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FOREWORD

This Malaysian Standard was developed by the Technical Committee on Power Quality under
the authority of the Industry Standards Committee on Generation, Transmission and
Distribution of Energy.

This Malaysian Standard is technically identical with IEC/TR 60725:2005, Consideration of
reference impedances and public supply network impedances for use in determining
disturbance characteristics of electrical equipment having a rated current < 75 A per phase,
published by the International Electrotechnical Commission (IEC).

This Malaysian Standard has been redrafted in order to provide a structure consistent with
that of other Malaysian Standards.

Compliance with a Malaysian Standard does not of itself confer immunity from legal
obligations.

iv © STANDARDS MALAYSIA 2011 - All rights reserved
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Consideration of reference impedances and public supply network
impedances for use in determining disturbance characteristics of
electrical equipment having a rated current < 75 A per phase

1 Scope

This Malaysian Standard gives the information that was available and the factors that were
taken into account in arriving at the reference impedances that were formerly incorporated in
IEC 60555, but which are now incorporated into some sections of IEC 61000-3.

In addition, information is given on the impedances of public supply networks associated with
service current capacities 2 100 A per phase.

2 Normative references

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

IEC 61000-3-3, Electromagnetic compatibility (EMC) - Part 3: Limits - Section 3: Limitation of
voltage fluctuations and flicker in low-voltage supply systems for equipment with rated current
<16 A

IEC 61000-3-11, Electromagnetic compatibility (EMC) - Part 3-11: Limits - Limitation of
voltage changes, voltage fluctuations and flicker in public low-voltage supply systems -
Equipment with rated current < 75 A and subject to conditional connection

IEC 61000-3-12, Electromagnetic compatibility (EMC) - Part 3-12: Limits - Limits for harmonic

currents produced by equipment connected to public low-voltage systems with input current
> 16 A and < 75 A per phase

3 Systems of supply
3.1 3-phase supply systems

3-phase, four-wire, distribution systems are used worldwide to supply low-voltage consumers,
with nominal voltages in the region of 230/400 V.

To conform with IEC Standard voltages, these system are described as 230/400 V throughout
this Malaysian Standard.

There is considerable variation in the way in which the supplies to individual consumers are
connected to 3-phase systems.

In some countries, all four wires are taken into the consumer's premises, allowing the use of

3-phase 400 V for large loads, with small appliances and lighting circuits connected between
one line and neutral at 230 V.

© STANDARDS MALAYSIA 2011 - All rights reserved 1
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In other countries, three wires are taken into the consumer's premises, allowing the use of
400 V across two phases for large loads, with small appliances and lighting circuits connected
between one line and neutral at 230 V.

In other countries, of which the United Kingdom is an example, it is unusual to take more than
one phase into a residential consumer's premises. Consequently both large loads less than
15 kVA and lighting circuits are supplied between line and neutral at 230 V.

3.2 Single-phase supply systems

In some countries, of which the United States of America and Japan are examples, a
singlephase, three-wire distribution is used. Large loads are connected across the outer wires
at 230 V whilst small appliances and lighting circuits are connected between one outer and
the centre wire at 115 V. This leads to quite different supply impedances from those of
threephase distribution systems and may require different reference impedances.

Recommended values of reference impedances appropriate to single-phase three-wire
distribution systems and all systems operating at a fundamental frequency of 60 Hz, are not
provided in this standard; this subject is to receive further study when sufficient technical
information is released by countries operating such systems.

4 Supply impedances
41 Typical residential premises

The supply system impedance associated with the supply to the premises of a typical
residential consumer is determined by the average value of maximum power demand of all
the consumers connected to a typical network and the steady state voltage drop at maximum
load used to design the system.

Information on the supply system impedance was collected from as many countries as
possible and is presented in Table 1. The impedance to be considered was the impedance up
to the point of common coupling with other consumers. However, in many systems,
particularly where there were several apartments in the same building, the point of common
coupling was close to the metering point. Hence the impedance figures obtained usually
included both the supply system impedance and the service connection impedance.

The phase-to-neutral impedance characteristics of 3-phase supply systems, in which each
consumer is supplied at 230 V, 50 Hz, differ widely between countries as shown in Table 1.

2 © STANDARDS MALAYSIA 2011 - All rights reserved
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Table 1. 1980 International survey of residential consumers’ complex supply
impedances, in ohms, for single -phase connections at 50 Hz

Percentage of consumers having supply impedances equal to or
Country less than the listed complex values
98 % 95 % 90 % 85 %
Belgium - 0.63 +j0.33 0.32 +j0.17 0.28 +j0.15
France - 0.55 +j0.34 0.45 +j0.25 0.34 +j0.21
Germany - 0.45 +j0.25 0.36 +j0.21 0.31 +j0.17
Ireland ® 1.47 +j0.64 1.26 +j0.60 1.03 +j0.55 0.94 +j0.43
Italy - 0.59 +j0.32 0.48+j0.26 0.44 +j0.24
Netherlands - 0.70 +j0.25 0.41 +j0.21 0.32 +j0.17
Switzerland - 0.60 +j0.36 0.42 +j0.25 0.30 +j0.18
United Kingdom 0.46 +j0.45 - 0.25 +j0.23 -
USSR - 0.63 +j0.30 0.50 +j0.26 -

@ System impedances for residential consumers in Poland are similar to those in Ireland

Since 1981 when the impedance survey was published as Table 1, there has been natural
development and reinforcement of public supply networks and the values in the 90 % column,
on which the reference impedances for residential supplies were based, are now more
relevant to the 95 % column because supply impedances have been reduced overall.

The Korean Agency for Technology and Standards completed a comprehensive national
survey of network impedances associated with 60 Hz, 380/220 V low-voltage supply systems
in March 2004 and provides information that the following, 95 % probability, network
impedances are appropriate to Korea:

a) single-phase two-wire 220 V, service capacities < 100 A per phase, (0.67 + j0.37) Q;
and

b)  3-phase four-wire 380 V, service capacities < 100 A per phase, (0.33 +j0.20) Q.
4.2 Large residential, commercial and light industrial premises

The premises considered in this subclause have service current capacities equal to or in
excess of 100 A per phase.

It is anticipated that the number of requests from consumers and their agents to distribution
network operators for information relating to the system impedance at their supply terminals
will increase as a consequence of the publication of IEC 61000-3-11 and the procedure for
the conditional connection of equipment that it promulgates.

In order to assist distribution network operating companies worldwide in determining a
practical value of actual supply impedance at a particular consumers' premises and to assist
manufacturers in assessing the marketability of their products in particular countries
worldwide, a basic approach to the determination of maximum supply impedance has been
developed and is given in Annex A.

© STANDARDS MALAYSIA 2011 - All rights reserved 3
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The following values of supply impedance have been obtained by application of the method
given in Annex A, based on the assumptions that:

a) the distribution transformer has a rating of 500 kVA, a 3 % voltage regulation or a
2.68 % reactance; and

b) there is 95 % probability of occurrence, i.e. 5 % of consumers, are likely to have a
supply system impedance greater than the tabled values.

If necessary, these supply impedances, or the maximum supply impedances listed in Tables
A1 and A2, may be amended to represent national or particular public supply networks by use
of Clause A5.

The Korean Agency for Technology and Standards completed a comprehensive national
survey of network impedances associated with 60 Hz, 380/220 V low-voltage supply systems
in March 2004 and provides information that the following, 95 % probability, network
impedances are appropriate to Korea:

a) single-phase two-wire 220 V, service capacities = 100 A per phase, (0.29 + j0.33) Q;
and

b)  3-phase four-wire 380 V, service capacities = 100 A per phase, (0.26 + j0.30) Q.

4.2.1 Supply impedances relevant to the connection of 3-phase equipment

Table 2 contains, under the assumptions stated in 4.2, the values of the modulus, in ohms, of
the supply impedance of the line-conductors of 230/400 V, 50 Hz public electricity supply
networks relevant to 3-phase services, the various statutory voltage ranges declared to

consumers and service capacities in common use.

Table 2. Modulus values of supply impedance, in ohms at 50 Hz, relevant to the
connection of 3-phase equipment and having a 95 % probability of not being exceeded

. Service capacity in amperes per phase
Declared voltage range in per cent 150 A | 200 A | 300 A | 400 A | 600 A
8 0.09 0.06 0.04 0.03 0.02
9 0.10 0.07 0.05 0.04 0.03
10 0.1 0.08 0.05 0.04 0.03
11 0.12 0.09 0.06 0.05 0.03
12 0.14 0.10 0.07 0.05 0.03
13 0.15 0.1 0.08 0.06 0.04
14 0.17 0.13 0.08 0.07 0.04
15 0.18 0.14 0.09 0.07 0.05
16 0.20 0.15 0.10 0.08 0.05
17 0.21 0.16 0.10 0.08 0.05
18 0.22 0.17 0.1 0.09 0.06
19 0.24 0.18 0.12 0.09 0.06
20 0.25 0.19 0.13 0.10 0.06

4 © STANDARDS MALAYSIA 2011 - All rights reserved
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4.2.2 Supply impedances relevant to the connection of single-phase equipment

Table 3 contains, under the assumptions stated in 4.2, the values of the modulus, in ohms, of
the supply impedance of the line-to-neutral conductors of 230/400 V, 50 Hz public electricity
supply networks relevant to the connection of single-phase equipment to 3-phase 4-wire
services.

Table 3. Modulus values of supply impedance, in ohms at 50 Hz, relevant to the
connection of single-phase equipment and having a 95 % probably of not being
exceeded

. Service capacity in amperes per phase
Declared voltage range in per cent 150 A | 200 A | 300 A | 400 A | 600 A
8 0.13 0.10 0.06 0.05 0.03
9 0.15 0.12 0.08 0.06 0.04
10 0.18 0.13 0.09 0.07 0.04
11 0.20 0.15 0.10 0.08 0.05
12 0.23 0.17 0.1 0.08 0.06
13 0.25 0.19 0.12 0.09 0.06
14 0.27 0.20 0.14 0.10 0.07
15 0.30 0.22 0.15 0.1 0.07
16 0.32 0.24 0.16 0.12 0.08
17 0.34 0.26 0.17 0.13 0.09
18 0.37 0.28 0.18 0.14 0.09
19 0.39 0.29 0.20 0.15 0.10
20 0.42 0.31 0.21 0.16 0.10

5 Reference impedances

Recommended values of reference impedances appropriate to distribution systems operating
at a fundamental frequency of 60 Hz are not provided in this standard; this subject is to
receive further study when sufficient technical information is released by countries operating
such systems.

5.1 Reference impedances for equipment with current ratings <16 A

Equipment having current ratings < 16 A is mainly connected in premises having service
current capacities less than 100 A per phase. Such premises are predominantly in residential
supply areas, which were surveyed in 1980, and reference impedances relevant to the
connection of equipment having current ratings < 16 A have therefore been derived from the
values given in Table 1.

It was intended that the reference impedances should represent existing system impedances
and have values that could be used to assess the emissions of equipment against voltage
limits with a view to ensuring that connection of equipment to a public supply network would
not cause undue voltage disturbance and distortion.

© STANDARDS MALAYSIA 2011 - All rights reserved 5
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It has not proved possible to find an automatic and logical way of relating the reference
impedance to the range of system impedances. It was recognised that to say that 10 % of
consumers had supply impedances greater than a given value did not imply that 10 % of
consumers would be disturbed. A consumer at the far end of a line causes less disturbance
(by voltage fluctuation or harmonic distortion) to consumers nearer to the source than to his
immediate neighbour.

Divergence of views about the use of a single reference impedance may be summarised as
follows.

a)  Some countries with high impedance networks do not consider it economically possible
to reinforce their networks.

b) Some countries with high impedance networks have no need to reinforce their networks
because they have readily available alternative fuels for cooking and heating
appliances.

c) Some countries are not concerned with the switching of significant loads at 230 V
because they connect large appliances to two or three phases at 400 V.

The values in the following subclauses were chosen as reference impedances and take
account of experience with the use of existing appliances on existing systems as well as the
survey values of system impedance presented in Table 1.

5.1.1 3-phase, four-wire, 230 V supplies

Adoption of the following test reference impedances, Z, , is recommended:

Phase conductor 0.24 +j0.15 Q
Neutral conductor 0.16 +j0.10 Q
0.40 +j0.25Q

5.1.2 Single-phase, two-wire 230 V supplies

In this category Ireland has a network in which a high percentage of consumers have a supply
impedance greater than 0.4 + j0.25 Q. Italy and Poland also have a large proportion of rural
networks with relatively high supply impedance. In the United Kingdom, supplies to only about
2 % of consumers exceed 0.4 + j0.25.

A single value of reference impedance of 0.4 + j0.25 Q (phase to neutral) at 50 Hz has been
adopted with the advantages that:

a) this value gives the same limit conditions for appliances manufactured for use in all
countries;

b) it complies with the decision that there should be a single reference impedance used for
the assessment of emissions from equipment rated < 16 A per phase;

c) it simplifies test house procedure;

d) experience shows that most appliances already connected to public supply systems
comply with limits based on this impedance (but there are exceptions); and

6 © STANDARDS MALAYSIA 2011 - All rights reserved
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e) it simplifies the setting of limits.
The choice of a single impedance also has disadvantages, namely:

a) although conditions on networks with relatively high impedance are normally acceptable
at present, this may not be so if equipment intended for simultaneous use in large
numbers were designed to produce the maximum values of voltage change foreseen;
and

b)  equipment forming part of a larger appliance, which operates for only short periods and
which is known to be acceptable, would be prohibited.

Equipment rated < 16 A, which does not comply with the voltage limits of IEC 61000-3-3 when
tested with the reference impedance may be retested or evaluated to show conformity with
IEC 61000-3-11. Part 3-11 is applicable to equipment with rated input current < 75 A per
phase and enables conditional connection of equipment by a public distribution network
operating company.

5.2 Reference impedance for equipment with current ratings < 75 A per phase

Equipment rated < 75 A per phase is extensively used in commercial and industrial premises,
and to a lesser extent in residential premises having a service capacity = 100 A per phase.

System impedance values for a range of higher service capacities are given in Tables 2 and
3.

Adoption of the following test reference impedances, Z,.;, is recommended for equipment

rated < 75 A and intended to be used only in premises having a service capacity = 100 A per
phase:

Phase conductor 0.15+j0.15Q
Neutral conductor 0.10 +j0.10 Q
0.25+j0.25Q

5.3 Single-phase, three-wire, 120/240 V supplies

Reference impedances for these supplies were proposed. However it was later realised that
these values would result in appliances designed with a rated voltage close to 230 V in
different countries having to meet different disturbance characteristics. This could present
problems for international trade. When this difficulty was discovered, there was insufficient
time to obtain a considered response from the experts in the United States of America and
Japan to a proposal that the reference impedance of 0.4 + j0.3 Q (phase to neutral at 60 Hz)
should apply to all 230 V appliances irrespective of the network. Therefore, no
recommendation is made in this standard.

© STANDARDS MALAYSIA 2011 - All rights reserved 7
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6 Harmonic impedance

Theoretical considerations suggest that resonance between power factor correction
capacitors (e.g. fluorescent luminaries) and the system inductance is possible at harmonic
frequencies but this phenomenon has only been observed in a few cases. For this reason, it
is recommended that the reference impedance be regarded as purely resistive and inductive
for assessing harmonic emissions.

The supply impedance values presented in this specification may be used to determine the

minimum short-circuit level at fundamental frequency used in IEC 61000-3-12 for setting the
limits of harmonic current emissions from equipment.

8 © STANDARDS MALAYSIA 2011 - All rights reserved
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Annex A
(informative)

Methods for determining the maximum modulus values of public
electricity supply low-voltage network impedances relevant to 3-phase
services of more than 100 A per phase at 50 Hz

A1 Introduction

The main body of this standard was published in 1981 in order to facilitate the connection of
residential equipment to public supply low-voltage networks by providing test reference
impedances for use with the IEC 60555 emission standards.

However, when the IEC 60555 standards were converted to IEC 61000-3 standards in 1995,
the scopes were changed to incorporate most equipment rated less than or equal to 16 A.
This change meant that equipment for use in commercial, light industrial and industrial
premises, previously considered as professional equipment, had to comply with the emission
limits for harmonics and voltage fluctuations.

Manufacturers now design and test equipment to the new standards, as much of modern
equipment is used in all environments; for example: very large television sets, personal
computers, photocopiers, air-conditioning units and high-powered water jet equipment. The
object of this annex is to extend the supply impedance information provided by supply
authorities to service capacities in excess of 100 A per phase, thereby facilitating the
assessment of equipment for connection to a specific supply and to form a common
knowledge base which can be used by equipment manufacturers when discussing the
marketing of their products with supply authorities at a national level.

Because there is an enormous variety throughout the world of statutory supply voltages,
permitted variations and the specifications used by supply authorities for power system plant
and equipment, a statistical survey to determine supply impedances relevant to particular
service capacities would be extremely expensive and the results would be too specific.

Consumer demand for enhanced performance equipment has had the effect of driving up the
ratings of equipment and manufacturers have had problems in meeting the voltage fluctuation
limits in IEC 61000-3-3 in particular. A solution was found to manufacturers' problems by
publishing IEC 61000-3-11 with a scope that overlaps that of IEC 61000-3-3.

IEC 61000-3-11 is applicable to equipment rated less than or equal to 75 A subject to
conditional connection and it permits manufacturers with equipment that does not meet the
limits of IEC 61000-3-3, when tested with the reference impedance Z,., to retest the

equipment with a variable test reference impedance and they may:

a) either determine the maximum permissible system impedance Z,, at the interface

point of the user's supply, which gives compliance with the standard's limits, declare it in
the equipment instruction manual and instruct the user to determine in consultation with
the supply authority, if necessary, that the equipment is connected to a supply of that
impedance or less, or

© STANDARDS MALAYSIA 2011 - All rights reserved 9



MS 60725:2011

b) test single-phase equipment with a test impedance of (0.25 + j0.25) Q and, test 3-phase
equipment with a line test impedance of (0.15 + j0.15) Q and a neutral test impedance of
(0.1 +j0.1) Q. If the equipment meets the limits set in the standard, the manufacturer
shall declare in the equipment instruction manual that the equipment is intended for use
only in premises having a service current capacity equal to or-greater than 100 A per
phase, supplied from a distribution network having a nominal voltage of 400/230 V, and
instruct the user to determine, in consultation with the supply authority if necessary, that
the service current capacity at the interface point is sufficient for the equipment.

The equipment shall be clearly marked as being suitable for use only in premises having a
service current capacity equal to or greater than 100 A per phase.

For options a) and b), if the supply capacity, service current capacity, and/or the actual
system impedance at the service cut-out of the premises where the equipment is to be used
have been declared to, or measured by, the user or equipment installer, this information may
be used to assess the suitability of equipment without reference to the supply authority.

This annex therefore presents impedance data in a form that enables supply authorities
worldwide to determine appropriate values specific to the construction of their supply systems
and statutory obligations. Values of impedance are derived from consideration of a basic
model of a 500 kVA transformer supplying a 400/230 V, 50 Hz, 3-phase public distribution
network, which in turn supplies a service having a declared capacity of 200 A per phase.

A2 Network model appropriate to low-voltage public electricity supply
networks

The basic model used to determine the impedance of a supply from a public electricity
network is single-phase and uses a declared voltage U, with a declared voltage variation

range, R
+R

expressed as a percentage of U,, and comprised of an upper voltage limit,

ange ?

. » and a lower voltage limit, — Ry, , both expressed as a percentage of U, .

The single-phase model is shown in Figure A1 and is comprised of:

a) ftransformer, T, having an e.m.f. equal to the maximum permisible voltage, i.e.
Ugee (1+ R,,/100), a voltage regulation from no-load to full-load of U, , expressed as

reg

a percentage of U, an impedance Z;, and a full-load rated current of /41004 ;

b) network load, L, connected directly to the transformer, which together with the capacity
of the service being considered equals the capacity of the transformer;

c) distribution cable and service line having a combined impedance of Z_,,.; and

cable »

d) service load of /,,,; amperes per phase equal to the declared service capacity.

10 © STANDARDS MALAYSIA 2011 - All rights reserved
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Figure A1. Model used for determining the impedance of a network line conductor
from a transformer to a 3-phase service cut-out

The voltage, Uy, , across Z . is given by:

U =e.mf—U-|— _Uload

cable

R U R
U cable = Udec 1+ =% |- U gec £y 2 - U gec 1+ M
100 100|100 100

The modulus value of Z_,,. is given by dividing U, by the service cut-out phase-current
capacity, which is also /.4 -

A complex value of Z_,. may be obtained from the modulus value by application of the

impedance ratio of the line impedance components of cables in common use; see Clause A3
where the R/Z ratio of 0.877 is applied to cables. Vector addition of Z; to Z,, Yyields the

impedance of the network line conductor. Provided that the power-factor of the assumed load
is in the region of higher than 0.9, reasonably accurate results are obtained by this method.
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To obtain the value of supply impedance relevant to the connection of single-phase
equipment to a 3-phase service, Z_,. is multiplied by 1.667 before the addition of Z;, in
order to reflect the impedance in the cable's neutral return path in accordance with the ratio of
line components to neutral components of Z, given in 5.1.2 and adopted in IEC 61000-3-3.

A3 Application of the network model to 230/400 V 50Hz public supply
systems

In the case of 230/400 V 50 Hz supply systems it is possible to use the known impedance and
voltage regulation characteristics of distribution transformers, together with the impedance
characteristics of mains cables and an assumed load current power-factor, and apply them
directly to the model in order to obtain maximum values of supply impedance.

The modulus value Z of the line conductors, which represents the network impedance, is

obtained by adding the component of Z, in-phase with the mains cable impedance, Z1 equiv

to the calculated value of Z ; the ZTequiv component is 0.0076 Q for U, = 3, 0.0102 Q for

cable 7
U. =4,00127 Qfor U., =5and 0.0152 Qfor U..,6 = 6.

reg reg reg

reg

These nominal values of Zrequiv ar€ derived from the impedance characteristic of a typical

500 kVA delta-star transformer (0.00509 +j0.0171) Q, whose R :Z ratio is typical of all
3-phase transformers, by considering the components in-phase with the impedances of

commonly used main distribution cables, which have an R :Z ratio of 0.877:1; see Figure
A2 below.

Resistance component £

0 0.005 0.01 0.015
0 | | |
Jo

500 kVA
Transformer

E impedance /
S characteristic f” T
j =
3 ff Main cable impedance
5 0.01 - / characteristic /jgaq has
$ ' 7/ the same phase-angle @
2 ! as the main cable
© !
g g
o /

— /

H
0.02 cos ¢ = 0.877

Figure A2. The 3-phase impedance diagram of a typical 500 kVA transformer and
mains cable
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The typical mains cable impedance line has a R/Z value of 0.877, which is also typical of the
power-factor of consumers' load. As voltages are calculated from the vector multiplication of
current and impedance, it is reasonable to reference all impedances to the mains cable and
assume that all values are in-phase. Hence the calculations are simplified but sufficiently
accurate for the voltage ranges considered.

Figure A2 above shows that a 500 kVA transformer having a nominal 5.6 % reactance and an
impedance of 0.0178 Q has a component of 0.0127 Q in-phase with the load current and
mains cable impedance.

The impedance value obtained by this method is relevant to the connection of 3-phase
equipment to the service line.

To obtain the value of impedance relevant to the connection of single-phase equipment to a
3-phase service, Z ;. is multiplied by 1.667 before the addition of Z;, in order to reflect the

impedance in the cable's neutral return path in accordance with the ratio of line components
to neutral components of Z ;. givenin 5.1.1.

Table A1 contains values of system impedance, Z relevant to the connection of a 3-phase

sys3
load to a service having a capacity, /4, of 200 A per phase. Values of system impedance
are obtained by application of equation (A2), which is equation (A1) with the addition of Z; .
Calculations are made to four decimal places and then corrected to two decimal places.

Udec RUP
ZsysB = m x I:Range - Ureg (1 + ﬁj:| + ZTequive (A2)

Table A2 contains values of Z_ ., relevant to the connection of single-phase load to a service

sysl
having a capacity, /,, of 200 A per phase, obtained by application of equation (A3).
Calculations are made to four decimal places and then corrected to two decimal places.

1.667xU,, {

R
- R U |1+—2{|+Z. . A3
sysl 100 % lload X ange reg[ + 1 00]:| + Tequive ( )

The voltage regulation characteristics of transformers are related to the winding impedances
and a voltage regulation of 3 % corresponds to a transformer having a reactance, expressed
as a percentage of the impedance represented by the terminal voltage at full load divided by
the current at full load, within the band of 2.5 % to 3.0 %. 4 % voltage regulation corresponds
to reactance within the band of 3.5 % to 4.0 %. 5 % voltage regulation corresponds to
reactance within the band of 4.5 % to 5.0 %. 6.0 % voltage regulation corresponds to
reactance within the band of 5.5 % to 6.0 %.

Hence, either transformer voltage regulation or percentage reactance may be used to
ascertain a maximum value of supply impedance from Tables A1 and A2.

and only percentage

S

If equations (A2) or (A3) are used to calculate particular values of Z

reactance values are available, the equivalent voltage regulation values may be used in the
calculations.
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A3.11 Example of a calculation

Considering the service to a consumer having a 3-phase service capacity, /4, of 200 A per
phase, a declared supply voltage, U, , of 400/230 V + 10 % (i.e. R,, =10, Ry, , = 10 and

R,...= 20), connected to a network supplied from a 500 kVA transformer having a no-load to

ange
full load voltage regulation of 3 % (i.e. U,,, = 3):
The line-conductor impedance

Ljd Ieup
Zsys3 = m X |:Range - Ureg(1 + mj:l + ZTequiv

Zoy=—230 . 150_3(1+1% || 0.0076
¥3 7100 x 200 100

=0.1920 + 0.0076
=0.20 Q ...see the last row of Table A1. column 2.

The impedance value obtained by this method is relevant to the connection of 3-phase
equipment to the service line.

To obtain the value of impedance relevant to the connection of single-phase equipment to the
3-phase service, Z,,, is multiplied by 1.667 before the addition of Z; ., -

The line and neutral impedance = (0.1920-1.667)+0.0076
=0.33 Q ...see the last row of Table A2, column 2.

A4 Maximum values of system impedance relevant to 3-phase services
connected to 400/230 V public supply networks

Table A1 values are relevant to the connection of 3-phase equipment to a 3-phase service
and Table A2 values are relevant to the connection of single-phase equipment to a 3-phase
four-wire service.

The values of system impedance presented in Tables A1 and A2 have been calculated for
3-phase 230/400 V electricity services having service capacities of 200 A per phase, using
the network model given in Clause A2, and the equations developed in Clause A3. See
Clause A5 for system impedances appropriate to conditions other than those assumed in
Clause A3.

In most countries the declared range of voltage variation is symmetrical about the declared
nominal network voltage and R,, has the same value as Ry, ; the values in the Tables are

based on this condition. It has been assumed that the medium voltage network is regulated to
maintain the nominal system voltage at the distribution transformer terminals and therefore all
the voltage drop, represented by the R is attributable to the transformer and low-voltage

ange

cable network. For other voltage drop conditions, see Clause A5.
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Table A1. The modulus values of the maximum supply impedance, in ohms, of the
line-conductors of 230/400 V, 50 Hz, public electricity supply networks, relevant to
3-phase services having service capacities of 200 A per phase

Characteristics of the network supply transformer
Declared voltage Voltage Voltage Voltage Voltage
Range in percent regulation: 3 % regulation: 4% regulation: 5 % regulation : 6 %
Reactance: Reactance: Reactance: Reactance:
25%to<3.5% 3.5%to<4.5% 4.5%to<5.5% 5.5 %t0<6.5%
8 0.06 0.05 0.04 0.04
9 0.08 0.07 0.06 0.05
10 0.09 0.08 0.07 0.06
11 0.10 0.09 0.08 0.07
12 0.11 0.10 0.09 0.08
13 0.12 0.11 0.10 0.09
14 0.13 0.12 0.11 0.10
15 0.14 0.13 0.12 0.11
16 0.15 0.14 0.13 0.12
17 0.17 0.16 0.15 0.14
18 0.18 0.17 0.16 0.15
19 0.19 0.18 0.17 0.16
20 0.20 0.19 0.18 0.17

Table A2. The modulus values of the maximum supply impedance, in ohms, of the line
and neutral conductors of 2301400 V, 50 Hz, public electricity supply networks,
relevant to 3-phase services having service capacities of 200 A per phase

Characteristics of the network supply transformer
Declared voltage Voltage Voltage Voltage Voltage
Range in percent regulation: 3 % regulation: 4% regulation: 5 % regulation: 6 %
Reactance: Reactance: Reactance: Reactance:
2.5%t0<3.5% 3.5%to<4.5% 4.5 %t0<5.5% 5.5 %t0<6.5%
8 0.10 0.08 0.06 0.05
9 0.12 0.10 0.09 0.07
10 0.14 0.12 0.10 0.09
11 0.16 0.14 0.12 0.10
12 0.18 0.16 0.14 0.12
13 0.20 0.18 0.16 0.14
14 0.22 0.20 0.18 0.16
15 0.23 0.22 0.20 0.18
16 0.25 0.23 0.22 0.20
17 0.27 0.25 0.23 0.22
18 0.29 0.27 0.25 0.23
19 0.31 0.29 0.27 0.25
20 0.33 0.31 0.29 0.27

A5 Alternative methods of determining supply impedance

If the column headings of Tables A1 and A2 do not match the voltage regulation or reactance
parameters of a particular system being considered then linear interpolation between values
in adjacent columns is valid. For example, the supply impedance appropriate to the
connection of a single-phase load to a 200 A service having a voltage variation range R, . of

ange

12 % and supplied by a transformer having a voltage regulation of 5.5 % is 0.13 Q.
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Values relevant to a service having a current capacity "Y", greater than 100 A per phase, may
be interpolated crudely from the tables by multiplying the impedance values by the factor:
200/Y. Accurate values can be obtained by subtracting the transformer impedance relevant to
the voltage regulation from the value in the relevant table, multiplying the remainder by the
factor 200/Y and then adding the relevant transformer impedance to the result.

Values relevant to a supply network having a source transformer, or transformers having an
aggregate capacity of "C"” kVA, may be interpolated from the tables by increasing or reducing
the impedance values by an amount given by: (500/C 0.01) - 0.01.

Values relevant to a supply network operating at a nominal phase voltage of "X" may be
interpolated with reasonable accuracy from the tables by multiplying the impedance values by
the factor: X/230.

In countries where R,, does not have the same value as Ry, , it will be necessary to
calculate appropriate supply impedance values by inserting the actual value of R, into
equations (A2) and (A3).

If a low-voltage network is supplied from a medium voltage circuit of considerable length, the
system design may allow for voltage drop in the medium voltage circuit. In such cases, which
are usually associated with rural areas, the statutory low-voltage range R is reduced by

ange
the medium voltage drop allowance. For example, if the statutory voltage declared to a rural
low-voltage consumer has a tolerance of + 10 % and there is an allowance of 5 % for voltage
drop in the medium voltage supply system, the supply impedance values will be those
appropriate to a R,,.. of 15 %.

ange

A supply authority may declare a voltage variation range to consumers in accordance with its
statutory obligation but nevertheless design its networks to a more stringent value. In such
cases the supply authority can quote impedance values appropriate to its design criteria.

The maximum supply impedance values in Tables A1 and A2, which will not be exceeded,
are easily adjusted to represent particular probability values by multiplying the given 100 %
probability values by the required probability. For example, if supply impedance values are
required, which will not be exceeded in 95 % of locations, the values in the tables are
multiplied by 0.95.

A6 Alternative methods of determining supply impedance

Supply authorities normally terminate the low-voltage service line to a consumer with either a
cut-out containing a protective fuse, or a protective device. In both cases, the protective
device serves to limit the duration of fault current entering a consumer's installation and
disconnect the supply authorities' wiring and equipment before the consumer's main
switchboard in the event of a fault occurring on that part of the installation.

The minimum fault current at the point of supply, which will enable the supply authorities’
protective device to meet the requirements for protection given in IEC 60364, can be used to
determine a maximum value of network impedance for a given supply capacity.

The characteristics of protective devices vary considerably and for that reason no alternative
general technique for ascertaining supply impedance values can be given in this annex.
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Annex B

(informative)

Methods for determining the maximum modulus values of public
electricity supply low-voltage network impedances relevant to
3-phaseservices of more than 100 A per phase at 60 Hz

Under consideration.
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