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Interharmonics 
 

Definition 
 
IEC-61000-2-1 [1] defines interharmonic as follows: 
 

“Between the harmonics of the power frequency voltage and current, further frequencies can 
be observed which are not an integer of the fundamental.  They can appear as discrete 
frequencies or as a wide-band spectrum.” 

 
Harmonics and interharmonics of a waveform can be defined in terms of its spectral components 
in the quasi-steady state over a range of frequencies.  The following table provides a simple, yet 
effective mathematical definition: 
 

Harmonic f = h * f1 where h is an integer > 0 
DC f = 0 Hz (f = h* f1 where h = 0) 
Interharmonic f  ≠ h * f1 where h is an integer > 0 
Sub-harmonic f > 0 Hz and f < f1  

 
Where f1 is the fundamental power system frequency 
 
The term sub-harmonic does not have any official definition but is simply a special case of 
interharmonic for frequency components less than the power system frequency.  The term has 
appeared in several references and is in general use in the engineering community so it is 
mentioned here for completeness.  Use of the term sub-synchronous frequency component is 
preferred, as it is more descriptive of the phenomena. 
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Sources 
 
Chief among interharmonic sources is the cycloconverter.  Cycloconverters are well-established, 
reliable units used in a variety of applications from rolling-mill and linear motor drives to static-
var generators [2].  Larger mill drives using cycloconverters quoting ranges up to 8 MVA 
appeared in the 1970’s in the cement and mining industries.  As recent as 1995, rolling mill 
drives as large as 56 MVA have successfully installed.  They have also appeared in 25 Hz 
railroad traction power applications where they are replacing 25 Hz generation and older rotary 
frequency converters [3]. 
 
The currents injected into the power system by cycloconverters have a unique type of spectrum.  
Unlike the p-pulse rectifier which generates characteristic harmonics [2]: 
 
 fi = (p • n ± 1)f (1) 
 
where 
 f = power frequency 
 n = 1, 2, 3, …(integers) 
 
cycloconverters have characteristic frequencies of 
 
 fi = (p1 •  m ± 1)f ± p2 • n • fo (2) 
 
where: 
 
 p1 = pulse number of the rectifier section 
 p2 = pulse number of the output section 
 m = 0, 1, 2, 3, … (integers) 
 n  = 0, 1, 2, 3, … (integers) 
  (m and n not simultaneously equal to 0) 
 fo = output frequency of the cycloconverter 
 
Figure 2 illustrates a typical input current spectrum of a six-pulse cycloconverter with 5 Hz 
output frequency. 
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Figure 2 - Typical Cycloconverter Current 

Spectrum (60 Hz Power System) 
 
 
Cycloconverters can be thought of as a special case of a more general class of power electronic 
device - the Static Frequency Converter.  Static frequency converters transform the supply 
voltage into ac voltage of frequency lower or higher that the supply frequency.  They consist of 
two parts, the ac-dc rectifier and a dc-ac inverter.  The dc voltage is modulated by the output 
frequency of the converter and as a result, interharmonic currents appear in the input current 
according to equations 1 and 2 causing interharmonic voltages to be generated in the supply 
voltage. 
 
The magnitude of these frequency components depends on the topology of the power electronics 
and the degree of coupling and filtering between the rectifier and inverter sections.  The 
Cycloconverter is generally the most severe of these devices due to the direct connection 
between rectifier and inverter common in typical cycloconverter designs, but modern adjustable 
speed drives may also be of concern. 
 
Another common source of interharmonic currents is an arcing load.  This includes arc welders 
and arc furnaces.  These types of loads are typically associated with low frequency voltage 
fluctuations and the resulting light flicker.  These voltage fluctuations can be thought of as low 
frequency interharmonic components.  In addition to these components however, arcing loads 
also exhibit higher frequency interharmonic components across a wide frequency band. 
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Figure 3 – Example of AC Arc Furnace Interharmonics 

 
DC arc furnaces do not normally produce significant interharmonics, except when instability 
occurs due to interactions between the control system and the filters [4]. 
 
Other sources of interharmonics include [xx]: 
 

• Induction motors (wound rotor and subsynchronous converter cascade) 
• Induction furnaces [ref to be determined] 
• Integral cycle control (heating applications) 
• Low frequency power line carrier (ripple control) 

 
It should be noted that most of these sources have interharmonic characteristics that vary in 
magnitude and frequency over time.  This should be taken into account when characterizing 
sources. 
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Impacts 
For interharmonic frequency components greater than the power frequency, heating effects are 
observed in the same fashion as those caused by harmonic currents and will not be discussed 
further here. In particular, low frequency (with respect to the fundamental) voltage interharmonic 
components cause significant additional power loss in the induction motors stator winding, 
yielding an increased hot spot temperature and accelerating the thermal aging of the insulation 
[*]. 
In addition to heating effects, a variety of system impacts have been reported.  These effects 
include CRT flicker, overload of conventional series tuned filters, overload of outlet strip filters, 
communications interference, and CT saturation. 
 
One of the more important effects of interharmonics is the impact on light flicker.  Modulation of 
a steady state interharmonic voltage on the fundamental power system voltage introduces 
variations in system voltage amplitude and rms value: 
 
 u(t) = sin (2 pi f t) + a sin (2 pi fi t) (6) 
 
where: 
 

f - fundamental frequency 
a - amplitude of interharmonic voltage (p.u.) 
fi - interharmonic frequency 
(the amplitude of the fundamental voltage is equal to 1.0 p.u.) 
The maximum voltage change in voltage amplitude is equal to the amplitude of the 
interharmonic voltage, while the changes in voltage rms value is depending both on the 
amplitude and the interharmonic frequency.  

 
The voltage rms value is given by: 
 

U .1
T

d
0

T
u( )t 2 t (7) 

 
Where: 
 the period of integration T = 1/f1 
 
The maximum of the percent deviation of the rms voltage over several periods of the 
fundamental due to interharmonics can be calculated by combining equations (6) and (7).   This 
is illustrated in Figure 7 for the case of interharmonic voltage distortion of 0.2% of the 
fundamental voltage. 
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Figure 7 – rms Voltage Deviation with 0.2% Distortion 

(50 Hz Power System) 
 
As shown in the figure, at interharmonic frequencies higher than twice the power frequency, the 
modulation impact on the rms value is small compared to the impact in the frequency range 
below the second harmonic. 
 
The IEC flicker meter is used to measure light flicker indirectly by simulating the response of an 
incandescent lamp and the human eye-brain response to visual stimuli.  When this algorithm is 
used to calculate the flicker level that would be produced due to a 1% interharmonic voltage 
component near fundamental frequency, high levels of flicker (> 4 Pst) can be observed as 
shown in Figure xx. 

 
 
 
Field tests of various lamps supplied by voltage containing varying levels of interharmonic 
distortion were done[xx].  Figure xx illustrates the results of these tests.  The figure clearly 
indicates that these lamps produce visible light flicker even when there is no significant change 
in the overall RMS value of the waveform as shown in Figure 7.  This is due to the changes in 
peak voltage over time due to the intermodulation of the harmonic and interharmonic 
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components.  This is evident in Figure xx in that the most visible flicker occurs at around +/- 8 
Hz of a power system harmonic.  This is due to the fact that the eye is most sensitive to 8 Hz 
variations in light intensity[xx]. 
 

 addition to light flicker, the following impacts may be of concern: 

• Excitation of sub-synchronous condition (torsional oscillation) in turbo-generator shafts 

• 

ance 

 

 
In
 

• Interharmonic currents cause interharmonic voltage distortion according to the system 
impedance in the same manner as for harmonics and has similar impacts and concerns. 
Interharmonics can interfere with low frequency power line carrier control signals. 

• Series tuned filters commonly applied on power systems to limit 5th through 13th 
harmonic voltage distortion and comply with the existing 519 cause parallel reson
(high impedance) at interharmonic frequencies (e.g. 250 Hz for a 5th harmonic filter).  
Filter designers expect this bandwidth to be clear of intentional signals. Interharmonic 
currents/voltages at these frequencies can be magnified.  Filter failure and/or loss of 
equipment life can result. 
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Measurement 
 
IEC 61000-4-7 ([ref] First Edition) established a well disciplined measurement method for 
harmonics.  This standard has recently been revised ([ref] 2001) to clarify aspects of the older 
version and add methodology for measuring interharmonics.  The reader is referred to the 
standard for details, but key to the measurement of both harmonics and interharmonics in the 
standard is the utilization of a 10 (50 Hz systems) or 12 cycle (60 Hz systems ) sample windows 
upon which to perform the Fourier transform.  The result is a spectrum with 5 Hz resolution for 
both 50 Hz and 60 Hz systems.  The standard further defines ways of combining individual 5 Hz 
bins to produce various groupings and components for which limits and guidelines can be 
referenced to.  Figure xx illustrates these groupings: 
 

harmonic 
order n n+1 n+2 n+3

harmonic 
group n+1 

interharmonic  
group n+2,5 

DFT output

S 

 

 

harmonic 
order n n+1 n+2 n+3

harmonic 
subgroup n+1 

interharmonic 
subgroup n+2,5 

DFT output 

 
Figure xx – Ilustration of harmonic and interharmonic groups and sub-groups 

(here represented for a 50Hz window) 
 
 
From these definitions, measurements can reported for each interharmonic group, as well as a 
figure for total interharmonic distortion and normalized to the fundamental, overall r.m.s. value 
or a declared value (e.g. average maximum demand load current IL).  These quantities then form 
the basis for defining limits. 
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Special Case: Measurement near the fundamental 
 
For frequencies near the fundamental, the 61000-4-7 methodology does not provide the 
information to identify interharmonic distortion at the levels (0.2%) and frequencies required 
[ref].  This is due to the use of 5 Hz bins and the impact of spectral leakage in bins adjacent to 
the fundamental. 
 
The IEC flicker meter (61000-4-15) does a good job in measuring the impact of interharmonic 
components near the fundamental.  For this reason, the flicker meter should be used for this 
situation and the results compared with relevant flicker compatibility levels, limits and 
guidelines. 
 
Other methods exist that can achieve high accuracy at frequencies near the fundamental but these 
methods, even if attractive for the improvements they give, are not presently standardized nor 
applicable in general applications [ref rogers paper, [**], and original IH paper]. 
 

Measurement Duration 
As noted earlier, some interharmonic sources vary in magnitude and frequency over time. For 
example, some loads may require that measurements be taken over a one week period and others 
may only require a few hours to adequately characterize the interharmonic characteristics. 
Definitely, considerations similar to those for harmonics apply even if in this case the frequency 
variability makes the problem more complex. Variations in network configuration (impedance) 
and in the load demand [***] can affect the results as well and should also be taken into 
consideration. 
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Limits 
 
Interharmonic currents present the same problems with heating and inductive interference as do 
harmonic currents.  Therefore it is recommended that interharmonic currents be limited in the 
same manner as harmonic currents in IEEE 519-1992 Table 10.1. 
 
 
Editors notes: 
Is this too severe for low frequency currents (furnaces)? 
Existing installations exceed 10.1 levels and all is well. 
CT’s  can saturate at low frequencies? 
 
 
The present state-of-the-art for interharmonic limits revolves around the theoretical and observed 
impact of interharmonic voltage distortion as described in this document.  As such, there has 
only been experience in defining voltage distortion limits. 
 
 
Editors notes: 
Old text - Presently, the IEC limits [] interharmonic voltage distortion to 0.2 % for the frequency 
range from DC to 2 kHz. 
 
New – derive from 61000-2-2 (second edition) presently CDV.  Limits are based on the curve 
near the fundamental.  Elsewhere the limits are similar to the interharmonic levels. 
 
 
 
IHTF recommendations: 
 

 
• Adopt the IEC limit specified in 61000-2-2 Second Edition for frequencies in the 20 – 90 

Hz to address flicker of incandescent lamps and fluorescent lamps with reasonable gain 
factors. 

• Limit individual interharmonic component voltage distortion to less than 1%, 2% or 3% 
(depending on voltage level) above 90 Hz up to 3 kHz to protect low frequency PLC, 
address sensitivity to light flicker within 8 Hz of harmonic frequencies, and account for 
resonances created by harmonic filters. 

 
Note that we have nothing specified for <20 Hz.  Concern for torsional oscillations / sub-
synchronous oscillation.  CT saturation in current. 
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