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A primer for non-electrical engineers

Harmonic Distortion in
Electrical Systems
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Quantifying harmonic content

There are many different types of nonlinear electri-
cal loads in operation today.Each type has a unique
waveform and distinct harmonic content. One way
to describe the harmonic content of a particular
source is to show the magnitude (as a percentage)
and frequency of the harmonic waves that make
up the resultant wave. For example Figure 12 il-
lustrates the most notable harmonics for a switch
mode power supply or 6-pulse, variable-frequency
drive. The missing harmonics are not shown be-
cause they are zero and do not contribute to the
distortion.

It’s typical for the magnitude of the harmonics to
decrease as the order of the harmonic increases.
As a result, sometimes higher order harmonics are
ignored because their contribution to the total is
limited.

There are several metrics to help determine and
measure the distortion caused by harmonics.

Total harmonic distortion (THD) is a measure
of the effective value of the harmonic components
of a distorted waveform.3 It can be calculated
for either current or voltage but is most often
used to describe voltage harmonic distortion. It’s
mathematically calculated as the rootsum-square
of harmonic components to the fundamental
component. THD can be measured for an existing
system or calculated for a proposed system using
the following equation:

THD = “r=

where:
M = individual harmonic component
M7 = fundamental component

M can be either voltage or current

-
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Figure 12. Harmonic content of typical 6-pulse variable-frequency drive
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However, even a small current can have a high THD which can be
misleading because it may not have significant impact if operating
in light load conditions (such as variable-speed drive). As mentioned
earlier, current distortion results in voltage distortion. There is a
similar metric used for current called the total demand distortion
(TDD).

TDD offers better insight by providing “the total root-sum-square
harmonic current distortion, in percent of the maximum demand
load current.” 4

Knowing these equations is not required in most cases but it is
important to distinguish between current distortion and voltage
distortion.

In practice the THD and harmonic content of the voltage and current
in an electrical system are measured by a power quality analyzer. The
analyzer measures the electrical system similar to a voltage meter
and is able to display the detailed harmonics content as well as the
calculated THD.
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How much is too much?

When it comes to harmonics knowing
how much is too much can be difficult
to determine. Calculating THD and TDD
for a proposed system is a complicated
process that requires a great deal of
information about the system and the
non-linear loads it will serve.

While the list of potential problems that
could result from harmonic distortion is
long, it should be noted that in many
cases harmonics in the electrical system
do not cause issues. The potential for
problems is based on; the amount of
harmonic distortion present, the size
of the electrical system, and the sensi-
tivity of equipment within the system
to harmonics.

When non-linear loads are a small frac-
tion (less than 20 percent) of the total
load, the potential to cause problems
is very low. However as more and more
non-linear loads are added to the grid,
the potential for harmonics-related
issues increases.

Think of harmonics as the ripples
caused by tossing pebbles in a pond.
In a large pond, the ripples dissipate
over distance and leave much of the
water undisturbed. In a small pond,
the ripples reach the nearby shores
and reflect back, resulting in a chaos of
interacting waves. Similarly, the size of
the distribution system and the “stiff-
ness” or “softness” of the electrical
system influence the degree to which
harmonics affect other equipment. A
large system with stiff power not only
reduces the voltage fluctuation that
occurs when an electrical load is added
to the system, but it also reduces dis-
ruptive harmonic effects.®

Standard IEEE 519 recommended limits.
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Table 1. Current distortion limits for systems rated 120V through 69kV.

short-circuit current

Total demand distortion (TDD)

load current limit
large load on small system <20 5% more restrictive TDD limit
20-50 8%
50-100 12%
100-1000 15%
small load on large system >1000 20% less restrictive TDD limit

Table 2. Voltage distortion limits.

Bus votage V atPCC

Individual harmonic

Total harmonic distortion (THD)

(%) limit
V < 1.0 kV 5.0 8%
1kV < V< 69 kV 3.0 5%
69kV< V<161 kV 1.5 2.5%
161kV< V 1.0 1.5% *

*High-voltage systems can have up to 2.0% THD where the cause is an HVDC terminal whose effects will
have attenuated at points in the network where future users may be connected.

Standard IEEE® 519 is the most
commonly referred to standard when
defining recommended limits for har-
monic distortion. It's primarily intend-
ed to define limits for the amount of
distortion that a building can place
back on the electrical grid. Distortion
placed back on the electrical grid by one
customer can impact other customers
on the same grid. The standard sets
recommended limits for harmonics at
the point of common coupling (PCO),
i.e., the electrical connection between
the building and the electrical grid (see
sidebar).

What can be done to
control harmonics?

From a building owner’s perspective it
can be difficult to predict the impact
of harmonics on the electrical compo-
nents and equipment in the building.
All buildings contain non-linear electric
loads that are generating harmonic
distortion but few buildings suffer any
ill effects. This doesn’t mean harmonics
can be ignored because there are build-
ings where they do create problems.

Caution is warranted when a large
amount of non-linear load is added to
an existing electrical system. This can
happen when “energy saving” upgrades
are made that convert linear loads to
non-linear loads.
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A common approach to avoiding prob-
lems caused by harmonics is to mitigate
harmonics where they are created. It's
not a practical option if the source
of the harmonic distortion is a large
quantity of small loads, e.g., personal
computers, but if the building has large
non-linear electric loads it may make
sense.

There are many types of mitigation
strategies that can be applied at the
equipment level with varying levels
of harmonic reduction and cost. The
amount of reduction required is de-
pendent on the other non-linear loads
on the system and the sensitivity of
other components and equipment to
harmonic distortion. In short, it can be
challenging to determine how much
mitigation is needed.

The IEEE 519 limits for the PCC are
sometimes applied at the equipmen
level. It’s a stringent requirement to
apply at the equipment level, and may
add unnecessary cost, but it can be easy
to specify and can reduce the impact
a piece of equipment might have on
the rest of the equipment within the
system.

New electrical systems can be designed
to manage some over-heating issues
caused by harmonic currents; oversized
neutrals and de-rated transformers for
example. Systems can also be designed
with transformers and other devices to
reduce the transmission of harmonics
to other equipment on the electrical
system.

Final thoughts

Harmonic distortion on electrical
systems increases with the increased
percentage of non-linear loads. The
distortion doesn’t always cause prob-
lems but it certainly can. As problems
with harmonic distortion increase with
the acceleration of energy-saving de-
vices so do the solutions for reducing
harmonic content. Understanding the
source of harmonic distortion provides
a basis for understanding potential
issues and determining resolutions for
harmonics in electrical systems.

By Dave Guckelberger, Bob Coleman and
Chris Hsieh, Trane. To subscribe or view
previous issues of the Engineers Newslet-
ter visit trane.com/EN. Send comments to
ENL@trane.com.

References

[1]11EEE 519-2014 defines acceptable limits
for harmonics in electrical power systems.
For more information, visit http://stan-
dards.ieee.org.

[2] BC Hydro website. https://www.
bchydro.com/ accounts-billing/rates-ener-
gy-use/electricityrates/ power-factor.html

[3]1 “Electrical Power Systems Quality” by
Dugan, McGranaghan, Santoso, and Beaty
(ISBN 0-07- 138622-X).

[4] IEEE Std 519-2014 - “IEEE Recom-
mended Practice and Requirements for Har-
monic Control in Electric Power Systems. “

[5] Nebuda, C. and B. Bradley. “How VFDs
Affect Genset Sizing.” Engineers Newsletter
vol. 35-1. 2006.

Engineers Update

3/3




Rule of Thumb on Examining
Chiller Performance

(for CVHE/CVHG low pressure chiller that use R123)
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