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i:g% HectromagneticCompatibility (EMC)

A It describes the ability of a device
to resist electrical interference
and not to emit electrical
Interference to other devices

Eliminating radio interference

. . Radioactivi Resistance to interference
A Natural electrical interference Gl Raibkiaie
i nghtnlng Harmonic distortion o Protection against contact
.I. MagnetiC fleld that Surround the Magnetic fields Electrical corrosion
g|0be Lightning protection Biological effects

Electrostatic

Corona N

Microwaves \./

TEMPEST

NEMP

A Unnatural electrical interference

I Interferences occur when
electrical energy is used. This
interference can disperse through
air or electrical wiring

I 1.elight switch may cause flicker on
old TVs or radios
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i Interference diffusion paths

Conducted Radiated
Emission Emission

205HHZ; 2 5KHZ
: . 150KHz
Harmonic

Transmittedthrough mains and  Emitted from the VSD housing

earth cables and motor cables




Harmonic cause and effect

A PowerElectronics equipment with input

rectifiershave the drawback of increasing the
non-sinousoidalcurrents into the power I Iy

network / \ /' \

A Pulseinput current which does not follow

f
tfoll WARW o]
voltage waveform cause3uirrent Distortion R i e WW

THID

A THiDcauses: " W
T Transformer and/or cable overheating

T Nuisance switchgear trips

T Stress on Power Factor correction banks, etc.

A When multiplyingTHiDby the impedancef the
system, it causegoltage DistortionTHvD

A THvDcauses:

I Malfunction and/or breakdown of electronic
equipment

T Increasedosses with motor running iBOL, etc. '

A NB! Harmonic distortions amepetitive and

continuouslydeform the voltage or current
waveforms.




Eﬁgﬁﬂ Harmonics Limits

£

System Level (  THvD limits)

AS 61000.3.6.2001 (TRIEC 61000.3.6.2012)>

System Level (  THvD Limits)
AS 61000.2.2.2003 (Domestic)
AS61000.2.4.2009 (Industry)

Product Level( THID Limits)
AS61000.3.2.2007 <=16A (VSD <1kw)
AS61000.3.12.2006 16 to 75A
AS61000.3.4.2007 > 75A

Utility
D . IEEE 519.2014  Utility
sC limit THYD @ PCC
PCC1 # IEEE 519.2014 customer
limit TDD @ PCC
Customer / Utility
Z1
> PCC2
- * * *
Z Z Fd Z
—» PCC3 PCC3 PCC3 PCC3
- P -
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i Mitigation Techniques

Active:

Active filter (AAF)
Low Harmonic Drive (LHD)
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Active Front End with PWM-rectifier (AFE)
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ﬁ;; Harmonic Considerations

A Identify the applicabl@HiD THvDharmonic limit to meet the relevant standardslgctricity code
and installation rules of thelectrical distributor.

A vSDsuppliershall providedetails of all harmonic currents up to and including the 49th when _
operating at full load and provide an estimation of the total harmonic voltage distortion resulting at
the point(s) of common coupling due to the installation of all the VSDs on the project.

A Detailssuch as
i Single Line Diagram (SLD),
T Supply transformer size, type, voltages and impedance

i short-circuit power or shortcircuit current at the primary side of transform@SCR has a decisive impact on
the filter performance)

i Linear and no#inear bads schedule with their diversifactor

i Standby, duty and assist loads

i Power factorcorrection banks

I andother relevant supply network data will be supplied to enable this calculation tode

A If this simulationconcludes the total harmonic voltagand/or current distortionis expected to be
above the value prescribed by relevatandards oelectricitydistributor, the VSD manufacturer
shall propose additional passive or active advanced harmonic filters to reduce the harmonic
distortion to withinlimits.
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A.%?é. High frequency @nducted noise

A Useof Active Power Techniques such as
Active Front Ends, Low Harmofave, and
ActiveHarmonicFiltersmake it possible to
reduce the harmonic currenthowever it
may cause High Frequency conducted
disturbances & Harmonic Resonances >2Kh s

A 2-150kHz frequency range is currently not
coveredby international standardsMainly
due to the lack of reported cases and
complexity to simulate them

A Factorscausing significarimpact on
Harmonic Resonances are:
i Switching frequency L
i .
EMlfilter design e I
Supply Network Impedance R L

i
i
i
i Supply Network Short circuit Ratio

A Possible solutiomddingHFPassive Filters to
reduce both the discrete frequency and the
band of frequencies levels.




ﬂ??? How can HFdisturbances be
¥ minimised?

A Whenever possible, limthe number of devices using power electronics with
switching technologies in the same part of the grid.

A Consider adding HfFarmonics filters.

A Avoid switchingrequencies of the power electronic equipment in the frequency
band allocated focommunicationsor if these switching frequencies are close to
possible network resonance points

A Always consider harmonic resonance, even when applying small power rated
equipment with power electronics. High harmonic order resonances can be
especially troublesome, becausésignificantheat and interferenceavhich could
Created.

A EN6100@-4 recommendations for compatibility levels tihe frequencyrange 2
9kHz are not considered in any EMC susceptibility tests for electrical equipment.
As a result, applying these recommendations does not guarantee safe operation
for allconsumers at the power network.



MRW The nature of thdrRFlI

1004
0.866 -

0.50 +

0504 ™

-0.866 1
-1.00

Hﬂ Switching pattern of phase U

=== Phase voltage (0-point = half the intermediate circuit voltage)
= Combined voltage to motor

A VSDs typically us&NMfor the

generation of the 3 phase
voltages by switching the
transistors ON and OFF at a very
fast rate

Thehigh frequency switching of
relatively high currents by ¥SDs
output transistorsand the very
short rise times of each pulse can
result in highlevels ofRFI noise
radiated and/or conductedonto
the mainssupply, control wiring
and devices
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«= manufacturer's instructions

A AS 61800.2005 (IEC61808:2004) standard specify the EMC requirements and
the recommended engineering practice foower drive systems, NOT only VSDs

A ThePower Drive System consists of a Complete Drive Module (VSD), the motor
and its interconnection such as motor cables, control cables, supply cables,
junction box, contactors, etc. except for the driviead

Power Drive System

Supply Feeding  Supply Frequency
Transformer Equipment Cable Converter Motor Cable
U E D D D E Em S S e s s s s e 5 Maotor

Rectifier DC Link Inverter

---------------

{
I
|
|
I

e i ——
Junction Box .
Or Isolator
(if fitted) ___I_':_'__.
Factory Earth M.c_-to.r
Control Cables auxiliaries
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Conducted

Emission

Install RFI Filter, a low pafiser
to reduce the HF commemode
current to acceptable levels
TheRFI Filterglesigned is based
on the input current to the VSD
andmaximum.allowable motor
cablelength.

InstallScreened Motor Cable
bonded at both ends tensure a
low impedance patiior HF
commonmode currentto go
back to the VSD

RFI Mitigation Techniques

Radiated
Emission

Install Screened Motor Cable to avoid capacitive
coupling, inductive coupling and Electromagnetic
coupling.

Follow Cable Segregation and Routing as per
manufacturer.

LG Aa SaaSydAalrt OGKIFG Y2
glandedand terminated at both ends. This means
ensuringthat the screen makes contact through 360
the gland.

Donot break the screen at.any point between the VS
and the motor.

NoPigtail at cablecreen!!



Bearing Motor CurrentseDM

A Fast switching pulse widtmodulation (PWM causes high frequency
voltage pulses with respect to motor ground. High Frequerapacitively
coupled currents between the motor stator windings & rotor; and
between the motor stator windings & motdrame, can flow causing
premature bearindailures.



