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Power Quality Problem?
« Can be defined as:

— "Any problem in electric power system
manifested in

voltage, current or frequency deviations

that results in unsatisfactory operation or
failure of electrical equipments”

Quality Power Supply?

+ Refers to:

— “Uninterrupted supply of power with
sinusoidal voltage and current waveform

— at acceptable frequency and voltage
magnitude.”
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Problems with sinusoidal supply
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Transients
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Power Quality (PQ) problems-
classic definitions

Impulses/Transient: High magnitude for extremely short duration.

Sag: A momentary voltage dip last for a few seconds.

Swell: A momentary voltage rise which last for a few seconds

Over letage: A steady state voltage rise last for SEVERAL seconds

Under Voltage: A steady state voltage dip last for SEVERAL seconds

Interru ptic:-n: A complete loss of voltage for a few seconds to several hours
Flicker: a perceptible change in lamp output due to a sudden change in voltage

Harmonics: The non-fundamental frequency components of a distorted power
frequency waveform.
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Implication of Poor PQ

nts-&losses in the system
= Lower Energy Efficiency
= Blocked capacity
= Additional heating and lower reliability/ life
= Failure of equipment
= Mal-function of equipment
= Poor operational efficiency
= Poor quality of products manufactured
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Some typical PQ disturbances

Voltage sags

large loads, and

Major consequences:

Major causes: faults, starting of

accelerated aging, loss of data or
stability, process interrupt, etc.

- '

Capacitor switching transients

Major causes: a power factor
correction method

Major consequences: msulation
breakdown or sparkover,
semuconductor device damage,
accelerated aping, loss of data or
stability

Harmonics

Major causes: power
electronic equipment, arcing,
transformer saturation

Major consequences:
equipment overheating high
voltage/current, protective
device operations

lightning strikes

msulation

breakdown or sparkover,

semiconductor device damage.,
accelerated aging, loss of data or

stability
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personal safety

High impedance faults

(One of the most difficult power system
protection problems)

Major causes: fallen conductors, trees (fail
to establish a permanent return path)

Major consequences: fire, threats to
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Power Quality Issues

Transients
8%

”

Voltage Sags
60%

Voltage Swells
29%

Interruptions
3%
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Voltage Sags

» Reduction in the ac voltage, at the power frequency, for
durations from a half-cycle to a few seconds.

» Magnitude between 90% and 10%

» Voltage Sag is Characterized by two parameters — Magnitude
and Duration

> Power Electronics Loads are Sensitive to Voltage Sags
» Impacts Industrial Customers 7 to 8 Times More Likely Than

Outages . € Duration (4 Cycle)——
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Case Study ap0|
(Voltage Sag in Wind Mills)

This Is a typical case of Wind Mills tripping
due to Voltage Sag

Voltage Sag caused by tripping of another
feeder in the same Sub Station due to earth
fault

Rise in load current experienced

Suspect of induction Generator aiding the
fault
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Current rise in WM Feeder
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Tripping of WM Due to Sag
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Grid Disturbance in 110 kV SS .
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Voltage Sag
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Voltage Sag B,
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Event Details/Waveforms

7 i AN ANAY a ANTA! FANAN FANTAN ANITAN [
. VAN A I NINAANATA N AANATAN
N IR ERN AN AR TRy
s 4L VAT VAT AR P AN SN AN A A VT T
LM PV TV AANK S AN AN PV VR TV T LA
AT IV VYN VN VR VY A AV
A AN VAT VA V/ VARVIVERYVIRV.VIRV.VERY.
W VARV VARV WO WOV W (VARY VARV,
5;_'___""_""__"_iﬂ‘g@;_,___:__T__;_"f____ _________________________ _
ol N i
§3,:,_' \*——0—0—0—/

C<PPER

ferermwvomal Capper Premstior Comect] fneial

Duration (sec.) 0.02038 0.09038




Case Studies (Voltage Sag)

« This is a typical case of tripping of Variable Drives due to
Voltage Sag experienced by a Textile Mill at Coimbatore

* Voltage Sag caused in the Feeder due to fault tripping of
another feeder in the same Sub Station

« Voltage Sag magnitude is dependant on the strength of
the Grid where the load is incident

« Duration of Voltage Sag is dependant on the duration of
the equipment isolating the fault from the Grid
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Tripping of Drives Due to Voltage Sag
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Case Study (Voltage Swell)

* This a case study of Voltage Swell

 Voltage swell caused in a Wind Mill
connected feeder

* Voltage Swell seen when Wind Mill
connected feeder Is isolated manually

 Voltage swell due to discharge of
Capacitors connected for PF correction
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Voltage Rise in WM During Supply Fallure
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Bipolar Transient
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B-Phase voltage Drop out
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Voltage SAG
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Phase Shift Event
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Case Study (Transient) 0

* This Is a typical case of Transient caused
by switching of a capacitor bank in the Sub
Station

* Voltage transient Is seen In all the feeders
connected to the Sub Station

* \Voltage transient is also dependent on the
strength of the Grid




Transient
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Transient due Tripping of Breaker

due to Inrush current
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Severe Transient
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Severe Transient
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WM Generation Vs 110 kV Bus Voltage
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WIND MONITOR GRAPH
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Case Study (Notching)

* This a typical case study of Notching of
Voltage

* Notching Is due operation of Power
Electronic devices

* Notching depth Is also dependant on the
Strength of Grid

« Width of the Notching Iis dependant on the
firing angle of the device
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Harmonic Trend in Domestic Complex
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