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Summar 'y

A brief overview of t he | ssu

Har monics pose a significant chall en
tems, particularly when using Variab
(VFEDs). These harmonics can | ead to
crease maintenance cost s, and compl i

SmartD Tech6Cdleaqi Peower VFD offers a

breaking solution that eliminates ha
source. This white paper delves into
reaor|l d evidence, and the advantage:
proach over traditional mitigation s

11 EEE 519

To understand t&iai thoantehhe meani ng
har monics, a basic kno2v0 22 gies off el EEE
guired.

Il EEE 519 is a standard developed by
El ectrical and Electronics Engineers
guidelines for controlling harmonics
The goal of I EEE 519 is to |imit har
electrical net works, ensuring reliab
ment and minimizing the adverse effe
the electrical grid and connected de
Key Concepts and Vocabul ary
Har moniFceguencies that are integer

the fundamental frequency (e.g.,
ics can distort voltage and curr e
| eading to various operational i
Tot al Har monic Di atmetasone( ©HDJ) he

overal/l har monic distortion in a
waveform, expressed as a percent e
damental frequency.

Total Demand Di stAornmeiaosnur(eT DbOd) :t he
har monic distortion in current, e
centage of the maxi mum demand | oc¢
the peak current over a specifiec



Mat hemati c al

| EEE 519
di stortion.
and TDD. The

Expl anati on

sets specific |imits for bo
These | imits are
basic formulae involved
THD (Tot al

Har monic Distortion):

JVZ+VE+ V2 + -+ VE

THD =
Vi

Wherqgqi ¥ the RMS value of the fundame
cy, and;V&and,ar e the RMS values of th
monic frequencies.
Demand

TDD (Tot al Distortion):

JBE+IEZ+12+ -+ 12
I

TDD =

Whereid the maxi mum demand Il,,oad curr e
l3, 4,| &@8ndy,alre the RMS values of t he har
rent s.

519

provides guidelines and | im
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point wheredthed ecisti cmér system c
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Considerin
ot her nonl

g
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vi dual VEDs

combi ned i
tion | evel

| & therefore

S

the cumul ative effect of
near | oads within the ins
may comply with | ocal h a
mpact can contribute to hi
at the PCC.

essential to manage THD
wi t hi®&n itnhset aclulsattoi noenr

vi dual VFEDs

For mo st systems,
THD for voltage at

EEE 519 sets a ma.
5 %. This means t h

should not exceed 5% of the fundamen
Individual Total harmonic
Bus voltage 1" at PCC harmonic (%) distortion THD (%)
V<10kV 5.0 8.0
1kV<FV=69kV 3.0 5.0
69kV <F=161kV 1.5 2.5
161 kV <V 1.0 1.5
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The all owabl e TDD for current varies
size of the loadiamcmdithe ashortat the
The | EEE 519 standard sets | imits on
distortion is allowed for each har mo
on a percentage of the maximum | oad
defines | imits for Tot al Demand Di st
monics are grouped into categories,
di fferent | imits depending on the sy
the ratiocbfcaehbrturrent to maxi mum
rentsd ()I.
Individual harmonic limits. Harmonics values are in % of maximum demand load
Isc/lp 2<h<é6 6=sh<1l 11sh<17 17sh<23 23<h<35 355hs50 TDD
0Odd Even Odd Even Odd Even 0dd Even 0dd Even 0Odd Even
<20¢ 4.0 2.0 4.0 4.0 2.0 2.0 15 15 0.6 06 03 0.3 5.0
20<50 7.0 35 7.0 7.0 35 35 25 25 1.0 1.0 05 0.5 8.0
50<100 10.0 5.0 10.0 10.0 4.5 4.5 4.0 4.0 1.5 15 0.7 0.7 120
100<1000 12.0 6.0 12.0 12.0 55 55 5.0 5.0 20 20 1.0 1.0 15.0
>1000 15.0 7.5 15.0 15.0 7.0 7.0 6.0 6.0 25 25 14 1.4 20.0
) %% %% AA-AOWXOAT O $EOOI OOEIT T |, E4eEH®DO £ O 3U



| St ands f ecri rschuartt current . 't is th
current that would flow if- there wer
circuit at a specific point in the e
value is important because it indica
maxi mum current that the system can
a fault condition.

To calculate I'L (the maxi mum demand
average of the highest monthly deman
the past 12 mont hs. l deally, you nee
mont hly maxi mum demand current for t
this data isn't -aovrai-BhOarbu tee iunstee rlvba l

kwh and/or kVA data from utility met
not available, rely on the monthly p
usually show the maxi mum demand in Kk
t hese kVA values to current, sum up
and then divide by 12 to get the ave

may wuse for | L.



2How traditional VFEDs gen
moni cs

Ordinary VFDs generate harmonics at
and output.

On the motor side, the VFD creates a
ulate a sine wave. However, this PWM signal, character -

ized by alislgamavel tage waveform, inev
duces harmonics due to the | imited s

of | GBTs. On the grid side, the diod
draws cur rleinneairolny at the voltage wa
peaks, resulting in a current wavefo
content .

PWM signal s, switching frequ

| GBT | i mitations.

P WM

Pul se Width Modul ation (PWM) is a te
used in VFDs to generate an approxin
dal AC ignal from a DC source. The

s
volves switching the DC voltage on a
guencies, modulating the width of th
the average voltage, and effectively
AC voltage output.

How does PWM wor k?

Switching:

The DC input is rapidly switched on
transistors at a high frequency.
Modul ati on:

The width of each pulse is varied (n
the desired amplitude of the AC sine
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Smoot hing:

l nductive and capacitive el ements in
smooth out the pulsed signal, result
that approximates a sine wave.

| mpact on Har moni cs:

the PWM signal i nherently contains h
due to it-Bi kquaewaeeform characteristi
sharp transitions between on and off
hi gtfhr equency components into the sig
har monic distortion. The primary har
by PWM include:

Switching Frequency Har moni cs:

These are multiples of the switching
modul ate the signal

Sideband Har moni cs:

These occur around the switching fre
mutiples, influenced by the modul ati

Switching Frequencies

Switching frequency refers to the ra
er transistors (1 GBTs) in a VFD swit
erate the PWM signal

This frequency is a critical par amet
guality of the output waveform and t
monic distortion

Low vs Hi gh Switching Frequencies:
Low Switching Frequency:

Traditional VFDs wusing | GBTs typical
ing frequencies ranging from 2 kHz t
guencies result in a modéekepr WMunced
signal, |l eading to higher harmonic <c
Hi gh Switching Frequency:

Modern VFDs ut-bhhdgap wwB€&) semicond
tors, |like SiC and GaN, can operate
guencies, often exceeding 50 kHz. Hi
guencies result in a closer approxin
significantly reducing harmonic dist
| mpact on Har moni cs

Hi gher switching frequencies produce
waveform with | ess harmonic content.
har monics translates to | ower Tot al
( THD) and fewer negative i mpacts on
electrical grid.



|l ntegrated Gate Bipolar Transisto
tions:

| GBTs are the power transistors comn
tional VFDs for their ability to han
currents. However, they have inheren
affect the performance and efficienc
Limitations of | GBTs

Switching Speed:

| GBTs have sl ower switching speeds ¢
semiconductor technol ogi es This | in
achievable switching frequency, | ead
monic distortion

Switching Losses:

Each switching event introduces | oss
gy dissipated during the transition

states. These | osses increase with s
l'imiting the efficiency gains from h
Ther mal Management

Hi gher switching frequencies gener at
cessitating robust ther mal managemen
adds complexity and cost to the VFD

|l mpact on Har moni cs:

The sl ower switching speeds of | GBTs
creation of more pronounced harmonic

the PWM signal
Har moni cs can have se
electrical systems &n

veral consequen
d oeodku iag mda rhte.m L e
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31 mpact of Har moni cs
Effects on motors:
The presence of harmonics increases
rent in motors, |l eading to higher <co
This excess current manifests as hea
t her mal nui sance trips and degrade n
over ti me, moreover it translates 1in
ciency.
Additional |l yi,nchmaaem nhiicgh dVv/dt can <c
arcing, damaging motor windings and
reducing motor | ifespan and fficien
Har monic currents also create torque
the moto These pulsations are peri
torque that can cause mechanical vib
additional wear on motor bearings an
mechanical stress can | ead to premat
component s.
Effects on electrical system
Oversized conductors, equipment wear
pliance.
Har monics in electrical distribution
oversizing conductors, increasing ca
iting future scalability.
Equi pment connected to the grid, suc
and lighting, can suffer from excess
ture wear, and operational inefficie
with | EEE 519, which I imits THDiIi to
mmon c¢coupling, is essential to avo
ut ||Ilt9/ %ArW|ders
Economic i mpact
Mai ntenance costs, penalties, and ef
The financi al i mplications of har mon
ni ficant. Facilities may incur incre
sized conductors, additional <cooling
guent equipment reptamelmeance Wiomnh
|l EEE 519 standards can result in pen
companies, adding to the overall <cos
al |l vy, operational inefficiencies due
to higher energy consumption and inc



4 Common Har monic Mitigat:i
gl es

Line Reactors and Passive Fi

Line reactors and passive filters in
VFD and the grid can reduce THDi . Ho
tors only reduce THDiI to 40 %, i nsuf f
519 standards.
Passive filters can achieve the requ
cost of efficiency, space, and maint
Active Harmonic Filters
Active harmonic filters dynamically
cancel out harmonics, providing a mo
tion than passive filters. However,
reqguire substantial maintenance, and
plexity of the system.
Challenges and | imitations o
tion strategies.
Har monic mitigation strategies, whil
with their own set of challenges nd
stalling sinusoidal filters, |line re
0AOOEOA (AOI T 1T EROQE|COAfDI | ters between a VFD and its
can reduce harmonic distortion, but
ten fall short of complete eliminati
Sinusoidal filters help smooth the o
can be costly and require regular ma
opti mal performance.
Line reactor s, although effective in
currents, only decrease THDi to arou
insufficient to meet the stringent |
Passive harmonic filters can achieve
|l evel s, but they are compl ex, and bu
precise tuning and ongoing upkeep to
These mitigation measures also intro
|l osses, reducing overall system effi
operational costs over ti me
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of mitigation ef f.

effectiveness and
mitigation strategies, it b
nal met hods, while beneficia
nomical or efficient.
nd passive harmonic f
, but their high ini
d maintenance needs
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ed for maintenance and enhancing o
e The higher initial cost of a
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har moni cs

Wh at S |

Whi | e

h e

much of the focus on
side of VFDs, it is equally importan
monics on the motor side. As describ
har monics on the motor side can | ead
mai ntenance challenges that can sighn
mance and | ongevity of motors.

about t motor

Sinusoi dal filters

|l ters bet wee
the motor si
require sig

I nstalli
can
nat e
and

ng sinusoidal fi
reduce harmonics on
them. These filters
mai ntenance.



