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SUBJECT

: POWER QUALITY

AIM

: The quality of electrical power may be described as a set of values of parameters, such as:



Continuity of service (Whether the electrical power is subject to voltage drops or overages below or above a threshold level
thereby causing blackouts or brownouts)



Variation in voltage magnitude



Transient voltages and currents



Harmonic content in the waveforms for AC power

It is often useful to think of power quality as a compatibility problem: It is the equipment connected to the grid compatible with the
events on the grid, and is the power delivered by the grid, including the events, compatible with the equipment that is
connected.Compatibility problems always have at least two solutions: in this case, either clean up the power, or make the equipment
tougher.The tolerance of data-processing equipment to voltage variations is often characterized by the CBEMA curve, which give the
duration and magnitude of voltage variations that can be tolerated. This unit describes the definition os electric power quality,its
causes and classification.It describes the impact of poor power quality on power system and guidelines of various IEEE and IEC
standards.

OBJECTIVES :
Introduces the definition of electric power quality, its causes and classification: transients, short-duration voltage variations,
interruptions, sags, swells, long-duration voltage variations, sustained interruption, under- and over-voltage, voltage imbalance,
waveform distortion, DC offset, harmonics, inter-harmonics, non-integer harmonics, triplen harmonics, sub-harmonics, time and
space harmonics, characteristic and uncharacteristic harmonics, positive-negative- and zero-sequence harmonics, notching, electric
noise, voltage fluctuation and flicker, and power-frequency variations. The formulations and measures used for power quality;
impacts

of

poor

power

quality

on

power

system

and

end-use

devices;

most

important

IEEE

and

IEC

guidelines/recommendations/standards referring to power quality are presented.
PRE TEST-MCQ TYPE:

1. Most of the power quality problems are related to ______
(a) Transmission Issue (b) Grounding Issue (c) Distribution Issue (d) all of the above

2. Which of the following is not considered as good power quality voltage
(a) Power Supply is more compared to demand (b) Constant sine wave (c) Constant Velocity (d) Constant RMS Value unchanged
with time
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3. Grounding is done (i) for safety (ii) to provide a low-impedance path for the flow of fault current in case of a ground fault (iii) to
create a ground reference plane for sensitive electrical equipment
(A) Only (i)
(B) Only (ii)
(C) (i) & (ii)
(D) (i), (ii), (iii)

4. _________________ refers to the interaction between electric and magnetic fields and sensitive electronic circuits and devices.
(A) Radio frequency interference
(B) Power frequency disturbances
(C) Electromagnetic interference
(D) Power system harmonics

5. All electrical devices are prone to failure or malfunction when exposed to one or more power quality problems
(A) True
(B) False
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THEORY BEHIND:
UNIT-I
Introduction to Power Quality
Terms and definitions: Overloading - under voltage - over voltage. Concepts of transients - short
duration variations such as interruption - long duration variation such as sustained interruption.
Sags and swells - voltage sag - voltage swell - voltage imbalance - voltage fluctuation - power
frequency variations. International standards of power quality. Computer Business Equipment
Manufacturers Associations (CBEMA) curve.

1.1 Introduction
 Power quality is any abnormal behavior on a power system arising in the form of
voltage or current, which affects the normal operation of electrical or electronic
equipment.
 Power quality is any deviation of the voltage or current waveform from its normal
sinusoidal wave shape.
 Power quality has been defined as the parameters of the voltage that affect the
customer’s supersensitive equipment.
 Power quality problems are
o Voltage sag
o Voltage swell
o Voltage Flicker
o Harmonics
o Over voltage
o Under voltage
o Transients
 Voltage sags are considered the most common power quality problem. These can
be caused by the utility or by customer loads. When sourced from the utility, they
are most commonly caused by faults on the distribution system. These sags will
be from 3 to 30 cycles and can be single or three phase. Depending on the design
of the distribution system, a ground fault on 1 phase can cause a simultaneous
swell on another phase.
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 Power quality problems are related to grounding, ground bonds and neutral to
ground voltages, ground loops, ground current or ground associated issues.
 Harmonics are distortions in the AC waveform. These distortions are caused by
loads on the electrical system that use the electrical power at a different frequency
than the fundamental 50 or 60 Hz.

1.2 Terms and Definitions:
1.2.1

Power Quality:
It is any deviation of the voltage or current waveform from its normal sinusoidal
wave shape.

1.2.2

Voltage quality:
Deviations of the voltage from a sinusoidal waveform.

1.2.3

Current quality:
Deviations of the current from a sinusoidal waveform.

1.2.4

Frequency Deviation:
An increase or decrease in the power frequency.

1.2.5

Impulsive transient:
A sudden, non power frequency change in the steady state condition of voltage or
current that is unidirectional in polarity.

1.2.6

Oscillatory transients:
A sudden, non power frequency change in the steady state condition of voltage or
current that is bidirectional in polarity.

1.2.7

DC Offset:
The presence of a DC voltage or current in an AC power system.

1.2.8

Noises:
An unwanted electric signal in the power system.

1.2.9

Long duration Variation:
A variation of the RMS value of the voltage from nominal voltage for a time
greater than 1 min.

1.2.10 Short Duration Variation:
A variation of the RMS value of the voltage from nominal voltage for a time less
than 1 min.
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1.2.11 Sag:
A decrease in RMS value of voltage or current for durations of 0.5 cycles to 1min.
1.2.12 Swell:
A Temporary increase in RMS value of voltage or current for durations of 0.5
cycles to 1 min.
1.2.13 Under voltage:
10% below the nominal voltage for a period of time greater than 1 min.
1.2.14 Over voltage:
10% above the nominal voltage for a period of time greater than 1 min.
1.2.15 Voltage fluctuation:
A cyclical variation of the voltage that results in flicker of lightning.
1.2.16 Voltage imbalance:
Three phase voltages differ in amplitude.
1.2.17 Harmonic:
It is a sinusoidal component of a periodic wave or quantity having a frequency
that is an integral multiple of the fundamental power frequency.
1.2.18 Distortion:
Any deviation from the normal sine wave for an AC quantity.
1.2.19 Total Harmonic Distortion:
The ratio of the root mean square of the harmonic content to the RMS value of the
fundamental quantity.

1.2.20 Interruption:
The complete loss of voltage on one or more phase conductors for a time greater
than 1 min.

6

1.3 Concepts of transients:
 Transient over voltages in electrical transmission and distribution networks result
from the unavoidable effects of lightning strike and network switching operations.
 Response of an electrical network to a sudden change in network conditions.
 Oscillation is an effect caused by a transient response of a circuit or system. It is a
momentary event preceding the steady state (electronics) during a sudden change
of a circuit.
 An example of transient oscillation can be found in digital (pulse) signals in
computer networks. Each pulse produces two transients, an oscillation resulting
from the sudden rise in voltage and another oscillation from the sudden drop in
voltage. This is generally considered an undesirable effect as it introduces
variations in the high and low voltages of a signal, causing instability.
 Types of transient:
o Impulsive transient
o Oscillatory transient
1.3.1

Impulse transient:
A sudden, non power frequency change in the steady state condition of voltage or
current that is unidirectional in polarity.

1.3.2

Oscillatory transient:
A sudden, non power frequency change in the steady state condition of voltage or
current that is bidirectional in polarity.
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1.3.3

Short duration variations – Interruption
The complete loss of voltage on one or more phase conductors for a time less than
1 min.

1.3.3.1 Types of Short Duration interruption:
 Momentary Interruption < 1 min , <0.1 pu
 Temporary Interruption < 1 min , <0.1 pu
1.3.4

Long duration variations – Sustained interruption
The complete loss of voltage on one or more phase conductors for a time greater than 1

min.
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1.4 Sags and Swells:
1.4.1

Voltage sag:
 A voltage sag or voltage dip is a short duration reduction in RMS voltage which
can be caused by a short circuit, overload or starting of electric motors.
 Voltage sag happens when the RMS voltage decreases between 10 and 90 percent
of nominal voltage for one-half cycle to one minute.
 Some references define the duration of sag for a period of 0.5 cycles to a few
seconds, and longer duration of low voltage would be called “sustained sag".

There are several factors which cause voltage sag to happen:
 Since the electric motors draw more current when they are starting than when
they are running at their rated speed, starting an electric motor can be a reason of
voltage sag.
 When a line-to-ground fault occurs, there will be voltage sag until the protective
switch gear operates.
 Some accidents in power lines such as lightning or falling an object can be a
cause of line-to-ground fault and voltage sag as a result.
 Sudden load changes or excessive loads can cause voltage sag.
 Depending on the transformer connections, transformers energizing could be
another reason for happening voltage sags.
 Voltage sags can arrive from the utility but most are caused by in-building
equipment. In residential homes, we usually see voltage sags when the
refrigerator, air-conditioner or furnace fan starts up.
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1.4.2

Voltage Swell:
 Swell - an increase to between 1.1pu and 1.8 pu in rms voltage or current at the
power frequency durations from 0.5 to 1 minute
 In the case of a voltage swell due to a single line-to-ground (SLG) fault on the
system, the result is a temporary voltage rise on the un faulted phases, which last
for the duration of the fault. This is shown in the figure below:

Instantaneous Voltage Swell Due to SLG fault
 Voltage swells can also be caused by the deenergization of a very large load.
 It may cause breakdown of components on the power supplies of the equipment,
though the effect may be a gradual, accumulative effect. It can cause control
problems and hardware failure in the equipment, due to overheating that could
eventually result to shutdown. Also, electronics and other sensitive equipment are
prone to damage due to voltage swell.
Voltage Swell

Magnitude

Duration

Instantaneous

1.1 to 1.8 pu

0.5 to 30 cycles

Momentary

1.1 to 1.4 pu

30 cycles to 3 sec

Temporary

1.1 to 1.2 pu

3 sec to 1 min
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1.4.3

Voltage unbalance:
 In a balanced sinusoidal supply system the three line-neutral voltages are equal in
magnitude and are phase displaced from each other by 120 degrees (Figure 1).
Any differences that exist in the three voltage magnitudes and/or a shift in the
phase separation from 120 degrees is said to give rise to an unbalanced supply
(Figure 2)

 The utility can be the source of unbalanced voltages due to malfunctioning
equipment, including blown capacitor fuses, open-delta regulators, and open-delta
transformers. Open-delta equipment can be more susceptible to voltage unbalance
than closed-delta since they only utilize two phases to perform their
transformations.
 Also, voltage unbalance can also be caused by uneven single-phase load
distribution among the three phases - the likely culprit for a voltage unbalance of
less than 2%. Furthermore, severe cases (greater than 5%) can be attributed to
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single-phasing in the utility’s distribution lateral feeders because of a blown fuse
due to fault or overloading on one phase.
1.4.4

Voltage Fluctuation:
 Voltage fluctuations can be described as repetitive or random variations of the
voltage envelope due to sudden changes in the real and reactive power drawn by a
load. The characteristics of voltage fluctuations depend on the load type and size
and the power system capacity.
 Figure 1 illustrates an example of a fluctuating voltage waveform. The voltage
waveform exhibits variations in magnitude due to the fluctuating nature or
intermittent operation of connected loads.
 The frequency of the voltage envelope is often referred to as the flicker frequency.
Thus there are two important parameters to voltage fluctuations, the frequency of
fluctuation and the magnitude of fluctuation. Both of these components are
significant in the adverse effects of voltage fluctuations.

 Voltage fluctuations are caused when loads draw currents having significant
sudden or periodic variations. The fluctuating current that is drawn from the
supply causes additional voltage drops in the power system leading to fluctuations
in the supply voltage. Loads that exhibit continuous rapid variations are thus the
most likely cause of voltage fluctuations.
 Arc furnaces
 Arc welders
 Installations with frequent motor starts (air conditioner units, fans)
 Motor drives with cyclic operation (mine hoists, rolling mills)
 Equipment with excessive motor speed changes (wood chippers, car shredders)
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1.5 Power frequency variations:
 Power frequency variations are a deviation from the nominal supply frequency. The
supply frequency is a function of the rotational speed of the generators used to
produce the electrical energy.
 At any instant, the frequency depends on the balance between the load and the
capacity of the available generation.
 A frequency variation occurs if a generator becomes un-synchronous with the power
system, causing an inconsistency that is manifested in the form of a variation.
 The specified frequency variation should be within the limits

Hz at all times

for grid network.

1.6 International Standards of power quality:
1.6.1

IEEE Standards:
 IEEE power quality standards: Institute Of Electrical and Electronics Engineer.
 IEEE power quality standards: International Electro Technical Commission.
 IEEE power quality standards: Semiconductor Equipment and Material International.
 IEEE power quality standards: The International Union for Electricity Applications
 IEEE Std 519-1992: IEEE Recommended practices and requirements for Harmonic
control in Electric power systems.
 IEEE Std 1159-1995: IEEE Recommended practices for monitoring electrical power
 IEEE std 141-1993, IEEE Recommended practice for electric power distribution for
industrial plants.
 IEEE std 1159-1995, IEEE recommended practice for Monitoring electrical power
quality.
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1.6.2. IEC Standards:
 Definitions and methodology 61000-1-X
 Environment

61000-2-X

 Limits

61000-3-X

 Tests and measurements

61000-4-X

 Installation and mitigation

61000-5-X

 Generic immunity and emissions

61000-6-X

1.7 CBEMA and ITI Curves:
 One of the most frequently employed displays of data to represent the power quality
is the so-called CBEMA curve.
 A portion of the curve adapted from IEEE Standard 4469 that we typically use in our
analysis of power quality monitoring results is shown in Fig. 1.5.
 This curve was originally developed by CBEMA to describe the tolerance of
mainframe computer equipment to the magnitude and duration of voltage variations
on the power system.
 While many modern computers have greater tolerance than this, the curve has
become a standard design target for sensitive equipment to be applied on the power
system and a common format for reporting power quality variation data.
 The axes represent magnitude and duration of the event. Points below the envelope
are presumed to cause the load to drop out due to lack of energy. Points above the
envelope are presumed to cause other malfunctions such as insulation failure,
overvoltage trip, and over excitation.
 The upper curve is actually defined down to 0.001 cycle where it has a value of about
375 percent voltage.
 We typically employ the curve only from 0.1 cycles and higher due to limitations in
power quality monitoring instruments and differences in opinion over defining the
magnitude values in the sub cycle time frame.
 The CBEMA organization has been replaced by ITI, and a modified curve has been
developed that specifically applies to common 120-V computer equipment (see Fig.
1.6). The concept is similar to the CBEMA curve. Although developed for 120-V
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computer equipment, the curve has been applied to general power quality evaluation
like its predecessor curve.
 Both curves are used as a reference in this book to define the withstand capability of
various loads and devices for protection from power quality variations.
 For display of large quantities of power quality monitoring data, we frequently add a
third axis to the plot to denote the number of events within a certain predefined cell of
magnitude and duration.

Fig 1.5 A portion of the CBEMA curve commonly used as a design target for equipment
And a format for reporting power quality variation data.

Fig 1.6 ITI curve for susceptibility of 120-V computer equipment.
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APPLICATIONS:

 Active line filters (power quality management)
Operators of industrial facilities and rail networks, in particular, use active line filters with IGBT
modules to meet the requirements of energy suppliers in terms of low mains feedback. The
applications cover a wide range of outputs, from 1 kVA to several MW with parallel power
converters. Active line filters are controlled power sources that can feed current into the network
with any amplitude, frequency or phasing to compensate for harmonics and reactive power
caused by the load. Their topology is that of an inverter with DC bus voltage, which is connected
to
the
network
via
a
filter.
Constant comparison of the actual value of the current in the network against the target value
determines the energy that must be fed from the DC link capacitors via the inverter into the
network, separately for each phase. In order to achieve good control dynamics, the highest
possible pulse frequencies must be used.

Figure 1.Block diagram of an active filter

 Energy Storage




The application "Energy Storage" includes very diverse fields of application, e.g.:
Back-up of power failures to protect sensitive consumers with UPS systems (Uninterruptible Power
Supplies)
Electric energy storage for short-term support of wind energy and PV solar systems during grid
faults and compensate for short-term production deficits
Storing large amounts of energy for long term support in a limited supply network or to integrate
producers into the grid with non-predictable, uneven power generation.
Depending on the storage volume and discharge time, today electric energy storage systems either
store directly (e.g. battery storage or capacitor storage, superconducting magnetic storage) as
mechanical energy (flywheel energy storage, pump storage, compressed air storage), or in the form
of
electrolytically
produced
hydrogen.
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Figure 2.Energy storage
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UNIT-II
SHORT AND LONG INTERRUPTIONS

1.Transients:
 The term transient refers to an event that is undesirable and momentary in nature.
 Other definition of a transient is “that part of the change in a variable that
disappears during transition from one steady state operating condition to another.”
 Transients can be classified into two categories- impulsive and oscillatory. These terms reflect
the wave shape of a current or voltage transient.

1.1 Impulsive transient:

 An impulsive transient is a sudden, non–power frequency change in the steady-state condition of
voltage, current, or both that is unidirectional in polarity (primarily either positive or negative).
 Impulsive transients are normally characterized by their rise and decay times.
 For example, a 1.2 × 50-μs 2000-volt (V) impulsive transient nominally rises from zero to its
peak value of 2000 V in 1.2 μs and then decays to half its peak value in 50μs.
 The most common cause of impulsive transients is lightning.











Fig 2.1 Lightning stroke due to impulsive transient

1.2 Oscillatory transient:
An oscillatory transient is a sudden, non–power frequency change in the steady- state condition of
voltage, current, or both, that includes both positive and negative polarity values.
An oscillatory transient consists of a voltage or current whose instantaneous value changes
polarity rapidly.
It is described by its spectral content (predominate frequency), duration, and magnitude.
The frequencies of spectral content are classified as high, medium and low frequencies.
Oscillatory transients with a primary frequency component greater than 500 kHz and a typical
duration measured in microseconds (or several cycles of the principal frequency) are considered
high-frequency transients. These transients are often the result of a local system response to an
impulsive transient.
A transient with a primary frequency component between 5 and 500 kHz with duration
measured in the tens of microseconds (or several cycles of the principal frequency) is termed a
medium-frequency transient.
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Back-to-back capacitor energization results in oscillatory transient currents in the tens of Fig 2.2
Oscillatory transient current caused by back-to-back capacitor switching.





A transient with a primary frequency component less than 5 kHz, and a duration from 0.3 to 50
ms, is considered a low-frequency transient. This category of phenomena is frequently
encountered on utility subtransmission and distributionsystems and is caused by many types of
events.
Capacitor bank energization results in low frequency oscillatory voltage transient with a primary
frequency between 300 and 900 Hz.

Fig 2.3 Low-frequency oscillatory transient caused by capacitor bank energization.



Oscillatory transients with principal frequencies less than 300 Hz can also be found on the
distribution system. These are generally associated with ferroresonance and transformer
energization.
Transients involving series capacitors could also fall into this category.

 Fig 2.4 Low-frequency oscillatory transient caused by ferroresonance of an unloaded transformer.
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2. Short Duration Voltage Variations:
 Energization of large loads which require high starting currents, or intermittent loose connections in
power wiring. Depending on the fault location and the system conditions, the fault can cause either
 Temporary voltage drops (sags),
 voltage rises (swells),
 a complete loss of voltage (interruptions)
2.1. Interruption:
 An interruption occurs when the supply voltage or load current decreases to less than 0.1 pu for a
period of time not exceeding 1 min.
 Interruptions can be the result of power system faults, equipment failures, and control malfunctions.
 The interruptions are measured by their duration since the voltage magnitude is always less than
10 percent of nominal.
 The duration of an interruption due to a fault on the utility system is determined bythe operating time
of utility protective devices.
 Instantaneous reclosing generally will limit the interruption caused by a non permanent fault to less
than 30 cycles.
 Delayed reclosing of the protective device may cause a momentary or temporaryinterruption.

Fig 2.5 Three-phase rms voltages for a momentary interruption due to a fault and subsequent recloser
operation.
2.2 Sags (dips):
 A sag is a decrease to between 0.1 and 0.9 pu in rms voltage or current at the power frequency for
durations from 0.5 cycle to 1 min.
 A short-duration voltage decrease is called as "sag".

The IEC definition for this phenomenon is “dip”.

Voltage sags are usually associated with system faults but can also be caused byenergization
of heavy loads or starting of large motors.

Figure below shows a voltage sag waveform.
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Fig 2.6 Voltage sag caused by an SLG fault. (a) RMS waveform for voltage sag event.
(b) Voltage sag waveform.

As shown in the Fig 2.6(b) An 80 percent sag exists for about 3 cycles until the substation breaker
is able to interrupt the fault current. Typical fault clearing times range from 3 to 30 cycles,
depending on the fault current magnitude and the type of overcurrent protection.
Fig 2.7 Temporary voltage sag caused by motor starting.





The above Fig illustrates the effect of a large motor starting. An induction motor willdraw 6 to 10
times its full load current during start-up.
If the current magnitude is large relative to the available fault current in the systemat that point,
the resulting voltage sag can be significant.
In this case, the voltage sags immediately to 80 percent and then gradually returns to normal in
about 3 s.

2.3 Swells:








A swell is defined as an increase to between 1.1 and 1.8 pu in rms voltage or current at the power
frequency for durations from 0.5 cycle to 1 min.
Swells can occur due to temporary voltage rise on the unfaulted phases during anSLG fault.
Swells can also be caused by switching off a large load or energizing a large capacitor bank.
Fig 2.8 illustrates
a voltage swell caused
by an SLG fault.

Fig 2.8 Instantaneous voltage swell caused by an SLG fault.
Swells are characterized by their magnitude (rms value) and duration.
The severity of a voltage swell during a fault condition is a function of the fault location, system
impedance, and grounding.
A swell is commonly defined as "momentary over voltage".

3. Long Duration Voltage Variations:
 Long-duration variations encompass root-mean-square (rms) deviations at power frequencies for
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longer than 1 min.
The voltage variation is considered to be long duration when the ANSI limits are exceeded for
greater than 1 min.
Long-duration variations can be either over voltages or under voltages.
Over voltages and under voltages generally is not the result of system faults, but are caused by load
variations on the system and system switching operations.
Such variations are typically displayed as plots of rms voltage versus time.






3.1 Over voltage:
 An overvoltage is an increase in the rms ac voltage greater than 110 percent at the power frequency
for duration longer than 1 min.
 Over voltage is usually the result of load switching (e.g., switching off a large load or energizing a
capacitor bank). The over voltages result because either the system is too weak for the desired
voltage regulation or voltage controls are inadequate.
 Incorrect tap settings on transformers can also result in system over voltages.
3.2 Under voltage:
 An under voltage is a decrease in the rms ac voltage to less than 90 percent at the power frequency
for a duration longer than 1 min.
 Under voltages are the result of switching events that are the opposite of the events that cause over
voltages.
 A load switching on or a capacitor bank switching off can cause an under voltage until voltage
regulation equipment on the system can bring the voltage back to within tolerances.
 Overloaded circuits can result in under voltages also.
3.3 Sustained Interruptions:
 When the supply voltage has been zero for a period of time in excess of 1 min, the long-duration
voltage variation is considered a sustained interruption.
 Voltage interruptions longer than 1 min are often permanent and require human
intervention to repair the system for restoration.




The term sustained interruption refers to specific power system phenomena and, ingeneral, has no
relation to the usage of the term outage.
Outage, as defined in IEEE Standard 100, does not refer to a specific phenomenon, but rather to
the state of a component in a system that has failed to function.
In power quality monitoring, the term interruption has no relation to reliability or service
continuity.
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UNIT-III
VOLTAGE SAG AND TRANSIENTS

1. Voltage sag
Voltage sags are short duration reductions in voltage magnitude and duration lasting typically from a few cycles
to a few seconds. Definition as per IEEE 1159 is a decrease in RMS voltage between 0.1 and 0.9 pu and a time
duration from 0.5 cycles to 1 min. The depth of voltage sag depends on multiple factors like network
impedance, distance of the fault occurrence, voltage level at the fault location, connected loads at the time of
fault, and voltage improvement due to reactive power components in the power system. The duration of voltage
sag is determined by the dynamics of rotating loads, system impedance, and fault clearing time.
Fig.3.1 top shows the wave shape of the voltage sag; the bottom image captures the disturbance in the RMS
voltage trend. Table 3.1 describes the peak and RMS voltage recorded just before the sag, during the sag, and
after recovering from the sag.

Fig.3.1 Wave shape of voltage sag.
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PARAMETER

BEFORE SAG EVENT

DURING SAG EVENT

AFTER SAG RECOVERY

Voltage wave shape 340
178
333
peak in volts
235
142
232
RMS voltage in v
Table 3.1. Peak and root mean square (RMS) voltage variations during sag event.
1.1 Causes
Voltage sag can be caused by many conditions, a few of which are:
1.Direct online starting of large motors
2.Switching ON large loads in one instance
3.Electrical short circuit
4.Arcing fault in the system
5.Energizing higher-capacity power transformer
6.Switching OFF large reactive power source

1.2 Impact
Voltage sag generally affects the end-user equipment in terms of malfunction of process
controllers, programmable logic controllers, adjustable speed drives, robotics in modem
industries, reduction in the performance of the motor, flickering in illumination devices, etc.
2. Transient
The power system transient is the outward manifestation of a sudden change in circuit
conditions as when a switch opens or closes or a fault occurs on a system.
2.1 Causes of transients:
The various causes of transients can be classified as
 Internal causes (device switching and arcing)
 External causes (lightning and poor electrical connections)
Internal Causes:
 Facility load switches
 On/off disconnects
 Capacitor banks switch
 Tap changing (transformers)
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External Causes:
 Lightning strikes
 Poor or loose connection
 Accidents and Human error
 Weather and animals

2.2 Effects Of Transients In Power Systems:





Under severity, black out of power system will be produced.
Lightning transient produced steep fronted wave on transmission line.
Travelling wave produced due to transient will shutter the insulations and week poles.
Cause damage to windings of transformer and generators.

2.3 Types Of Power System Transients:
1. Ultra transients
2. Medium fast transients
3. Slow transients
Power system transients based on waveform shapes can be classified in to “oscillator transients” and
“impulsive transients” and “Multiple transients”
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UNIT-IV
WAVEFORM DISTORTION
1. Waveform distortion:
Waveform distortions are common power problems that cause equipment to malfunction and sources of
power to overload. It is an unexpected change in the waveforms of current and voltage as they pass
through a device.There are five main types of waveform distortions: DC offset, harmonics,
interharmonics, notching and noise.
2. Definitions:
DC offsets are instances where direct current (DC) overlaps an alternating current (AC) distribution
system. This overlapping of two different types of current can cause overheating in the equipment.
Harmonics occur when some loads affect the main waveform of voltage. In this situation, the new loads
prevent the waveform from reaching its highest and lowest levels. Harmonics can cause circuit breakers
to trip and transformers to overheat.
Inter harmonics is a condition where a signal affects the main voltage waveform. It can cause display
monitors to flicker and equipment to overheat. Interharmonics can also cause communication issues.
Notching is an intermittent disturbance that can affect voltage. It normally happens when light dimmers
or arc welders are being used. It results in data loss and issues with the transmission of data.
Noise is any unnecessary current or voltage affecting the waveform of the main power supply. This
waveform distortion can cause data issues and equipment to malfunction.
The effects of waveform distortion can be reduced through the use of an uninterruptible power supply
(UPS) and filter equipment. Line conditioners can also be used to minimize the effect of this power
problem. Reducing the load used on a transformer can also help reduce waveform distortion. Relocating
equipment causing this common power problem can also help prevent it from happening.
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3. Voltage Vs Current distortion:
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4. Harminics Vs Transients:
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UNIT-V
POWER QUALITY SOLUTIONS
1. Introduction
Power quality monitoring is the process of gathering, analyzing, and interpreting raw measurement
data into useful information. The process of gathering data is usually carried out by continuous
measurement of voltage and current over an extended period. The process of analysis and interpretation has
been traditionally performed manually, but recent advances in signal processing and artificial intelligence
fields have made it possible to design and implement intelligent systems to automatically analyze and
interpret raw data into useful information with minimum human intervention.

Power quality monitoring programs are often driven by the demand for improving the system wide
power quality performance. Many industrial and commercial customers have equipment that is sensitive to
power disturbances, and, therefore, it is more important to understand the quality of power being provided.
Examples of these facilities include computer networking and telecommunication facilities, semiconductor
and electronics manufacturing facilities, biotechnology and pharmaceutical laboratories, and financial dataprocessing centers. Hence, in the last decade many utility companies have implemented extensive power
quality monitoring programs.

2. Monitoring Considerations
Before embarking on any power quality monitoring effort, one should clearly define the monitoring
objectives. The monitoring objectives often determine the choice of monitoring equipment, triggering
thresholds, methods for data acquisition and storage, and analysis and interpretation requirements. Several
common objectives of power quality monitoring are summarized here.

2.1 Monitoring to characterize system performance
This is the most general requirement. A power producer may find this objective important if
It has the need to understand its system performance and then match that system performance with the needs
of customers. System characterization is a proactive approach to power quality monitoring. By understanding
the normal power quality performance of a system, a provider can quickly identify problems and can offer
information to its customers to help them match their sensitive equipment’s characteristics with realistic power
quality characteristics.
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2.2 Monitoring to characterize specific problems
Many power quality service departments or plant managers solve problems by performing
short-term monitoring at specific customer sites or at difficult loads. This is a reactive mode of power quality
monitoring, but it frequently identifies the cause of equipment incompatibility, which is the first step to a
solution.

2.3.Monitoring as part of an enhanced power quality service
Many power producers are currently considering additional services to offer customers. One of these
services would be to offer differentiated levels of power quality to match the needs of specific customers. A
provider and customer can together achieve this goal by modifying the power system or by installing
equipment within the customer’s premises. In either case, monitoring becomes essential to establish the
benchmarks for the differentiated service and to verify that the utility achieves contracted levels of power
quality.
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MCQ POST TEST:
1. Lightening and Tree striking on a live conductor is an example________ Power Quality issue.
(a) Voltage Sag (b) Voltage Swell (c) Interruption (d) Surge
2. Interruption is
(a) complete loss of power (b) complete loss of voltage (c) complete loss of current (d) all the above
3. The Transients in the power system occurs for
a) less than two complete cycles b) exact two complete cycles c) less than one complete cycles d) exact one complete cycles
4. The most common cause of long interruption is ______ (a) Faults (b) Outages (c) Both (a) & (b)
(d) none of the above
5. Outage is the
(a) Removal of Primary Component (b) No Power Generation (c) Transmission Faults (d) None of the above
6.Single Phase Tripping is generally used in _________________.
(a) Transmission System (b) Distribution System (c) Low Voltage System (d) Generation System
7. The Short Interruptions occurs for
(a) Less than two complete cycles (b) exact two complete cycles (c) less than one complete cycles (d) exact one complete cycles

8. Most electrical equipment is designed to operate within a voltage of ± _____ of nominal with marginal decrease in performance.
(A) 5 %
(B) 1 %
(C) 10 %
(D) 0.5 %
9. Which of the following equipment has low immunity index?
(A) electronic medical equipment
(B) adjustable speed drives
(C) transformers
(D) electromechanical relays
10. As per the power quality indices, which of the following applications face low power quality problems?
(A) HVAC power panels
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(B) lighting power distribution panel
(C) elevators
(D) large motors

CONCLUSION:

Power quality maintenance is an important aspect in the economic operation of a system. Various power quality
problems may lead to another undesirable problem. Proper mitigation devices may be used to maintain the level
of power quality as desired. Power-quality standards address limits to harmonics and power-quality events at
the point of common coupling in power systems. Emphasis is given to causes and effects of current harmonics
on different power system components.
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ASSIGNMENTS :
1. What do you understand about power quality issues? Discuss all the power quality issues in brief.

2. Explain the cause and effect with respect to power quality point of view? What is an immunity of the
equipment? Discuss the treatment criteria for a machine.
3. Define and technically describe following terms: (1)Linear loads (2)Inrush current (3)Power
factor(displacement) (4)Voltage swell (5)Transient
4. What are the power quality standards? Discuss responsibilities of supplier and user of electrical power with
respect to power quality
5. Define the following terms 1. Displacement Power Factor 2. Flicker 3. Nonlinear load
6. Explain following terms related to power quality. (1) Grounding (2) Noise (3) Notch.
7. Explain all power quality concerns in brief.
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8. What are CBEMA and ITIC graphs? Draw and discuss the ITIC graph in detail
9. Explain different power quality solution techniques in detail.
10. Define the term “Power Quality”. Discuss the common power frequency disturbances with suitable
examples.
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