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FOREWORD 

This amendment has been prepared by subcommittee 77A: EMC – Low frequency 
phenomena, of IEC technical committee 77: Electromagnetic compatibility. 

The text of this amendment is based on the following documents: 

FDIS Report on voting 

77A/958/FDIS 77A/962/RVD 

 
Full information on the voting for the approval of this amendment can be found in the report 
on voting indicated in the above table. 

The committee has decided that the contents of this amendment and the base publication will 
remain unchanged until the stability date indicated on the IEC website under 
"http://webstore.iec.ch" in the data related to the specific publication. At this date, the 
publication will be  

• reconfirmed, 

• withdrawn, 

• replaced by a revised edition, or 

• amended. 

 

_____________ 

 

Introduction to Amendment 1 

This amendment is related to compatibility levels in the frequency range from 2 kHz to 
150 kHz. It contains: 

– compatibility levels for signals from mains communicating systems up to 150 kHz; 
– compatibility levels for non-intentional emissions between 2 kHz and 30 kHz. 

A second amendment is expected soon, containing: 

– compatibility levels for non-intentional emissions between 30 kHz and 150 kHz. 

1 Scope and object 

Replace the existing text with the following new text: 

This part of IEC 61000 is concerned with conducted electromagnetic phenomena 
(disturbances and signals from mains communicating systems) in the frequency range from 
0 kHz to 150 kHz. It gives compatibility levels for public low voltage a.c. distribution systems 
having a nominal voltage up to 420 V, single-phase, or 690 V, three-phase, and a nominal 
frequency of 50 Hz or 60 Hz. 

The compatibility levels specified in this document apply at the point of common coupling. At 
the power input terminals of equipment receiving its supply from the above systems, the 
levels of the conducted electromagnetic disturbances can, for the most part, be taken to be 
the same as the levels at the point of common coupling. In some situations this is not so, 
particularly in the case of a long line dedicated to the supply of a particular installation, or in 
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the case of an electromagnetic phenomenon generated or amplified within the installation of 
which the equipment forms a part. 

Compatibility levels are specified for conducted electromagnetic phenomena of the types 
which can be expected in public low voltage power supply systems, for guidance in the 
definition of: 

– the limits to be set for conducted emissions into public power supply systems (including 
the planning levels defined in 3.1.5), 

– the immunity limits to be set by product committees and others for the equipment exposed 
to the conducted electromagnetic phenomena present in public power supply systems. 

NOTE More information on compatibility levels and other main basic EMC concepts is given in IEC TR 61000-1-1. 

The electromagnetic phenomena considered are: 

– voltage fluctuations and flicker; 
– harmonics up to and including order 40; 
– interharmonics up to the 40th harmonic; 
– voltage distortion in differential mode at higher frequencies (above the 40th harmonic up to 

150 kHz); 
– voltage dips and short supply interruptions; 
– voltage unbalance; 
– transient overvoltages; 
– power frequency variation; 
– d.c. components; 
– signals from mains communicating systems (MCS). 

Most of these phenomena are described in IEC TR 61000-2-1. In cases where it is not yet 
possible to establish compatibility levels, some information is provided in Annex B. 

2 Normative references 

Add the following new references: 

IEC 61000-3-8, Electromagnetic compatibility (EMC) – Part 3: Limits – Section 8: Signalling 
on low-voltage electrical installations – Emission levels, frequency bands and electromagnetic 
disturbance levels 

CISPR 16-1-1, Specification for radio disturbance and immunity measuring apparatus and 
methods – Part 1-1: Radio disturbance and immunity measuring apparatus – Measuring 
apparatus 

CISPR 16-2-1, Specification for radio disturbance and immunity measuring apparatus and 
methods – Part 2-1: Methods of measurement of disturbances and immunity – Conducted 
disturbance measurements 

3.1 General definitions 

Add the following new definitions: 

3.1.7  
non-intentional emission 
conducted emission which is not intended for communication purposes 
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Note 1 to entry: For the purposes of this document, non-intentional emissions only refer to conducted 
phenomena. 

3.1.8  
mains communicating system 
MCS 
electrical system using mains power lines to transmit information signals, either on the public 
electricity distribution network or within installations of network users 

3.1.9  
differential mode voltage 
voltage in differential mode 
voltage between any two phase conductors or between any phase conductor and the neutral 
conductor 

Note 1 to entry: The voltage distortion in differential mode is the distortion of the voltage in differential mode. 

3.1.10  
unsymmetrical voltage 
voltage between any mains conductor (phase or neutral) and the earth 

3.2 Phenomena related definitions 

3.2.7  
total harmonic distortion 
(THD) 
Replace, in the explanation below the equation, value H, "…is generally equal to 50, but…" 
with "…is generally equal to 40, but…". 

4.3 Harmonics 

In Table 1, replace: 

17 ≤ h ≤ 49 with 17 ≤ h ≤ 37, 

21 < h ≤ 45 with 21 < h ≤ 39, 

10 ≤ h ≤ 50 with 10 ≤ h ≤ 40. 

Add, after the existing subclause 4.4 the following new subclauses: 

4.11 Voltage distortion in differential mode above the 40th harmonic up to 9 kHz 

In this document, voltage distortion above the 40th harmonic up to 9 kHz is considered in 
relation to long-term effects, i.e. for a duration of 10 min or longer. 

In the case of voltage distortion at frequencies above the 40th harmonic, it is generally not 
relevant whether they are at harmonic or interharmonic frequencies. They can occur both at 
discrete frequencies and in relatively broad bands of frequencies. 

The compatibility levels for voltage distortion in differential mode above the 40th harmonic 
(exclusive) up to 9 kHz are given in Table 2. These compatibility levels are related to voltage 
distortion levels between any two phase conductors or between any phase conductor and the 
neutral conductor, in a bandwidth of 200 Hz, defined as follows: 

∑
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where 
F (in Hz) is the centre frequency of the 200 Hz band under consideration (F is 

between 2 100 Hz and 8 900 Hz for 50 Hz systems and between 
2 500 Hz and 8 900 Hz for 60 Hz systems); 

ub,F is the voltage distortion level in the bandwidth of 200 Hz around centre 
frequency F (expressed in percent of the fundamental component of the 
voltage U1); 

U1 (in V) is the r.m.s. value of the fundamental component of the voltage; 
U (F + n·Δf) (in V) is the r.m.s. value of the component of the voltage at frequency 

f = F + n·Δf measured with the frequency resolution of Δf (in Hz). 

NOTE 1 The 200 Hz bandwidth has been chosen such that it is in accordance with the bandwidth specified in 
CISPR 16-1-1 for frequencies above 9 kHz. 

Table 2 – Compatibility levels for voltage distortion in differential mode ub,F  
above the 40th harmonic up to 9 kHz 

Frequency range Compatibility levels 

kHz % 

2 (2,4)a to 3 1,4 

3 to 9 1,4 to 0,65b 
a The frequency range is 2 kHz to 3 kHz for 50 Hz systems and 2,4 kHz to 3 kHz 

for 60 Hz systems. 
b The logarithm of the level decreases linearly with the logarithm of the frequency 

in the range 3 kHz to 9 kHz. 

 

These compatibility levels are reference levels for EMC coordination in the setting of emission 
limits in differential mode for non-intentional emissions. 

NOTE 2 Based on the following assumptions, an emission margin equal to or higher than 3 dB between the 
equipment emission limits in differential mode for non-intentional emissions and the corresponding compatibility 
levels is sufficient: 

– for each bandwidth of 200 Hz, the probability that the compatibility level is exceeded is lower than 5 %; 

– at a given location, the disturbance level in a same bandwidth of 200 Hz does not result from more than two 
pieces of equipment generating non-intentional emissions close to the emission limit at the same time; 

– non-intentional emissions from different equipment are generated independently from each other. 

For EMC coordination in the setting of immunity requirements for equipment, the compatibility 
levels for non-intentional emissions given in Table 2 are reference levels which should be 
taken into account together with the compatibility levels for MCS signals given in 4.10.2 and 
4.10.3. 

4.12 Voltage distortion in differential mode from 9 kHz to 150 kHz 

4.12.1 General 

In this document, voltage distortion from 9 kHz to 150 kHz is considered in relation to long-
term effects, i.e. for a duration of 10 min or longer. 

The compatibility levels for voltage distortion in differential mode from 9 kHz to 150 kHz, given 
in 4.12.2 and 4.12.3, are related to disturbance levels between any phase conductor and the 
neutral conductor measured with a quasi-peak detector and with a bandwidth of 200 Hz in 
accordance with CISPR 16-1-1. 

These compatibility levels for voltage distortion are reference levels for EMC coordination in 
the setting of emission limits in differential mode for non-intentional emissions. However, if 
the emission limits are related to voltage distortion levels measured between any mains 
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conductor (phase or neutral) and the earth (unsymmetrical voltages) in accordance with 
CISPR 16-2-1, the reference levels for EMC coordination in the setting of emission limits for 
unsymmetrical voltage distortion are 6 dB lower than the compatibility levels given in 4.12.2 
and 4.12.3 for voltage distortion in differential mode. 

NOTE Based on the following assumptions, an emission margin equal to or higher than 3 dB between the 
equipment emission limits in differential mode for non-intentional emissions and the corresponding compatibility 
levels, or a difference equal to or higher than 9 dB (3 dB for the emission margin + 6 dB for the conversion factor 
between the unsymmetrical voltages and the voltage in differential mode) between the equipment emission limits 
for unsymmetrical voltage distortion and the compatibility levels in differential mode given in 4.12.2 and 4.12.3, is 
sufficient: 

– for each bandwidth of 200 Hz, the probability that the compatibility level is exceeded is lower than 5 %; 

– at a given location, the disturbance level in a same bandwidth of 200 Hz does not result from more than two 
pieces of equipment generating non-intentional emissions close to the emission limit at the same time; 

– non-intentional emissions from different equipment are generated independently from each other. 

For EMC coordination in the setting of immunity requirements for equipment, the compatibility 
levels for non-intentional emissions given in 4.12 are reference levels which should be taken 
into account together with the compatibility levels for MCS signals given in 4.10.4 and 4.10.5. 

4.12.2 Frequency range from 9 kHz to 30 kHz 

The compatibility levels for voltage distortion in differential mode from 9 kHz to 30 kHz are 
given in Table 3. 

Table 3 – Compatibility levels for voltage distortion  
in differential mode from 9 kHz to 30 kHza 

Frequency range Compatibility levels 

kHz dB(µV) 

9 to 30 129,5 to 122b 
a For EMC coordination in the setting of emission limits for unsymmetrical voltage 

distortion, see 4.12.1. 
b The level decreases linearly with the logarithm of the frequency in the range 

9 kHz to 30 kHz. 

 

4.12.3 Frequency range from 30 kHz to 150 kHz 

(Under consideration) 

4.10 Mains signalling 

Replace the existing title, text and figure with the following new title, text and figure: 

4.10 Signals from mains communicating systems up to 150 kHz 

4.10.1 General 

Although public networks are intended primarily for the supply of electric energy to customers, 
the suppliers also use them for the transmission of signals for network management purposes 
such as the control of some categories of load. These networks are not used for the 
transmission of signals between private users. 

Technically, MCS signals are intentionally impressed on a selected part of the supply system. 
The voltages and frequencies of the emitted signal are pre-determined, and the signal is 
transmitted at particular times. 

For EMC co-ordination in the setting of immunity requirements for equipment connected to 
networks where an MCS is operated, the compatibility levels for MCS signals given in 4.10.2 
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to 4.10.5 are reference levels which should be taken into account together with the 
compatibility levels for non-intentional emissions defined in 4.3, 4.4, 4.11 and 4.12. 

The design of MCSs should meet three objectives: 

– ensure compatibility between neighbouring MCSs; 
– prevent the MCS from being disturbed by other equipment connected to the network; 
– prevent the MCS from disturbing other equipment connected to the network. 

The compatibility levels for MCS signals in the different frequency bands are given in 4.10.2 
to 4.10.5. 

4.10.2 Ripple control systems (110 Hz to 3 000 Hz) 

Ripple control signals are transmitted as a sequence of pulses, each pulse having a duration 
in the range of 0,1 s to 7 s, the duration of the entire sequence ranging from 6 s to 180 s. 
More usually, the pulse duration is about 0,5 s, and the sequence duration is about 30 s. 

Generally, these systems operate in the frequency range of 110 Hz to 3 000 Hz. The value of 
the injected sine wave signal is in the region of 2 % to 5 % of the nominal supply voltage, 
depending on local practice, but resonance can cause levels to rise to 9 %. On more recently 
installed systems the signals usually are in the range of 110 Hz to 500 Hz. 

The compatibility levels for ripple control signals are given by the so-called Meister curve in 
Figure 3, where Us/Un is the signal level (Us) expressed in percent of the nominal voltage (Un) 
of the power supply system. 

 

Figure 3 – Meister curve for ripple control systems  
in public networks (110 Hz to 3 000 Hz) 

4.10.3 Mains communicating systems (band 3 kHz up to 9 kHz) 

The compatibility level for MCS signals in the frequency band from 3 kHz to 9 kHz is equal to 
140 dB(μV). This compatibility level is related to MCS signal levels between any phase 
conductor and the neutral conductor (differential mode voltage) measured with a peak 
detector and with a bandwidth of 200 Hz in accordance with CISPR 16-1-1. 

NOTE MCS signals are emitted in differential mode. Therefore, the MCS signal levels between one phase 
conductor and the neutral conductor (differential mode voltage) are 6 dB higher than the MCS signal levels 
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measured in accordance with IEC 61000-3-8 between any mains conductor (phase or neutral) and the earth 
(unsymmetrical voltages). As in principle there is only one signal source operating at a given time, the additional 
emission margin of 3 dB (see the note in 4.12.1) is not necessary here, and the compatibility level in differential 
mode given in 4.10.3 is just 6 dB higher than the maximum output signal level defined in IEC 61000-3-8. 

4.10.4 Mains communicating systems (band 9 kHz up to 95 kHz) 

The compatibility level for MCS signals in the frequency band from 9 kHz to 95 kHz is equal to 
140 dB(μV) at 9 kHz decreasing linearly with the logarithm of the frequency to 126 dB(μV) at 
95 kHz. This compatibility level is related to MCS signal levels between any phase conductor 
and the neutral conductor (differential mode voltage) measured with a peak detector and with 
a bandwidth of 200 Hz in accordance with CISPR 16-1-1. 

NOTE MCS signals are emitted in differential mode. Therefore, the MCS signal levels between one phase 
conductor and the neutral conductor (differential mode voltage) are 6 dB higher than the MCS signal levels 
measured in accordance with IEC 61000-3-8 between any mains conductor (phase or neutral) and the earth 
(unsymmetrical voltages). As in principle there is only one signal source operating at a given time, the additional 
emission margin of 3 dB (see the note in 4.12.1) is not necessary here, and the compatibility level in differential 
mode given in 4.10.4 is just 6 dB higher than the maximum output signal level defined in IEC 61000-3-8. 

4.10.5 Mains communicating systems (band 95 kHz up to 150 kHz) 

The compatibility level for MCS signals in the frequency band from 95 kHz to 150 kHz is equal 
to 128 dB(μV). This compatibility level is related to MCS signal levels between any phase 
conductor and the neutral conductor (differential mode voltage) measured with a peak 
detector and with a bandwidth of 200 Hz in accordance with CISPR 16-1-1. 

NOTE 1 MCS signals are emitted in differential mode. Therefore, the MCS signal levels between one phase 
conductor and the neutral conductor (differential mode voltage) are 6 dB higher than the MCS signal levels 
measured in accordance with IEC 61000-3-8 between any mains conductor (phase or neutral) and the earth 
(unsymmetrical voltages). As in principle there is only one signal source operating at a given time in the same 
bandwidth of 200 Hz, the additional emission margin of 3 dB (see the note in 4.12.1) is not necessary here, and the 
compatibility level in differential mode given in 4.10.5 is just 6 dB higher than the maximum output signal level 
defined in EN 50065-1. 

NOTE 2 The frequency band from 95 kHz to 150 kHz consists of three sub-bands, 95 kHz to 125 kHz, 125 kHz to 
140 kHz and 140 kHz to 150 kHz, with different signal requirements. 
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Annex B 

B.2 Interharmonics and voltage components at frequencies above that of the 
50th harmonic 

Replace the existing title, text and table with the following new title, text and table: 

B.2 Interharmonics 

B.2.1 Sources of interharmonic currents and voltages 

The public a.c. distribution systems are intended to deliver voltages at the power frequency of 
50 Hz or 60 Hz. The presence of voltages at other frequencies is, as far as possible, to be 
avoided. However, modern developments in electricity utilisation tend to increase the 
superposition on the supply voltage of voltages at unwanted frequencies. An increasingly 
important source of the unintended frequencies is the electronic power conditioning modules 
which are increasingly being incorporated in electricity utilisation devices. 

The following are typical sources: 

– Most electronic components require a d.c. supply. In the absence of or as an alternative to 
batteries or other d.c. supply, the common practice is to provide an electronic module that 
extracts the required energy from the a.c. supply and delivers it to the components by way 
of a d.c. voltage. The switched mode power supply is the most common device used for 
this purpose. The result, however, is that power is drawn from the a.c. system in a highly 
non-linear manner, resulting in currents at many harmonic and interharmonic frequencies, 
extending even to frequencies beyond that of the 40th harmonic. As these currents flow 
through the impedances of the supply system, they give rise to voltages at the 
corresponding frequencies, and these, in turn, are superimposed on the supply voltage 
delivered to users. 

– In some cases the end-use of the electricity requires an a.c. voltage at a frequency other 
than the supply frequency, as in variable or adjustable speed drive systems. Again, this is 
accomplished by electronic devices that extract the required energy from the incoming 
supply and deliver it to the downstream components by way of a voltage at the required 
frequency. Viewed from the supply system, these devices are sources of current at many 
frequencies in addition to the supply frequency. While harmonic frequencies are generally 
prevalent, some types of converters produce interharmonics in addition. 
Voltage source inverters, with pulse duration (width) modulated converters on the network 
side, produce harmonics of the modulation frequency, which has no synchronism with the 
network frequency. These are mainly at higher frequencies: switching frequency and its 
harmonics. High power equipment, typically above 1 MW and connected to a medium or 
high voltage power network, can use inverters, operated at any frequency without 
synchronism with the network frequency. They can produce interharmonics due to residual 
coupling between the motor side and the network. 
As a general result, sources such as electronic frequency converters can produce discrete 
frequencies in the range of 0 Hz to 2 000 Hz (50 Hz systems) or 2 400 Hz (60 Hz 
systems). (See IEC 61000-2-4, Annex C.) 

– Electrical arc-furnaces can be a source of a large amount of interharmonics. This is also 
high power equipment, which would not be connected to a public low voltage power 
network. 

– Arc welding machines generate a continuous wide band frequency spectrum, associated 
with an intermittent process in which the duration of the individual welding actions varies 
between a second and several seconds. 

– Induction motors can give rise to an irregular magnetising current due to the slots in the 
stator and rotor, possibly in association with saturation of the iron. At the normal speed of 
the motor, this generates interharmonics at frequencies between 10 to 40 times the power 
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frequency, but during the starting period they run through the whole frequency range up to 
their final value. 

– Power supplies to traction systems can result in interharmonics at fixed frequencies, for 
example 16,7 Hz. 

Sources such as the above are connected to networks of low, medium and high voltage. Their 
emissions result in interharmonic voltages which are generated in and transmitted between all 
voltage levels and depend on the network impedances. 

Mains signalling is also a source of interharmonic voltages, but in this case the emissions are 
intentional and utilities and users exercise careful control to ensure compatibility (see 4.10). 

B.2.2 Effects of the interharmonic voltages 

The case of a voltage having a frequency which combines with the fundamental frequency 
and results in a beat frequency has been dealt with in 4.4. Table B.1 indicates the 
interharmonic voltage levels corresponding to the compatibility level given in Figure 2. 

Table B.1 – Indicative values of interharmonic voltage in low voltage networks 
corresponding to the compatibility level with respect to the flicker effect 

Order  
m 

50 Hz system 60 Hz system 

Interharmonic 
frequency 

fm 
Hz 

Um 
% 

Interharmonic 
frequency 

fm 
Hz 

Um 
% 

120 V 
system 

230 V 
system 

120 V 
system 

230 V 
system 

0,2 < m ≤ 0,6 10 < fm ≤ 30 0,68 0,51 12 < fm ≤ 36 0,95 0,69 

0,60 < m ≤ 0,64 30 < fm ≤ 32 0,57 0,43 36 < fm ≤ 38,4 0,79 0,58 

0,64 < m ≤ 0,68 32 < fm ≤ 34 0,46 0,35 38,4 < fm ≤ 40,8 0,64 0,48 

0,68 < m ≤ 0,72 34 < fm ≤ 36 0,37 0,28 40,8 < fm ≤ 43,2 0,50 0,38 

0,72 < m ≤ 0,76 36 < fm ≤ 38 0,29 0,23 43,2 < fm ≤ 45,6 0,39 0,30 

0,76 < m ≤ 0,84 38 < fm ≤ 42 0,23 0,18 45,6 < fm ≤ 50,4 0,23 0,18 

0,84 < m ≤ 0,88 42 < fm ≤ 44 0,23 0,18 50,4 < fm ≤ 52,8 0,22 0,18 

0,88 < m ≤ 0,92 44 < fm ≤ 46 0,28 0,24 52,8 < fm ≤ 55,2 0,22 0,20 

0,92 < m ≤ 0,96 46 < fm ≤ 48 0,40 0,36 55,2 < fm ≤ 57,6 0,34 0,30 

0,96 < m < 1,04 48 < fm ≤ 52 0,67 0,64 57,6 < fm ≤ 62,4 0,59 0,56 

1,04 < m ≤ 1,08 52 < fm ≤ 54 0,40 0,36 62,4 < fm ≤ 64,8 0,34 0,30 

1,08 < m ≤ 1,12 54 < fm ≤ 56 0,28 0,24 64,8 < fm ≤ 67,2 0,22 0,20 

1,12 < m ≤ 1,16 56 < fm ≤ 58 0,23 0,18 67,2 < fm ≤ 69,6 0,22 0,18 

1,16 < m ≤ 1,24 58 < fm ≤ 62 0,23 0,18 69,6 < fm ≤ 74,4 0,23 0,18 

1,24 < m ≤ 1,28 62 < fm ≤ 64 0,29 0,23 74,4 < fm ≤ 76,8 0,39 0,30 

1,28 < m ≤ 1,32 64 < fm ≤ 66 0,37 0,28 76,8 < fm ≤ 79.2 0,50 0,38 

1,32 < m ≤ 1,36 66 < fm ≤ 68 0,46 0,35 79,2 < fm ≤ 81,6 0,64 0,48 

1,36 < m ≤ 1,40 68 < fm ≤ 70 0,57 0,43 81,6 < fm ≤ 84 0,79 0,58 

1,4 < m ≤ 1,8 70 < fm ≤ 90 0,68 0,51 84 < fm ≤ 108 0,95 0,69 

 

Some other effects of interharmonics include: 

– unwanted currents flowing in the supply networks generate additional energy losses, with 
a consequent increase in the gaseous emissions from generating stations; 
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