) SC|= single core, TC three-core cable. )
i) DKAB.
e) T =|tapes; W = wires; M = metallic sheath: "
j) Oil pressure.
Table| 7 gives the equations for the calculation of the positive-sequence and the |zero-
sequgnce impedance of\single-core cables without and with metallic sheath or shield earthed
at both ends. Case No;2 is valid for low-voltage systems with four equal cores (N = PEN).
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Table 7 — Equations for the positive-sequence
and the zero-sequence impedance of cables

Ca
se
No

Cable configuration

Positive-sequence and zero-sequence impedance

Cable without metallic
sheath or shield

L3 @:I:er

Lo Ko nd
5(1)_RL+Ja)2Tr[4+In7LJ

—D _LQr\'[[O_Llr\ﬂ0(1+Q!n 5 )

1a | — . L=t e A (11)
@Fo e T T
tb i
L1 | L3 d= %/dL1|_2d|_1|_3d|_2|_3 and ¢ from Equation (36) of TEC 609(09-3
Cable without metallic | Four equal single-core cables (low voltage)
gheath or shield . , to (1 d
7z =Z +Ja)—0 —+In— 12)
SN T2 T 21| 4 n
2a L3N Current return through the fourth conductor N
L1 L2 ' w/d3
Z —4R|_ +J4(0 1 +In 13)
Z(0)N 2 fL\/_
2b Current return through the“fourth conductor N and the earth|E
2
(a)’tg)ﬂa)golndJ
. . 'IT
z =7 -3 LN 14)
T(ONE =) fo i, ko1, 0
RL +o—+jo—|—+Ih—
8 2 4 n
with Z'(O) from Equation (11) and dLN =31,dL1NdL2NdL3N
Cable with metallic 2
sheath  (shield) S [a)goln j
g¢arthed at both ends ZU) _5(1) + T ’sm . (15
R +jo— #o |
21 Sm
3a Current return through sheath (shield) and earth
L3 l 27 5 2
Ho
-’I 2 ' -7 VrS d
5m Zoyse =Z(0) ~ i 5 ({16)
R +3a) +13a) 0 Inio
3b heath (Shieldj Somd
é with Z,.. from Equation (10), Z from Equation (11) and the

=1 (0)
medium radius rgy, =0,5(rg; + r55) of the sheath or the shield.

Rs

. 17
I3 2o (17)

RS+3w8 #o In °

+ jBw-—
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High-voltage cables

Case No. 3 in Table 7, with Equations (15) and (16), is valid for three single-core high-voltage
cables, for instance 64 kV/110 kV (Figure 10), with a metallic sheath or shield connected and
earthed at both ends. As well in the case of a positive-sequence current system as in the case
of a zero-sequence current system, currents are flowing through the sheaths or shields of the
three cables. In this case therefore the calculation of the reduction factor (see IEC 60909-3)
has to take care of the three sheaths (or shields), too.

Key

1

al-c

con

insy

insy

bed

met

outd

»
[
e
2
L

‘c 2087/08

bnductor, stranded

Huctor screen: semi-conducting XLPE

lation: XLPE, 18 mm

lation screen: extruded semi-conducting XLPE
Hing: semi-conducting tape

pllic sheath: lead alloy

r sheath: PE black

Figure 10 «Single-core cable 64 kV / 110 kV with lead sheath [4]2

The following Table 8a gives the data and the results calculated with Equations (15) an

of Ta
with

manu
neces

ble 7 (Case“No.3a: triangular configuration) for three high-voltage single-core ¢

acturers[4]. Table 8b deals with the flat configuration of the cables. In this cas
sary.to calculate arithmetic medium values.

d (16)
ables

lead sheath for 64/110kV (U,= 123 kV) 2XK2Y. Data are given from the

B it is

2 Figures in square brackets refer to the Bibliography.
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3x1x240...1 200 rm, Cu with lead sheath

a) in triangular configuration

Zero-sequence impedance Z(O)SE :R('O)SE :jX£0)SE in case of current return through the
sheath and the earth, /=50 Hz, p =100 Qm,

n | L | 9s |[7sm | Da | d R Rs & Equation (15) Rojse| X()sE | 1
a) | a) b) Zis =Ras t¥Xs | s | Ams d)
c) c)
mm? | [mm | mm®| mm | mm | mm | Qkm | Q/km Q/km - 3 -
240 9,3 440 (33,3 | 72 | 76,3 | 0,0754 | 0,473 0,0811+j 0,1473 6,30 1,40 0,245
300 10,3 | 460 | 349 | 74 | 78,4 | 0,0601 | 0,453 0,0657+j 0,1426 7,29 1,36 0,236
400 11,9 | 480 | 36,4 | 77 | 81,6 | 0,0470 | 0,434 0,0528+j 0,1360 8,53 1,33 0,228
500 13,8 | 520 | 376 | 80 | 84,8 | 0,0366 | 0,401 0,0430+j 0,1290 9,60 1,24 0,213
630 15,6 | 550 | 39,8 | 85 | 90,1 | 0,0283 | 0,379 0,0351+j0,4250 10,98 1,19 0,203
800 | 17,35 | 580 | 42,0 | 88 | 93.3 | 0,0221 | 0,359 0,0290+j 0,1204 12,50 1,15 0,193
1000 | 19,40 | 640 | 44,3 | 93 | 98,6 | 0,0176 | 0,326 0,0252+j 0,1167 13,06 1,06 0,177
1200 | |121,7 | 670 | 46,4 | 98 104 | 0,0151 | 0,311 0,0232+j 0,1128 13,52 1,02 0,170
a) gg|=2Trgy,ds with dg thickness of the lead sheath,
b) d #106D, in case of a triangle configuration.
c) Z( JSE according to Equation (16).
d) Reduction factor of the three sheaths of the single-core cables, see Equation (17).
b) in flat configuration
0 rum ) )
. . R X
In |48 | Tam | Da| @ R Ry @ E‘j) (®) Equ. (15) | JOSE | ZOSE] | 7y
' v | R X,
a) a) b) Z(’])S = R(1)S + JX(»] )S Ms (1s d)
c) c)
mm2 mm mm? mm mm mm Qlkm Qlkm Qlkm - - -
240 9,3 | 440 | 33,3 |72 | 178,9 | 0,0754 | 0,473 0,0990+j 0,2015 5,12 1,047 0,259
300 10,3 | 460 | 34,9 | 74 | 181,4 | 0,0601 | 0,453 0,0838+j 0,1959 5,68 1,016 0,249
400 11,9 | 480 | 36,4 | 77 | 185,2 | 0,0470 | 0,434 0,0711+j 0,1882 6,29 | 0,982 0,240
500 13,8 | 520 | 37,6 | 80 | 189,0 | 0,0366 | 0,401 0,0623+j 0,1801 6,59 | 0,911 0,224
630 15,6 | 550 | 39,8 | 85 | 195,3 | 0,0283 | 0,379 0,0547+j 0,1745 7,01 0,870 0,213
800 |17,35| 580 | 42,0 | 88 | 199,1 | 0,0221 | 0,359 0,0487+j 0,1690 7,39 | 0,836 0,203
1000 [ 19,40 | 640 | 44,3 | 93 | 205,4 | 0,0176 | 0,326 0,0461+j 0,1836 7,10 | 0,769 0,186
1200 | 21,7 | 670 | 46,4 | 98 | 211,7 | 0,0151 | 0,311 0,0443+j 0,1588 7,02 | 0,738 0,179
a) gg =2Trg,dg with dg thickness of the lead sheath.

b)

c)

d)

Z(O)SE according to Equation (16).

d=(D, +70mm)-§/§ in case of a flat configuration.

Reduction factor of the three sheaths of the single-core cables, see Equation (17).
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Medium voltage cables

Calculated results found with Equations (15) to (17) are given for single-core cables according
to the German Standards (N) with copper or aluminium (A) conductors, a cross-linked
polyethylene (XLPE) insulation (2X), a screen of copper wires and copper tape, helically
applied (S), and a polyethylene sheath (2Y). The following tables give the positive-sequence
and the zero-sequence impedance in case of current return through the shield (S) and the
earth (E) for selected cross sections of 6-/10-kV-and 12-/20-kV-cables 3x1xgq, and in

addition the reduction factor r; =|£E/3£0|, taking into account the shield of all three single-
core cables.

Table 9 — 10-kV-cables N2XS2Y

a) in friangular configuration (Table 7, Case No. 3a)

o Sf) OO L Rs | Zys =Ronys + Xns | Rosesp Xopse | |72
d) d) c) Rays X1)s
mm mm mm mm Q/km Q/km Q/km - - -
95/14 29 6,3 23,9 0,193 1,12 0,193+ 0,115, 5,29 4,80 0,48
120/1p 30 7,1 24,9 0,153 1,12 0,153#j 0,109 6,39 5,00 0,48
150/2p 32 7,95 26,9 0,124 0,714 0,424#j 0,106 5,96 2,93 0,34
185/2p 33 8,82 27,9 0,0991 0,714 0,0991+j 0,102 7,20 3,03 0,34
240/2p 36 10,05 30,9 0,0754 0,714 0,0765+j 0,099 9,13 3,11 0,34
300/2p 39 11,24 33,9 0,0601 0,714 0,0603+j 0,097 11,17 3,17 0,34
a) rST|see Table 6 .
b)d =1,05% D,

c)x =p6 Sm/mm?.

d) Data g,,, R;_ D, rgpy, accordingto 3] and [4].

b) in flat configurations(Table 7, Case No. 3b)

61;8 é))g) . ’sm R Rs g'( - Riys +iX(ns R('(IJ)SE X('(I))SE 3
d) d) c) R X
(1s (s

mm mm mm mm Q/km Q/km Q/km - - -
95/1 29 6,3 2379 67193 12 6;263+70;262 %484 2,860 6,51
120/16 30 71 24,9 0,153 1,12 0,162+j 0,196 5,79 2.87 0,51
150/25 32 7,95 26,9 0,124 0,714 0,137+j 0,189 5,28 1,72 0,36
185/25 33 8,82 27,9 0,0991 0,714 0,112+j 0,183 6,25 1,75 0,36
240/25 36 10,05 30,9 0,0754 0,714 0,0871+j 0,177 7,76 1,81 0,36
300/25 39 11,24 33,9 0,0601 0,714 0,0709+j 0,172 9.31 1,86 0,37

a) rST, see Table 6.

b) d = (D, + 70 mm) x 32 .

c) k=56 Sm/mm?.

d) Data q,,, R, D,, rgpy, according to [3] and [4].
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Table 10 — 20-kV-cables N2XS2Y

a) in triangular configuration (Table 7, Case No. 3a)

) 33) T rem | R Rs | Ziys = Rins +X(s | Rose | Xose | 7
d) d) c) R X,
(s (1s

mm’> | mm | mm | mm Q/km Q/km Q/km - - i
95/16 33 6,3 28 0,196 1,12 0,196+ 0,123 5,19 4,58 0,48
120/1p 34 71 29 0,156 112 0,156+ 0,117 6.25 276 49
150/2p 36 | 7,95 31 0,129 0,714 0,129+j 0,114 5,76 2,84 d,34
185/2p 38 | 882 33 0,104 0,714 0,104+j 0,111 6,89 2,90 d,34
240/2p 40 | 10,05 35 0,081 0,714 0,0812+j 0,106 8,55 3,00 d,34
300/2b 43 | 11,24 38 0,0662 0,714 0,0664+j 0,103 10,22 3,07 d,34

a) rST,|see Table 6.

b)d =[,05x D, .

c) k5956 Sm/mm?.

d) Datp ¢, R A, remy according to [3] and [4].

b) in flat configuration (Table 7, Case No. 3b)
an 53) Tolsm | R Rs | Zis =Rins +iX(ys | Rojse | Xopse | |3

d) d) c) R X,
(s (s

mmf mm mm mm Q/km Q/km Q/km - - -
95/14 33 6,3 28 0,196 1,12 0,204+ 0,206 4,79 2,81 4,51
120/1p 34 7.1 29 0,156 1,12 0,164+j 0,199 5,73 2,88 d,52
150/2p 36 | 7,95 31 0,129 0,714 0,141+j 0,193 5,18 1,74 d,36
185/2p 38 | 882 33 0,104 0,714 0,115+j 0,188 6,11 1,77 q,37
240/26 40 | 10,05 35 0,081 0,714 0,091+ 0,181 7,43 1,82 q,37
300/2b 43 | A%24 38 0,0662 0,714 0,0757+j 0,174 8,75 1,87 q,37

a) rST,|see Table 6.

b) d = (D, +70.mm) x 32 .

¢) kK 4 56Sm/mm?.

d) Data ¢, R|'_, Ay, ¥g, according to [3] and [4].
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Low-voltage cables

Results for Case No. 2a in Table 7 are given as an example in Table 11 in the case of four
low-voltage (0,6/1 kV) single-core cables NYY 4x 1x ¢,

Table 11 — Positive-sequence and zero-sequence impedance of four low-voltage
single-core cables NYY 4x1x ¢,... (Case No. 2a in Table 7)

with
R(IO)N R£1)N, X(IO)N/X£1)N in case of current return through the fourth conductoroN and
R(VO)N] /R('1)N1 X£0)NE/X(I1)N in case of current return through the fourth conductor'N and the
earth
Cross|section | L | R| | Da | 8@ Eavation (12)| Row | Xow | Rk | Xowe || 7
7 0) | Zw =R+ iXan| Raw | XonG-Ran | Xow
a) c) G) d) d) e)
mm? mm | Qkm | mm Q/km - : - - -
4x1x[10r 1,78 | 1,83 12 1,830+j0,143 4 4 1,41 13,02 |]0,89
ax1x[16r 2,26 | 1,15 13 1,150+j0,133 4 4 1,77 11,59 |]0,79
4x1x[25rST (3,24 | 0,727 | 15 0,727+j0,119 4 4 2,22 9,62 0,66
4x1x[35rST (3,82 | 0,524 | 16 0,524+j0,118 4 4 2,55 7,88 0,55
4x1x[50 rST (4,54 | 0,382 | 18 0,387+j0,110 4 4 2,78 6,42 0,45
4x1x[70rST (5,40 | 0,268 | 19 0,268+j0,102 4 4 3,01 5,27 0,34
4x1x[95rST (6,30 | 0,193 | 21 0,193+j0,099 4 4 3,13 4,56 0,27
4x1x[120 rST (7,10 | 0,153 | 23 0,153+j0,097 4 4 3,19 4,23 0,23
4x1%]150 rST |7,95 | 0,124 | .26 0,124+j0,097 4 4 3,22 4.01 0,21
4x1x[185rST (8,80 | 0,0991 | 28 0,099+j0,096 4 4 3,25 3,87 0,18
4% 1x[240 rST [10,05\\0,0754 | 31 0,075+j0,094 4 4 3,28 3,77 0,16
4% 1x[300 rST (T4,25| 0,0601 | 33 0,060+j0,091 4 4 3,32 3,72 0,15
a) Seq Table 6;
b) D4 E Pyfnax. Outer diameter of the single-core cable, d =d| N = Q/EDa .

c) Z(IO)N according to Equation (13).

d) Z(IO)NE according to Equation (14).
e) See Equation (21).

The results R('O)NE/R£1)N, X('O)NE/X('”N given in Table 11, are valid for an earth penetration
depth of 6 = 931 m and a cable length of at least 1_000 m. In case of short cables
(I <1000 m = ¢) the results, R('O)NE/R£1)N,X('O)NE/X('1)N are smaller than those given in

Table 11. In this case J should be replaced by the expression dg :(2/e)lCe_lC/(e5) with /s as

the cable length ( Ic< ¢) and e = 2,718 and aug /8 should be replaced by 0,75(axg /8)dg /6
[2] and [5].
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Low-voltage cable according to German Standards (N) [3]:

Type

A:

Cable with copper or aluminium (A) conductors

(example: four-core cable),

insulation of thermoplastic material based on PVC (Y) and a protective
covering in the form of a sheath of thermoplastic material based on
PVC (Y): N(A)YY

: ' g (1 d)

Four-

Curre

Curre

Redu

core cable N(A)YY:

nt return through the fourth conductor N (with full cross section):

nt return through the fourth conductor N and the eafthE:

=z . H el 1 2[4 1 1
ZON - RC T, ZT"IZJ with— =323 (18)

"R v a4
Zioy = 4R+ {4022 [4 +In " ]_ 4Z (19)

5 2
(wﬂoﬂ-wﬂomj
4 -3

- - Mo . Mo | 1 8 2m d
VA =R +3w—+jw=—=-| —+3In (20)
=(ONE ~ 7L 8 om | 4 2 .
T ?\)/’Ld R+t +jut0 Tinl
8 2w 4 n
ption factor (Current through earth: 7 :53£(0), see |[EC 60909-3):
0 0 il
r= 1— 8 21 d (21)

R|'_+a)&+ja)'u—0 1+In£
8 2| 4 n
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Table 12 — Low-voltage cable NYY

a) with four copper conductors

an " R | ds | 4 | Dy 7 Row | XN | RoNE| X(ONE | 7
a) ) | o | D] e —(n Raw | X | Row | X
mm? mm Q/km | mm [ mm | mm Q/km - - - - -
4x10r 1,78 1,83 1,0 6,3 20 1,830+j0,0951 4 4 1,46 | 20,07 0.89
4x16r 2,26 1,15 1,0 7,3 22 1,150+j0,0894 4 4 1,85 17,30 0.79
4x 25 ST 3,24 0,727 1,2 10,2 28 0,727+j0,0878 4 4 2,33 12,75 0.66
4% 35 $ST 3,82 0,524 1,2 11.5 26 0,524+j0,0850 4 4 2,66 (9,94 0.54
4x50 $ST 4,54 0,387 1,4 13,6 30 0,387+j0,0846 4 4 2,91 7,66 0.44
4x70 $ST 5,40 0,268 1,4 15,6 33 0,268+j0,0824 4 4 312 |5,89 0.36
4% 95 $ST 6,30 0,193 1,6 18.1 38 0,193+j0,0820 4 4 3,24 |4,89 0.26
4x120JsST 7,10 0,153 1,6 19,9 42 0,153+j0,0805 4 4 3,29 |4,48 0.22
4x150[sST 7,95 0,124 1,8 22,3 46 0,124+j0,0805 4 4 3,32 [4,20 0.19
4x185|sST 8,80 0,0991 2,0 24,6 53 0,0991+j0,0803 4 4 3,35 |[4,01 0.17
4240 IZST 10,05 | 0,0754 | 2,2 27,9 59 0,0754+j0,0799 4 4 3,37 | 3,86 0.15
4x300[sST 11.25 | 0,0601 2,4 31,2 65 0,0601+j0,0298 4 4 3,38 | 3,79 0.14
a) See Thble 6.
b) Resisfance at 20 °C.
c¢) Thickrless of insulation.
d) d =§di 112 dLadios
e) Outer diameter of the four-core cable.
b) with four aluminium conductors
an " R D, ZanN Row | X, (IO)N R(IO)NE X éO)NE r
? ) Raw | Xow | Row | X
mmf mm A{5Q/Kkm | mm mm Q/km - - - - -
4% 38¢r 3:34>| 0,868 10,2 28 0,868+j 0,0859 4 4 2,13 14,87 0,72
4% 5Qr 4,00 0,641 12,0 30 0,641+j 0,0847 4 4 2,45 11,85 0,62
4X 70r 42 07443 436 4 0;443+-0;6822 4 4 2,84 ;86 0,49
4% 95r 5,50 | 0,320 15,8 38 0,320+j 0,0820 4 4 3,03 6,72 0,39
4X 120r 6,18 | 0,253 17,3 42 0,253+j 0,0804 4 4 3,15 5,75 0,32
4X 150r 6,91 0,206 19,3 46 0,206+j 0,0802 4 4 3,22 5,10 0,28
4% 185r 7,67 | 0,164 | 21,5 50 0,164+j 0,0805 4 4 3,27 4,59 0,23

a) Resistance at 20 °C.

b) d =§/dL1|_2 d 13d1213 -

c) Outer diameter of the four-core cable.
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Three-and-a-half-core cable NYY:

Zn =R +jw§—1‘3r(%+ln%} [see Equation (18)] (22)

Current return through the fourth conductor N (with reduced cross section):

. \ . Jas _
Z(O)N = RL +3RN + ] o (1+4In%} with dLN = 31,dL1NdL2NdL3N (23)

211 .
\ VLN NG )
Currept return through the fourth conductor N (with reduced cross section) and the|earth(E:
2
. 0
. ol oo
. , . I
Zyne = RL+305% + j0 0| 4 3In -3 LN (24)
—=(0) 8 2m| 4 %/ 42 . o 5w (1 o
L RN+ o——Fjo—| —+In—
8 2| 4 N
Reduc¢tion factor:
a)!go +ja)—§0 In—d
2\
r=1- LN 5 (25)
Ry+ 00 G0 1in
8 2w\ 4 N
Table 13 — Low-voltage cable-NYY with three and a half copper conductors
- - 4 Zan Ron | Xon | Rone | Xone| |
dn 9 R ™ Ry . . ; 1%
Ran | XN | RN (N
mm? mm | Qkm ["mm | Qkm | mm Q/km - - - - -
3x25/14 324 | 0,727 2,26 1,15 | 9,93 | 0,727+ 0.086 5,75 4,79 2,29 17,67 | | 0,79
3x35/1§ 3,82 |,0,524 | 2,26 1,15 | 11,0 | 0,524+ 0,082 7,58 5,21 2,76 18,42 | | 0,79
3x50/24 454.1)0,387 | 3,24 | 0,727 | 13,2 | 0,387+ 0,083 6,64 4,77 3,39 13,47 | | 0,66
3x70/34 540 | 0,268 | 3,34 | 0,524 | 15,0 | 0,268+ 0,080 6,87 5,14 4,07 10,72 | | 0,54
3% 95/5( 6,30 | 0,193 | 4,00 | 0,387 | 17,4 | 0,193+ 0,080 7,02 5,08 4,61 8,44 0,44
3x120/70 | 7,10 | 0,153 | 540 | 0,268 | 19,3 | 0,153+ 0,079 6,26 4,66 4,58 6,42 0,34
3x150/70 | 7,95 | 0,124 | 540 | 0,268 | 21.2 | 0,124+j0,078 7,48 4,94 5,35 6,61 0,34
3x185/95 | 8,80 | 0,0991 | 6,30 | 0,193 | 23,7 | 0,099+j0,078 6,84 4,81 5,15 5,51 0,27
3x240/120 | 10,05 | 0,0754 | 7,10 | 0,153 | 26,7 | 0,075+ 0,077 7,09 4,85 5,42 5,12 0,23
3x300/150 | 11,25 | 0,0601 | 7,90 | 0,124 | 29,8 | 0,060+ 0,077 7,19 4,87 5,55 4,86 0,21
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Type B:

Cable with four or three copper or aluminium (A) conductors, insulation
of thermoplastic material based on PVC (Y), concentric copper
conductor, helically applied (CW), and a sheath of thermoplastic
material based on PVC (Y): N(A)YCWY

Cablqg with four conductors NYCWY:

' Mo (1 nd i
Zins = =R +jotY oo (4 +In . j [(see Equation (18)] (26)

Currept return through the fourth conductor N and the concentric.copper conductor S:

Ho

1 d 1 d RS+Ja)2 d
Z(O)N< =R|'_+jw& —+3In——=N_ |4+3 R +Ja)'u0 2N ™ dnN
1 RN+RS+ja)2Tr 4+1n7

N

(27)
with the medium radius rgmy, = 05(rs, +75;) -

The clrrent distribution is:

Rs +Ja)§° lndsm RN+Ja) 1n(4+1nd'-Nj

T LN N

I =3£(0)' ' ' 1 T and Ls =3£(0) ' 1 Iz
Ry+RsGjo™0| 2 41 /Sm Ry+Rs +jo0| " +1n'Sm
2m\ 4 N 2w\ 4 N

Currept return—-through the fourth conductor N, the concentric copper conductor S ard the
earth [E:

' z WA +Z 23,-272 Z Z.
Z(oNSE =R +300 + jo Lt diam—d |- 1 An4S LN ~4Z NZ1S£NS (28)
8 2| 4 %/mdz 3 ZNZS _ZNS
with
=N B o7 N = 8 U 2m rem
I | Ho 90 ' ' Ho
z =Z _3“’ +PBo—In——7: Z =2z, —3a) +j830 5% In—=—
Z1123N T ZL 8 J o dLN Z| 1935 8 j - rsm
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Z'NS=a)’u0 +ja;’u0 In J
- 8 21 Sm

Reduction factor:

] INZis+tZsZIN~2Ns (ZLN +ZLS)
r=1-—.

—_— Al Al V2

3 ZNZs —ZNs

(29)

Table 14 gives the results found with Equations (26) to (29) for cables NYCWY with four equal
condyctors. The data 7, R|'_, N =1, R,'\, = R|'_ and d =d are the same as in Table 12a.

Table 14 — Low-voltage cable NYCWY with four copper conductors

. ' R(IO)NS X éO)NS RéO)NSE X éO)NSE
n D, | rsm | Rs Z(ns . ; : - r
2 b) o (see Table Riyns | X(ns | R@EiNs X(1)Ns
12a)
mm? mm [ mm | Q/km Q/km - s - - -
4% 25\16rST 30 | 132 | 112 0,727+ 0,0878 2,82 219 2,23 7,90 0,50
4% 35016 sST 29 | 127 | 112 0,524+j0,0850 3,05 2,41 2,48 6,51 0,42
4% 50b5 ST 34 | 150 | 0714 | 0,387+0,0846 2196 2,28 2,57 4,60 0,32
4X 70435 sST 38 | 16,9 | 0,510 | 0,268+0,0824 3,01 2,30 2,69 3,54 0,24
4% 95050 sST 43 | 192 | 0357 | 0,193+0,0820 3,02 2,25 2,76 2,92 0,18
4% 120/70 sST 47 | 211 | 0255 | 0,153+0;0805 2,99 2,15 2,77 2,56 0,15
4% 150/70 sST 51 | 229 | 0255 | 0,124%0,0802 3,19 2,31 2,94 2,61 0,14
4% 18$/95 sST 57 | 257 | 0,188 | 0,0991+0,0803 | 3,22 2,21 2,99 2,40 0,11
4% 2401120 sST | 64 | 290 | 0,149  [~0,0754+j0,0799 | 342 2,19 3,18 2,30 0,10

NOTE| Thedata 1, Rll_, N =10, R,'\‘ = Rll_ and d are given in Table 12a.
a) See|Table 6.

b) rgm = 0,5(1”8a + I’Si).
c) kg |=56 Sm/mm?

Cablg with“three conductors N(A)YCWY:

' Ho ;
Z(1) = RL +jo— o L4 +In— o J [(see Equation (18)] (30)

Current return through the concentric copper conductor (shield S):
—RL+3RS+ja) +3In ’Sm (31)
3/

with the medium radius of the shield or sheath rgy, =0,5(rg4 +75i) -

Zoys

Current return through the concentric copper conductor (shield S) and the earth E:
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2
. )
1 ; [w/;oﬂwgomj
. . . m 7
Z =R +3020 1 jp 0| _ 4 3in -3 Sm (32)
—(0)SE 8 2m | 4 3 g2 ' Mo . Ho O
nd Rg+ 0= +jo=In——
8 21T Sm
. Rs
Reduction factor: r= 5 (33)
Rg +w&+j(o’u—oln—
8 21 sSm
Table 15 — Low-voltage cable NYCWY
a) with three copper conductors
n n Ry Sm | Rg d Zays Ros | Xos |-Roise | Xosg | r
a) b) c) d) e) Equation (30) | Ry | X (s Riys Xs
mm? mm Q/km | mm | Q/km | mm Q/km - - - - -
3% 25rST/16 3,24 0727 | 116 | 1,12 | 911 0,727+ 0,0807 | 562~ 1,56 2,39 19,26 | 0,82
3% 35sST/16 3,82 0524 | 11,1 | 1,12 | 10,3 | 0,524+0,0780 .7.41 | 1,18 2,93 19,50( | 0,82
3x 50sST/25 4,54 0,387 | 129 | 0,714 | 122 | 0,387+0,0778 | 6,53 | 1,14 3,73 13,96 | 0,69
3% 70sST/38 5,40 0,268 | 150 | 0,510 | 13,8 | 0,268+00747 | 6,71 | 1,21 4,66 10,34 | 0,57
3% 95sST50 6,30 0,193 | 17,3 | 0,357 | 16,1 0,193%'0,0747 | 6,55 | 1,18 5,28 6,71| | 0,45
3x120sST/40 | 7,10 0,153 | 18,2 | 0,255 | 17,7 | (0;153+j0,0731 6,00 | 1,07 5,30 434] | 0,34
3x150sST/{0 | 7,95 0,124 | 20,6 | 0,255 | 19,9 [\0,124+j0,0734 | 717 | 1,10 6,29 437| | 0,35
3x185sST/45 | 8,80 | 0,09091 | 22,9 | 0,188 |.22:0°| 0,0991+0,0733 | 6,69 | 1,10 6,18 3,03 | 0,27
3x240sST/{20 | 10,05 | 0,0754 | 257 | 0,149 _["24,8 | 0,0754+j0,0725 | 6,93 | 1,09 6,56 2,37 | 0,22
3x300sST/{50 | 11,25 | 0,0601 | 285 | 0119 | 27,8 | 0,0601+0,0725 | 6,94 | 1,06 6,68 1.91| | 0,18
a) See Tablg 12a.
b) See Tabld 12a.
C)."sm = OS(FSa + ’”Si)
d) Kg = 56 |Sm/mm? .
&) d =3d\od\ 113d1 213\
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In | R |"m| R | d Ziys Roys | Xos | Rose | XopsE | -
a) b) c) d) 3 | Equation (30) R£1)3 X%1)S R£1)S X(I1)S

mm’ mm | Qkm | mm | Qkm | mm Q/km - - - - -
3x50s/50 4,00 0,641 12,3 | 0,357 | 10,7 0,641+ 0,0775 2,67 1,34 2,31 6,59 0,44
3X70s/70 4,72 0,443 13,7 | 0,255 | 12,1 0,443+j 0,0749 2,73 1,31 2,50 4,45 0,33
3% 95s/95 5,50 0,320 15,8 | 0,188 | 14,1 0,320+j 0,0749 2,76 1,29 2,62 3,12 0,26
3x120s/120 6,18 0,253 17,2 | 0,149 | 154 0,253+j 0,0731 2,77 1,29 2,66 2,51 0,21
3% 150s/1$0 6,91 0,206 19,0 | 0,119 | 17,3 0,206+ 0,0734 2,73 1,24 2,66 2,05 0,17
3x 185s/185 7,67 0,164 20,0 | 0,0965 | 19,2 0,164+ 0,0734 2,77 1,11 2,71 1,62 0,14

a) See Talhjle 12b.
b) See Talhjle 12b.

C) 'sm = 3'5(’”83 ‘H”Si)-

d) kg =946 Sm/mm~.

2

e) d =Jq12d 113d 1213 -

Equations (30) to (33) are valid for.the positive-sequence, the zero-sequence impedand
the relduction factor as for cables\of type B with three conductors. Cables N(A)KLEY arg

Belted cable with three copper or aluminium (A) conductors, a
impregnated paper insulation for conductors (and belt), a smooth
extruded aluminium sheath (KL), protective covering with an emb

layer of elastomer tape or plastic film (E) and a sheath of thermoy

material based on RVC (Y): N(A)KLEY

in former times for local networks. The aluminium sheath then was applied as a n
condyctor N or PEN [3].

Type |D:

Cable with four (or three and a half) copper or aluminium (A)

conductors, a mass-impregnated paper insulation for conductorg

belt), lead sheath (K) with steel tape armouring (B) and an outer
serving of fibrous material (A): N(A)KBA

nass-

pdded
lastic

e and
used
eutral

(and

These cables are used in former times in low-voltage distribution networks, if the additional
earthing by the lead-sheath was necessary [3].

Calculation of the positive-sequence, the zero-sequence impedance and the reduction factor
is possible, when neglecting the steel tape armouring, with Equations (26) to (29) in case of
four (or three and a half) conductors respectively Equations (30) to (33) in case of four
conductors.

The reduction factor in case of a lead sheath and the armouring with at least two overlapping
steel tapes is found by measurement [3]. The results published in [3] are given in the Figures
11 and 12 for information.
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Figure 11 — Reduction factor depending on the inducing current for cables with ¢ne

lead sheath and two overlapping steel tapes, f= 50 Hz [3]
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Figure 12 — Reduction factor depending on the inducing current for cables with three
lead sheaths and two overlapping steel tapes, /= 50 Hz [3]

2.6

Data of typical asynchronous motors

The ratio locked-rotor current to rated current I,g/I is different for low- and medium-

voltage motors. For low-voltage motors the average value is approximately 6,7 in the range 2
kW to 300 kW per pair of poles. The average value for medium-voltage motors is

approximately 5,5 in the range 30 kW to 6 MW per pair of poles.

In Table 16 actual data of asynchronous motors are given.
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Table 16 — Actual data of typical asynchronous motors

No. | Rated | Rated | Rated Power | Efficien | Ratio | Rotation | Number of | DC Time Country
power | voltage |current| factor cy speed pair of |constant
(rated) Irp poles
Bm | Um | I | COS@uy T N Inc
M ™M p
kW kV A - - - 1/min - s
45 0,38 80 0,89 0,92 7,14 2950 1 - Bulgaria
2 200 0,38 370 cos g X 7pm = 0,82 6,4 - 2 0,013 ex-
Czechoslovakia
3 250 60 29 089 094 53 2973 1 005 Germany
4 500 6,0 62 0,83 0,94283 5,8 741 4 0,053 GRP
5 1000 6,0 121 0,85 0,985 5,0 590 5 0,031 ex-U$SR
6 3150 6,0 380 coS gy X 7ym = 0,80 5,2 - 6 0,064 ex
Czechos|ovakia
6 000 6,0 660 0,90 0,972 55 1490 2 5 Italy
315 6,0 36,5 0,88 0,942 6,2 1794 2 - Norway,|60 Hz
6 000 6,6 595 0,91 0,969 4,5 1776 2 0,055 Japan, p0 Hz
10 |[9 698 6,6 963 0,917 0,961 6,23 1190 3 0,0968 USA, 40 Hz

In Figure 13 the ratio / g/Iyyand in Figure 14 the product” cos gy x 7 of power factqr and
efficigncy is plotted as a function of the active power per/pair of poles By /p.
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