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Foreword

This Technical Report was prepared by CENELEC Technical Committee 64, Electrical installations and
protection against electric shock.

The text of the draft was circulated for voting in accordance with the Internal Regulations, Part 2,
Subclause 11.4.3.3 (simple majority) and was approved by CENELEC as CLC/TR 50480 on
2011-01-13.

This Technical Report supersedes R064-003:1998.

Attention is drawn to the possibility that some of the elements of this document may be the subject of
patent rights. CEN and CENELEC shall not be held responsible for identifying any or all such patent
rights.
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Introduction

The harmonised rules for the erection of electrical low voltage installations, HD 384/HD 60364, require
selection, dimensioning and calculation for the components of an electrical installation.

In complex installations long and detailed calculations may be needed. The rules of HD 384/HD 60364
give the basic principles without the details necessary for an accurate application.

Computers with appropriate software enable the applicable rules for the determination of conductor
cross-section area and selection of protective devices to be applied readily.

It is important that the results of such software programs are in accordance with the harmonised rules.

Therefore this Technical Report defines the different reference parameters necessary for the
calculation of the cross-sectional area of the conductors and for the selection of the protective devices.
It also gives the reference methods for calculation according to the different safety rules defined in the
Harmonisation Documents of the series HD 384/HD 60364.
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1 Scope

This Technical Report applies to low-voltage installations with a nominal system frequency of 50 Hz in
which the circuits consist of insulated conductors, cables or busbar trunking systems.

It defines the different parameters used for the calculation of the characteristics of electrical wiring
systems in order to comply with rules of HD 384/HD 60364.

These rules are mainly the following:
- current-carrying capacities of the conductors;
- characteristics of protective devices in regard to protection against overcurrent;
- verification of thermal stress in conductors due to short-circuit current or earth fault current;
- fault protection (protection against indirect contact) in TN systems and IT systems;
- limitation of voltage drop;

- verification of mechanical stresses during short-circuit in busbar trunking systems (BTS)
according to EN 60439-2 or powertrack systems according to EN 61534 series.

The calculations provided in this Technical Report are only applicable where the characteristics of the
circuits are known.

For the purpose of this document, when referring to Busbar Trunking Systems, Powertrack Systems
are also considered.

NOTE 1 Mechanical stress during short-circuit is covered by IEC 60865.

NOTE 2 In general these calculations concern supply by HV/LV transformer, but they are also applicable to supply
by LV/LV transformer and LV back-up generators.

NOTE 3 Effects of harmonics currents are not covered by this document.

This Technical Report is also applicable for checking the compliance of the results of calculations
performed by software programs for calculation of cross-sectional area of insulated conductors, cross-
sectional area of cables and characteristics for selection of busbar trunking systems with
HD 384/HD 60364.
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2 Reference documents

The following referenced documents are indispensable for the application of this document. For dated
references, only the edition cited applies. For undated references, the latest edition of the referenced
document (including any amendments) applies.

EN 60076 series Power transformers (IEC 60076 series)

EN 60228 Conductors of insulated cables (IEC 60228)

EN 60269 series Low voltage fuses (IEC 60269 series)

EN 60269-1 Low-voltage fuses - Part 1: General requirements (IEC 60269-1)

HD 60269-2 Low-voltage fuses - Part 2: Supplementary requirements for fuses for use

by authorized persons (fuses mainly for industrial application) - Examples
of standardized systems of fuses A to J (IEC 60269-2)

HD 60269-3 Low-voltage fuses - Part 3: Supplementary requirements for fuses for use
by unskilled persons (fuses mainly for household or similar applications) -
Examples of standardized systems of fuses A to F (IEC 60269-3)

EN 60439-1 1999 Low-voltage switchgear and controlgear assemblies - Part 1: Type-tested
and partially type-tested assemblies (IEC 60439-1:1999)

EN 60439-2 2000 Low-voltage switchgear and controlgear assemblies - Part 2: Particular
requirements for busbar trunking systems (busways) (IEC 60439-2:2000)

EN 60898 series Electrical accessories - Circuit-breakers for overcurrent protection for
household and similar installations (IEC 60898 series)

EN 60947-2 Low-voltage switchgear and controlgear - Part 2: Circuit-breakers
(IEC 60947-2)

EN 61439-1 2009 Low-voltage switchgear and controlgear assemblies - Part 1: General rules
(IEC 61439-1:2009, mod.)

EN 61534 series Powertrack systems (IEC 61534 series)

HD 384/HD 60364 series Low-voltage electrical installations (IEC 60364 series)

HD 60364-4-41 2007 Low-voltage electrical installations - Part 4-41: Protection for safety -
Protection against electric shock (IEC 60364-4-41:2005, mod.)

HD 60364-4-43 2010 Low-voltage electrical installations - Part 4-43: Protection for safety -
Protection against overcurrent (IEC 60364-4-43:2008, mod. + corrigendum
October 2008)

HD 60364-5-52, 2010 Low-voltage electrical installations - Part 5-52: Selection and erection of
electrical equipment - Wiring systems (IEC 60364-5-52:2009, mod. )

HD 384-5-54 Electrical installation of buildings - Part 5: Selection and erection of
electrical equipment - Chapter 54: Earthing arrangements and protective
conductors (IEC 60364-5-54)

IEC 60909 series Short-circuit currents in three-phase a.c. systems (IEC 60909 series)
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3  Symbols

In this Technical Report, the following symbols are used:

L Current ensuring effective operation in conventional time of the protective device and
generally given in the product standard, [A]

Iy Design current of the circuit being considered, [AJ(IEV 826-11-10)

I Earth fault current, [kA]

1, Nominal current of the protective device (fuse rating or breaker setting), [A]

I Rated current of busbar trunking system, at an ambient temperature of 30 °C,[A]

1, Maximum peak value of highest short-circuit current,[kA]

I;Q Initial symmetrical short-circuit current at the feeder connection point Q [KA]

I Steady state short-circuit current for a line-to-neutral short circuit [kA]

Lo Steady state short-circuit current for a line-to-line short circuit [kA]

I3 Steady state short-circuit current for a three line short circuit [kA]

NOTE 1 In some cases the I can be higher than the Ix3 (e.g. at the terminals of the delta-star transformer).

I Continuous current-carrying capacity of cable, insulated conductors or busbar

trunking system as applied in a circuit [A]

( 102 “ty) Thermal stress capacity of line, neutral or PE (PEN) conductor given in general for one
second, [A%s], (IEV 447-07-17)

(I, -t.) Thermal stress capacity of line, neutral or PE (PEN) conductor given in general for one
second for busbar trunking systems, [A2s], (EN 60439-2, 4.3)

A Route length (insulated conductors and cables), [m], subscript u: upstream
subscript d: downstream

b Length of BTS (Busbar Trunking System), [m] subscript u: upstream
subscript d: downstream

Rc Resistance of the conductor between the transformer and the main switchboard [m<]

Reiph Resistance of line conductor per metre, consisting of insulated conductor or cable, at
steady-state operating temperature, [m(Q)/m]

R~ Resistance of neutral conductor per metre, consisting of insulated conductor or cable, at
steady-state operating temperature, [m(Q)/m]

R pE Resistance of protective earthing conductor per metre, consisting of insulated conductor
or cable, at steady-state operating temperature, [m(/m]

Ry Resistance of the neutral conductor upstream of the circuit being considered,
RN = aneutral ’ [m'Q]

Rpg Resistance of the protective conductor from the main equipotential bonding to the origin of

the circuit being considered,

RPE = ZRprotectiveconductor ’ [mg]

Rpen Resistance of the PEN conductor from the main equipotential bonding to the origin of the
circuit being considered,

RPEN = ZRPEN conductor [mg]
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Ro Resistance of the HV network, [mQ)]
Rgup Resistance of the LV upstream network, [m<J]
Ry Resistance of the transformer, [m£]
Ry ph Mean ohmic resistance of BTS (BusbarTrunking System) per meter, per line, at 20 °C,

[mQ/ m]
Ryi ph Mean ohmic resistance of BTS per meter, per line, at rated current |, at the steady-state

operating temperature, [/ m]
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Symbols used for resistances in the context of short-circuits in busbar trunking systems

Y

A
. - 7
A\

N Ruxph Three-line short-circuit

Y

Y

3 Ruxph ph Line to line short-circuit

N between L1 and L2, note may
PE be between any two lines

1 > A

2

3

N < v Ruxph-n Line to neutral short-circuit
PE between L1 and N

1 > A

2

3

N Ruxph-pE fault between L1 and PE
PE < v

NOTE 2 The value of x depends on the circuit configuration and on the type of protective device, see Table 5.

NOTE 3 For busbar trunking systems the subscript ph is used in order to align with the symbols used in

EN 60439-2.

Ry Resistive term of mean line-line, line-neutral or line-PE (-PEN) BTS loop impedance per
metre, at 20 °C, [mQ2/ m]

Ry, Resistive term of mean line-line, line-neutral or line-PE (-PEN) BTS loop impedance per
metre, at rated current |, at the steady-state operating temperature, [m2/ m]

Ry» Resistive term of mean line-line, line-neutral or line-PE (-PEN) BTS loop impedance per
metre, at the mean temperature between the operating temperature at rated current Inc, and
the maximum temperature under short-circuit conditions, [m£2/ m]

Rsup Resistance from the LV side of the upstream network (LV + MV) upstream the main

switchboard, [m42] D t
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Ry Resistance of line conductors upstream of the circuit being considered up to the main
switchboard
R, =D Ry..[maJ
S Cross-sectional area of conductors, [mm?]
SN Cross-sectional area of neutral conductor, [mm?]
SpE Cross-sectional area of protective conductor, [mm?]
SPEN Cross-sectional area of PEN conductor, [mm?]
Sko Short-circuit power of the high-voltage network, [kVA]
SIZQ Initial symmetrical short-circuit power of the high-voltage network, [kVA]
S Rated apparent power of a generator [kVA]
Sim Rated apparent power of the motor, [kVA]
Sit Rated apparent power of the transformer [kVA]
Soh Cross-sectional area of line conductor, [mm?]
t, Rated transformation ratio at which the on-load tap-changer is in the main position
U, Line to neutral nominal voltage of the installation, [V]
U, Line to line nominal voltage of the installation, [V]
U Nominal system voltage at the feeder connection point Q (HV side), [V]
Unr Rated voltage of the transformer on the low voltage side, [V]
Xc Reactance of the conductor between the transformer and the main switch board [m<J]
Xcph Reactance of line conductor per metre, consisting of insulated conductor or cable, [m{/m]
X Transient reactance on direct axis [mQ]
X'q Transient reactance on direct axis [%]
XN Reactance of the neutral conductor upstream of the circuit being considered,
Xy =D Xoawrar M
Xo Zero-sequence reactance [mQ]
X0 Zero-sequence reactance [%]
Xpe Reactance of the protective conductor from the main equipotential bonding to the origin of

the circuit being considered,

XPE = Z Xprotective conductor ![mQ]

Xpen Reactance of the PEN conductor from the main equipotential bonding to the origin of the
circuit being considered,

XPEN = Z XPEN conductor 7 [mQ]

Xo Reactance of the HV network, [m£2]

Xsup Reactance from the LV side of the upstream network (LV + MV) upstream the main
switchboard, [mQ]

Xr Reactance of the transformer, [m£2]

X Reactance term of mean line-line, line-neutral or line-PE (-PEN) BTS loop impedance per

metre, [mQ2/ m]

Xo ph Mean reactance of BTS line conductor, per meter, [m2/ m]
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Xu Reactance of line conductors upstream of the circuit being considered up to the main
switchboard,

XU: zXline ’ [mQ]

Zc Impedance of the conductor between the transformer or the generator and the main
switch board [m<]

Zg Impedance of the generator [m£2]

Zq Impedance of the HV supplier network, [m£]

Z 0 = /Ré +X é

Zo Positive-sequence equivalent short circuit impedance referred to the low-voltage side of

the transformer

Zsup Impedance from the LV side of the upstream network (LV + MV) upstream the main
switchboard, [mQ]

ZrImpedance of the transformer, [m£2]

Z, =R+ X7,

Zy Impedance of line conductors upstream of the circuit being considered up to the main
switchboard, [mQ]

Z, = \/(z Rl%ne +z X;ne)

NOTE These impedances are shown in Fig 1

¢ Voltage factor according to IEC 60909

ny Number of neutral conductors in parallel

npg Number of protective conductors in parallel

1pEN Number of PEN conductors in parallel

Hph Number of line conductors in parallel

X Reactance per metre of conductors, [m£2/ m]

£o Resistivity of conductors at 20 °C, [m{Q2mm?/ m]

P Resistivity of conductors at the maximum permissible steady-state operating temperature,
[me-mm?/ m]

o) Resistivity of conductors at the mean temperature between steady-state temperature and

final short-circuit temperature, [mQ2-mm?/ m]

o Resistivity of separate PE conductors at the mean temperature between ambient and final
short-circuit temperature, [mQ2-mm?/ m]

7] Temperature, [°C]
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Figure 1 — Examples of installation configurations and impedances used in this document

4 Parameters

4.1 General

Table 1 - Resistivity at 20 °C in accordance with IEC 60909, in mQ-mm?/ m

Copper Aluminium

2 18,51 29,41

NOTE 1 For the conductor resistances when dealing with cables, Annex A may also be used.
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