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Power Quality University

Providing an educational environment for training,
testing, and evaluation of today's power quality and data
center solutions and equipment.

P3 leads Customer Education through Power Quality
University ( PQU)

• Highly Qualified, Expert Instructors
• Practical, Relevant Topics
• Continuing Education Credits (CEU’s)

We are glad you are here, its 
almost time to “Learn about 
General Power Quality”.

While you are waiting, subscribe to 
our Podcast channel, The Power Grid 

Upcoming Events

Power Factor Correction - Friday, July 10 – 9 AM – 11 AM CDT 

Surge Protection Devices Thursday, July 23 – 12 PM – 1 PM CDT

www.p3-inc.com
www.powerqualityuniversity.com © 2026 Power Quality University

www.powerqualityuniversity.com

Agenda

Introductions to P3
Speakers & Hosts

Speaker: Brian Branigan 
Host: Amy Strong

Karah Butac

Program

• Power Quality Related Definitions

• Industry & Utility Standards

• Effects on a Facility

• How to Maintain Proper Power Quality

General Power Quality
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This webinar will be recorded 
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GOOD
POWER

BAD
POWER

Power Quality

www.p3-inc.com
www.powerqualityuniversity.com © 2026 Power Quality University

What is good Power?

• IEEE is the most often quoted “Source” for 
definitions of Power

• IEEE stands for “Institute of Electrical and 
Electronic Engineers”

• IEEE defines Good Power as:

Clean, pure power exhibits constant voltage
and frequency, perfect sinusoidal waveshapes,
and is free of harmonics, noise, and transients.

Power Quality
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What is Bad Power?

IEEE defines Bad Power as:

Power that includes voltage variations, voltage swells, 
voltage sags, over-voltages and under-voltages, harmonics, 
transients, traveling waves, and power failures.

Power Quality
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Over-voltages

Under-voltages

Sags

Swells

Harmonics

Noise

Transients

Grounding

The Power Quality BIG 8
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IEEE-1100-2.2.67:

A… reduction in the ac voltage, at the power 
frequency, for durations from a 0.5 cycle to 1 Min.

Voltage Sag

Power Quality
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Voltage Sag
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Voltage Swell
IEEE 1100-2.2.78:

An increase in…  voltage or current at 
the power frequency for durations from
0.5 cycle to 1.0 min.

Power Quality
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Voltage Swell
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Over-voltages 

IEEE-1100-2.2.56:

Increase in the ac voltage, at the power frequency, 
for a period of time greater than 1 min.
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Over-voltages 

Over Voltage
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Under-voltages 

IEEE 1100-2.2.56:

Decrease in the ac voltage, at the power 
frequency, for a period of time greater than 1 min.
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Voltage
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Utility Standards

Utility standards are defined by the various
State Utility Boards. Most require the utility must
adhere to this standard:

1. Voltage limits as stated by IEEE/ANSI C84.1
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IEEE/ANSI C84.1
Standard Voltage Voltage Range A Voltage Range B

120 114-126 110-127
120/240 114/228-126/252 110/220-127/254

208Y/120 197Y/114-218Y/126 191Y/110-220Y/127
480Y/277          456Y/263-504Y/291 440Y/254-508Y/293
13200Y               12870Y-13860Y 12504Y-13970Y

“Electrical supply systems shall be so designed and operated
that most service voltages will be within the limits for range A”

“When…Range B… voltages occur, corrective measures shall
be undertaken within a reasonable time to improve voltages to
meet Range A requirements.”

Utility Standards
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IEEE-1100-2.2.83:

A sub-cycle disturbance in the ac waveform that is 
evidenced by a sharp, brief discontinuity of the 
waveform. May be of either polarity and may be additive 
to, or subtractive from, the nominal waveform.

Transient 
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Transient 

Actual P3

Power Quality
Study
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IEEE 1100-2.2.49:

Unwanted electrical signals that produce 
undesirable effects in the circuits of the 
control- systems in which they occur.

Noise
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Noise

Noise, Waveform Capture
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Harmonics

A harmonic is the term 
used for current flow on 
your facilities power 
system at frequencies 
other than 60Hertz.
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Low Harmonic Waveform

Harmonics
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High Harmonic Waveform

Harmonics
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• Electrical and Electronic damage.

• Overheating and less efficient transformers

• Control System errors due to Electrical noise 
caused by harmonics.

• Blown Fuses for no APPARENT reason.

• Nuisance tripping of Circuit Breakers.

Harmonic Problems
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Typical Harmonic frequencies 
that cause problems:

Harmonic Frequencies

3 x 60 = 180HZ

5 x 60 = 300HZ

7 x 60 = 420HZ

11 x 60 = 660HZ

13 x 60 = 780HZ
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NEC 250.53 states “A single electrode 
shall be supplemented by an 

additional electrode…
If a single electrode has a resistance 

to earth of 25 ohms or less the 
supplemental electrode shall not be 

required”.

Is this good enough?

Grounding for Power Quality
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IEEE 142-4.1.2 Recommended Acceptable Values

• The most elaborate grounding system may not perform 
satisfactorily unless the connection of the system to earth is 
adequate for the particular installation.

• With reference to power quality, the earth connection is one of the 
most important parts of the whole grounding system.

• The connection to earth of the electrode system… 
should be… 1-5 ohms for commercial and 
industrial services.  

Earth Reference
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IEEE 142-4.4.1 Need for Measurement
Many indeterminate factors exists in any formula for the calculation of the 
resistance to earth. Total reliance should not be placed on the calculated 
results. For example, the soil resistivity varies inversely with the soil 
temperature and directly with the moisture content and may vary with the 
depth. The only certain way to determine the resistance is to measure it after 
the system has been completed. 

IEEE 142-4.4.3 Periodic Testing
Tests should be made periodically after the original installation and test so that 
it can be determined whether the resistance is remaining constant or is 
increasing. If later tests show that the resistance is increasing to an undesirable 
value, steps should be taken to reduce the resistance…

Earth Reference After Installation

Don’t bury it and forget it!
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Grounding and 
Surge Protection Devices

Harmonic Mitigation

Power Conditioning

Uninterruptible
Power Supply System

Custom
Solution

The Power Quality Pyramid
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Defining Power Quality Problems

• Power Quality problems can come from 
outside the facility, inside the facility or both.
– With the proper power quality meter(s):
– In the correct place.
– For the correct amount of time.

• Corrective action may be taken

This is the beginning of a long journey
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Defining the problems

Using a “Good” Power Quality Analyzer in the 
right place will help you in this process.

• Up to date equipment

• Current Software

• Correct CT Sizing

• Trained User

www.p3-inc.com
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Determining Your  Target

Investigate Problems
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Determining your target and what you are
looking for is the most important first step in the
monitoring process. This will impact the power
quality meter placement, set up and duration.

– Right meter 

– Right information

– Right location

Determining Your  Target
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The Right Equipment
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The Right Equipment
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The Right Information
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The Right Meter Location

Meter Placement is Critical
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The Right Location

Large Facility with Multiple Main Services
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Meter Set Up is Important

Placement of CTs?

Equipment Safety

Software Updates

Program Set Up

External Power Source

Meter Placement
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Setting up the Meter
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The Right Information

Event #64  a t 05/23/2016 18:19:04.541
AVrms Instantaneous Sag

CATEGORY: Short Dura tion Instantaneous Sag
Threshold crossed 12420 V
Magn itude 12412 V
MaxRMS 12412 V
Duration 0.008 Sec.

Event Details/Waveforms

18:19:04.53
05/23/2016

Monday

18:19:04.54 18:19:04.55 18:19:04.56 18:19:04.57 18:19:04.57 18:19:04.58
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Event #162 at 05/23/2016 18:22:32.108
C-AV Wave window 

D A B C A -B B-C C-A TO T
V rm s 0.04616 8306 8185 8236 14212 14201 14414 8242
V Pe ak 0.1368    20822 20720 21042  
I Pe a k 0.01298 574.9 587.9 575.4     
I rms 0.002015 406.6 415.8 407.0    1229
Freq  60.97 59.97 59.98 60.97 59.97 59.98  
P (kW)  2995 2975 2892    8862
S (kV A)  3377 3404 3352    10133
P F  0.8868 0.8739 0.8628    0.8745
Q (kV AR)  1561 1654 1694    4909

Event Details/Waveforms

18:22:32.10

05/23/2016
Monday

18:22:32.15 18:22:32.20 18:22:32.25
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Event #47 a t 05/12/2016 20:29:26.866
Post-trigger

Event Details/Waveforms

20:29:26.82
05/12/2016
Thursday

20:29:26.84 20:29:26.86 20:29:26.88 20:29:26.90
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Setting up the Meter
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Setting up the Meter
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Meter Verification

Importance of Data Verification

Once the meter is set up and in 
place, it is important to verify that the 
data is being collected at the proper 
rate and in the proper form, 
adjustments may be required based 
on the electrical system.

Issues:

• Is the meter working?

• Are the meter readings 
accurate?

• Does the meter data “make 
sense”?

• Is the meter memory filling up?
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• 8-5? – after hours? –
Weekends – Holidays?

• Who is qualified?

• NFPA 70E procedures 
must be followed.

• Safety meetings must be 
held.

• Don’t just hook it up and 
then later rip it out. It can 
lead to erroneous 
information.

Meter Installation & Removal

When metering, its important to have a systematic approach to the
meter installation and removal: confirm data, download and check files,
review time frames and results prior to safely setting up and then
removing the meter.
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Interpreting the Data

Reports can come in many forms and levels 
of detail:

Requirements:

Updated Software, 

Knowledgeable expert using the program

Licenses up to date

Current computer system

51

52



General Power Quality

www.p3-inc.com
www.powerqualityuniversity.com

© 2026 Power Quality University

www.p3-inc.com
www.powerqualityuniversity.com © 2026 Power Quality University

Presenting the Results

Executive Summary

Presentation of Findings

Detail of the data

Recommendations
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At the end of a long journey is the 
beginning of solution 

implementation and obtaining 
desired results.

Building Confidence in Power

is here to guide you on this journey.  
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Stay Up To Date!

Follow, Like & Share 

Instagram - https://www.instagram.com/pwrproproducts/

Facebook - https://www.facebook.com/PwrProProducts

Twitter - https://twitter.com/PwrProProducts

LinkedIn - https://www.linkedin.com/company/power-protection-products-inc-

Catch all our new episodes on your favorite platform: 
https://lnkd.in/gwDQbVfR
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General Power Quality 

END
Please fill out the evaluation form and send completed 

evaluation to: 
pqu@p3-inc.com

Thank you for attending PQU’s
General Power Quality
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