What is a sub-harmonic frequency?

When a series capacitor is used to cancel a portion of the system reacteiggs
with a natural frequency which is less than the system frequencyand is '_ toastl
sub-harmonic frequency is defined by as:

What are sub-harmonics in power systems? %ﬂ
Sub-harmonics are frequencies below the fundamental frequencyin power systems. This section discusses
the impact of sub-harmonics on components of the power system,similar to the inter-harmonics. In
1822,J.B.J. Fourier proposed that any function that is

What are subharmonic oscillations?

This article will discuss subharmonic oscillations,a form of instabilitythat can be generated when current
mode switching regulators have a continuous inductor current and a duty cycle exceeding 50%. These
oscillations then create unstable power supplies.

What are the causes of subharmonic generation?

As regards the loads, the subharmonic generation is due to arc furnaces -, cycloconverters - , automated
spot-welders, adjustable speed drives, fluctuating motors driving cyclic loads, power supplies to traction
systems - . ...

Is there a problem of harmonics in power systems?

The problem of harmonics in power systems has been investigated for quite some time. However,the
problem of interharmonics and sub-harmonicshas not been studied as extensively [3-5]. This should be clear

from the last IEEE standard on power systems harmonics,which does not give a thorough treatment of
sub-harmonics and interharmonics.
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a 60 Hz system is 2*60 or 120 Hz. At 50Hz, the
second harmonic is 2* 50 or 100Hz. 300Hz is the
5th harmonic in a 60 Hz system, or the 6th harmonic
in a 50 Hz system. Figure 2 shows how a signal with
two harmonics would appear on an
oscilloscope-type display, which some power quality
analyzers provide. Figure 2. Fundamental with two
harmonics

The IEEE 5197771992 standard (Recommended
Practices and Requirements for Harmonic Control in
Electric Power Systems) defines nonlinear loads
occurring in distribution network consumers where

primary source measurements of harmonic currents
are present [14].The IEC 1000 3?7?72 standard
(Limits for Harmonic Current Emissions) has set
limits for ???
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Interharmonics are components in voltage and
current that are periodic with a frequency other than
}I Ei‘?{fi‘gi%“m the fundamental (power-system) frequency.
[Ehes S Multiple subharmonics at equally spaced
frequencies between 0 and 50 Hz. (v) The strong

dependency of interharmonic frequencies and

amplitudes on the MPPT sampling rate (constant as

fixed by

A feedforward artificial neural network has been
realized and trained to individualize subharmonics
frequencies in an electric network. The adopted
sampling window is fixed in 20 ms correspondent

Power system stability issues, classifications and
research prospects in the context of
high-penetration of renewables and power
electronics. Jan Shair, Only nonlinear dynamical
systems exhibit this feature. Subharmonics and

even noise are common in these systems, their
special type of noise being described as
deterministic chaos.

\
I

H [l

(C) 2025 Solar Energy Resources 3/9 Web: https://www.gebroedersducaat.nl



SUBHARMONICS IN POWER SOLAR’
SYSTEMS

Subharmonic Oscillations in Power Systems-Theory
and Practice Abstract: This work makes a
comprehensive single phase study of the most

commonly observed subharmonic oscillation, that is
the one- third order subharmonic. The theoretical
methods employed may be extended to other

4 ‘ subharmonic frequencies and also to combinations
= of subharmonics
s |
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Harmonic analysis in power systems is a challenge
that is always evolving due to a constantly It is quite
common for motor drive systems to contain
harmonics, subharmonics and - interharmonics
throughout the makeup of the system. Many of
these drive systems have been

power system harmonics. Power system harmonics
are not a new phenomenon. In fact, a text published
by Steinmetz in 1916 devotes considerable attention
to the study of harmonics in three-phase power
systems. In Steinmetz's day, the main concern was
third harmonic currents caused by saturated iron in
transformers and machines.
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Interharmonics are components in voltage and
current that are periodic with a frequency other than
the fundamental (power-system) frequency.
Multiple subharmonics at equally spaced
frequencies between 0 and 50 Hz. ?7??

Subharmonics can also be injected into the power
system by induction or by synchronous motors
driving a load of pulsating torque [11,12]. It is also
worth mentioning that periodic voltage fluctuation
exerts the same effect on induction motors as the
simultaneous presence of voltage subharmonics
and interharmonics [ 13 ] and can be regarded as a
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(42), both with the same (omega_{0}). Both systems
are driven by a sinusoidal external force of the same
amplitude and frequency - in this illustration, equal
to the small-oscillation own frequency (omega_{0})
of both systems. The same is true for higher-order
subharmonics. Only the second subharmonic is a
N woe @ special case. Indeed, let us
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It should be noted that this value is significantly less
than voltage subharmonics reported in real power
systems [1], [10]. In summary, voltage
subharmonics can cause a considerable increase in
power losses and unacceptable increase in
windings temperature. The increases can be
especially significant for small moment of load
inertia and some

In some power systems, voltage waveforms contain,
— . apart from harmonics, interharmonics and
L N Lﬂu‘ subharmonics that are components of frequency
I ) - less than or not an integer multiple of the
fundamental

Power system interharmonics are most often
created by two general phenomena. The first is
rapid non-periodic changes in current and voltage
caused by loads operating in a transient state
(temporarily or permanently) or when voltage or
current amplitude modulation is implemented for
control purposes.
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How sub-harmonics affect the power system? The
major problems offered by Sub ??? harmonics are
induction generator effects, torsional interactions,
torque amplification, sub ??? synchronous
resonance, and transformer saturation. Also, Sub
?7?7? harmonics generated from capacitors may
introduce errors in phasor estimation. This may
cause mal-operation of distance relays.

Raza Haider, Chul-Hwan Kim, in Integration of
Distributed Energy Resources in Power Systems,
2016. It also discusses ferroresonance and
subharmonics, and concludes with an explanation of
the nature of harmonic studies and their importance
in modern system design. The term "power quality"
refers to the purity of the voltage and current

When these interharmonics are present in a power
system, we call these power system interharmonics.
Note that there are also subharmonics, which are
fractional multiples of the wave's frequency. These
various frequencies are shown in the graphic below.
Graph showing harmonic content ranges in real
power systems.
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Harmonic distortion is one of the disturbances that
most affects the quality of the electrical system. The
widespread use of power electronic systems,
especially power converters, has increased
harmonic and interharmonic emission in a wide
range of frequencies. Therefore, there are new

needs in the measurement of harmonic distortion in
modern electrical systems, ???

The research on complex behaviors breaking out in
power electronic systems started in the 1980s
[124,125]. The early research work mainly focused
on relatively simple DC-DC conversion circuits

In some power systems, voltage waveforms contain,
apart from harmonics, interharmonics and
subharmonics that are components of frequency
less than or not an integer multiple of the
fundamental frequency. Voltage subharmonics and
interharmonics may be of both a positive and
negative sequence, independently of their

frequency. Previous papers on ???
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What is Subharmonics in power systems?
Sub-harmonics are components of a power signal
which have a frequency that is a fraction of the
fundamental frequency. What is subharmonic
oscillation? This instability is known as sub-
harmonic oscillation, which occurs when the
inductor ripple current does not return to its initial
value by the start of

The theoretical methods employed may be
extended to other subharmonic frequencies and
also to combinations of subharmonics. A theory is
developed to enable the calculation of the existence
region for all practical cases concerned with static
magnetic circuits. {Wright1970SubharmonicOl,
titte={Subharmonic Oscillations in Power
Systems-Theory

In some power systems, the voltage waveform
contains frequency components less than
fundamental, called subharmonics or
subsynchronous interharmonics. Voltage
subharmonics can be both positive- and
negative-sequence, independent of their frequency
(order). Subharmonics exert harmful effects on
sundry electrical equipment, especially on ???
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