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rather PQ is the net of several compo-
nent measurements or indices. 

• Measures of voltage excursions are 
made with respect to the nominal volt-
age magnitude.  Long duration voltage 
variations (LDVV) are usually voltage 
deviations of ±5% of the nominal voltage 
level for a time duration of more than 1 
minute.  Short duration voltage varia-
tions (SDVV) are voltage deviations of 
more than ±10% from nominal for a 
duration of about a half cycle of the sys-
tem frequency up to 1 minute.  SDVV 
with deviations of below 10% of the 
nominal value are generally known as 
voltage sags or voltage dips while SDVV 
above 10% of the nominal are called 
voltage swells.  Transient voltage varia-
tions are typically high frequency voltage 
variations resulting from lightning 
strikes, capacitor switching, line switch-
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Power Quality (PQ) has become a major concern 
in electric power systems with the increased 
proliferation of computer electronic loads and 
power electronic devices in the power system, 
and more consumer interest in power delivery 
issues.  Understanding PQ requires taking on the 
viewpoints of the electric utilities, consumers 

and operators of electrical equip-
ment.  Regulatory codes require 
compliance with stated standards 
of power system performance 
measured in terms of quality and 
reliability.  Yet notwithstanding all 

the quantitative and qualitative technical as-
pects of PQ, it has heretofore remained primarily 
a consequential characteristic rather than a 
planned objective for power systems.  Perhaps it 
is time to consider integrating PQ objectives in 
the planning process.  As such, PQ must fit in 
with all the other objectives of power system 
planning – thermal capacity adequacy, voltage 
security, stability, etc.  The challenge for the 
planner is to take into account the already com-
plicated planning process and integrate PQ. 
Different conventional planning tools are utilized 
for power system planning: power flow studies, 
short circuit calculations, transient stability 
analysis and electromagnetic transient simula-
tions, among others.  The different planning time 
horizons utilized in these tools can be utilized for 
analyzing PQ issues arising from the simulations 
since PQ concerns account for time ranges. 
 

General PQ Definitions 
Before we go any further, let us first define some 
PQ terms.   
• Power Quality is a measure of the quality of 

voltage, current and frequency in an electric 
power system.  It is a relative measure in 
that acceptable voltage, current and fre-
quency may be different for different stake-
holder.  It is thus not  single measure but 
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ing and ferroresonance, etc. 
• Measures of power frequency variations 

are made with respect to the nominal sys-
tem frequency.  The timeframes of interest 
range from seconds to minutes. The ac-
ceptable frequency variations usually de-
pend upon the size of the power system in 
study, or more specifically, the total inertia 
of the rotating synchronous machines 
within the system. 

• Voltage fluctuations are systematic voltage 
excursions not exceeding the LDVV limits. 
Flicker, more commonly called voltage 
flicker, is an unsteady visual impression 
from a light source as a result of voltage 
fluctuations.  Flicker severity can be short 
term (PST) or long term (PLT).   

• Voltage unbalance is normally referred as 
the negative sequence unbalance factor 
(NSUF) which is derived from dividing the 
negative sequence voltage from the posi-
tive sequence voltage, expressed in per-
centage.  Other applications define voltage 
unbalance factor (VUF) expressed in per-
centage as the maximum deviation from 
the average of the three-phase voltages 
divided by the average of the three-phase 
voltages.  Certain electric utilities would 
differentiate voltage unbalance limits for 
steady-state and disturbance state.      
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Pterra's short courses cover new 
and evolving technologies in 

power system engineering and 
analysis topics.  The courses 
range from a day to 5 days of 

intensive, focused discussion on 
specific, timely topics.   

For a very short time commitment 
from you, come away with the 

latest thinking on power technolo-
gies, and bring this directly to 

your area of application. 
 

Format 
Class time is split equally between 
formal lecture/discussion sessions 
and hands-on sessions.  The hands 
on sessions provide practical exer-
cises in implementing the concepts 
and methodologies covered in the 

lecture/discussion sessions.  
Computers will be provided for course 
participants.  Participants may wish to 
bring their own laptops with their own 
licensed analytical software.  Pterra's 
instructors can provide coaching for 

most software packages.  

Location and Activi-
ties 

Live courses are held at Pterra's Train-
ing Facility in Albany, New York, lo-

cated 5 minutes from Albany Interna-
tional Airport on Wolf Road.  Over 20 

hotels and restaurants within 10 
minutes make this an accessible 

location.  Also, the location is within a 
day's driving distance from anywhere 
in the Northeast US and eastern Can-
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• Harmonics are sinusoidal voltages and 
currents which have frequencies which are 
integer multiples of the nominal power 
frequency.  Popularly utilized harmonic 
indices are total harmonic distortion (THD) 
and total demand distortion (TDD).  THD is 
the ratio of the root mean square of the 
total harmonic content to the root mean 
square of the fundamental quantity while 
TDD is the ratio of the root mean square of 
the total harmonic content to the root 
mean square of the rated or maximum 
quantity.  THD is mostly applied to voltage 
while TDD is applied to current.   THD and 
TDD limits vary as a function of the operat-
ing voltage level.    

Integrating PQ in Plan-
ning Studies 
Knowing the nature of both power system plan-
ning studies and PQ indices, we are now ready 
to integrate PQ in planning studies.  
Planners use power flow studies to plan for 
steady-state thermal capacity and voltage con-
trol during all-in and contingency conditions. 
The acceptable levels are codified in the reliabil-
ity criteria.  In a power flow case with bus volt-
age magnitudes deviating from the nominal at 
±5% level at pre-contingency condition those 
voltage magnitudes are considered LDVV. At 
post-contingency conditions, the resulting volt-
age criteria violations with range, ±10%, and 
deviation violations can be analyzed as voltage 
sags or voltage swells.  The impact of voltage 
change in every contingency thus can be evalu-
ated as sags or swells. Further, if a three-phase 
power flow tool is utilized where phase voltages 
are calculated, the VUF can be computed at 

each power 
delivery point.   
Planners 
would also use 
short-circuit 
analysis to 
evaluate 
breaker inter-
rupting capa-
bility after 
system 
changes such 
as intercon-
necting a new 
power genera-
tion source or 
adding a new 
transmission 
line.  Short-
circuit calcula-
tion programs 
include the 
feature of 
computing a 
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Figure 1:  Example of an area of vulnerability.  
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bus voltage profile when a fault is applied to a 
bus or along a power line.  This feature is useful 
for assessing voltage sags and swells useful in 
identifying the area of vulnerability to certain 
power system faults in the surrounding area.  
This is shown in figure 1.  The area of vulnerabil-
ity characterizes system performance to SDVV 
and to determine voltage ride-through capability 
or settings of power generation sources and 
voltage-sensitive loads. 
Long and short duration voltage variations and 
frequency variations can be extracted from tran-
sient stability simulations.  Though conducted in 
phase domain, transient stability simulations 
can offer perspective to voltage sags and swells 

(Continued from page 2) 

ada.  
We also offer this course at spon-
sored locations.  Please contact 

Pterra for details. 

Accreditation 
Pterra's courses have the following 

accreditations: 

• New York State Department of 
Education as a Sponsor of Engi-

neering Educational courses 

• North American Electric Reliabil-
ity Corporation as a Continuing 
Education (CE) provider.  Pterra 

is recognized by the North Ameri-
can Electric Reliability Corpora-
tion as a continuing education 
provider who adheres to NERC 
Continuing Education Program 

Criteria. 

Schedule 
For the latest open-registration 
schedule, please visit us on the 
web at www.pterra.us/training. 
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due to faults, load changes, generation changes 
and other system disturbances.  In fact, voltage 
stability can be considered voltage quality. Sys-
tem frequency plots due to load switching or 
generation outages in the time frame of interest 
are valuable for frequency quality evaluation.    
Electromagnetic transient simulations are the 
closest in characteristic to PQ analysis.  The 
main drawback in this type of studies is the 
extra detail in modeling of components but this 
characteristic brings forth a good dimension 
when applied to PQ analysis.  All PQ variables 
discussed above can be studied using any elec-
tromagnetic transient type software given simu-
lation trade-offs in time and modeling.  Arc fur-
naces, power electronic controls and other so-

(Continued on page 4) 
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Figure 2. Voltage quality at four 115kV buses in response to one breaker failure contingency.  
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Figure 3: Voltage quality at a 115kV bus in response to one line outage contingency with ten different 
generation dispatch scenarios.  
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phisticated devices can be modeled in detail in 
electromagnetic transients program and their 
PQ impact quantified. 

Voltage Quality Case 
Studies 
The following three voltage quality case studies 
were derived from practical impact studies in 
the Northeast Interconnection in North America. 
 
The first case study focuses on the voltage mag-
nitudes of four 115kV buses as a result of a 
breaker failure contingency, see Figure 2.  Con-
sidering a fault clearing delay of say 20-30 cy-
cles, the buses’ voltage sags or rise as shown in 
the figure. A voltage rise is observed at bus 0, 
while voltage reduction is seen at buses 1 to 3. 
Buses 1 and 3 voltage response can be consid-
ered as voltage sags as the buses voltage devi-
ate greater than 0.10 per-unit.  To correct this 
poor bus voltage response due to the breaker 
failure contingency, reactive power compensa-
tion may be needed.  
The second case study, figure 3, pertains to a 
certain 115kV bus voltage performance af-
fected by a single line outage contingency in ten 
different generation dispatch scenarios.  Keep-
ing in mind the fault delay clearing time, due to 
the line contingency, the 115kV bus voltage 
sags for scenarios 1 to 2 and 7 to 8 while volt-
age is kept to acceptable magnitude with other 
scenarios.  Improving the bus voltage perform-
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ance for scenarios 1, 2, 7 and 8 may require 
reactive power redispatch from generators or 
added reactive power compensation but caution 
must be applied since this can result to voltage 
rise if other scenarios are to be considered. 
For the third case study, dynamic voltage re-
sponse of four 230kV buses due to a three-
phase fault is shown in figure 4. All four buses 
are observed to have dipped as a factor of the 
fault current, fault location and fault clearing 
time.  Since the fault is near bus 49, the voltage 
at this bus had the severest voltage sag while 
the voltage at bus 50 had the least sag with 
shortest sag duration.  In practice, if the under-
voltage protection of rotating machines near 
bus 49 tripped, adding dynamic reactive power 
compensation should be studied to improve the 
voltage sag performance. 
 

Conclusion 
Overall, there are opportunities to integrate PQ 
analysis in conventional power system planning 
studies.  The above discussion of integrating PQ 
analysis in various studies can be useful in pro-
viding a PQ viewpoint in the planning of electric 
power systems. The result is a power system 
planned and operated not only for economics 
and reliability but also for power quality. 
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Figure 4. Voltage sags at four 230kV buses in response to a 3 phase fault near bus 49.   


