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THE POWER QUALITY "BIG 8"  
 

Sags : IEEE-1100 

Swells : IEEE-1100 

Over-voltages:  

IEEE-1100 

Under-voltages:  

Harmonics : IEEE-519 

Noise : IEEE-1100 

Transients:  

Grounding  : IEEE-142 

Sag: A sudden decrease in voltage that lasts 

less than a minute. 

Swell: A sudden increase in voltage that 

lasts less than a minute. 

Overvoltage: A voltage greater than that at 

which   a  device   or  circuit   is  designed   to 

operate lasting longer than one minute. 

Undervoltage: A voltage which is below the 

optimum, operational, or rated value of a 

component,  circuit,  device,  piece  of 

equipment,   machine,   or  system.   They 

last longer than one minute. Such   a voltage 

may produce a distortion, a malfunction, or 

failure. In computers and similar  devices,  

undervoltages  can  lead  to data losses. 

Harmonics: Currents that occur on the 

electric power system as a result of non-

linear electric loads at frequencies other than 

60 Hertz. Harmonic frequencies on the power 

system are a frequent cause of power quality 

problems. 

Transient: A temporary excess of voltage 

and/or current in an electrical system lasting 

less than .016 seconds. 

Noise: Any electromagnetic disturbance that 

interrupts, obstructs, or otherwise degrades 

or limits the effective performance of 

electronics and electrical equipment.  

Grounding: Providing a conductor that 

directs excess electric current to the Earth to 

dissipate the buildup of hazardous voltages 

that would otherwise result in damaging 

electrical shock to people, property or 

equipment. 



When we speak of Power Quality there are many terms used to describe problems with power in our 

facilities. Common ways to describe these power problems are spikes, surges, glitches, blackouts, 

brownouts, etc.  Quite often these terms are associated with specific problems with equipment or systems. 

Examples are equipment damage, data problems or loss, equipment malfunction or complete system 

failure.   The problem with using the above terms comes when trying to determine exactly what the power 

problem is and precisely the cause for the equipment or system failure. In this document we are going to 

review these terms and solutions.  We will start by discussing the terms. 

 

The Power Quality industry has come a long way with identifying power quality problems. The first hurdle 

needed to overcome was defining exactly what power quality problems occur and how to define them.  The 

IEEE is the most often used source for electrical standards when dealing with power quality.  The IEEE 

stands for "The Institute of Electrical and Electronics Engineers".  The IEEE is a society of electrical and 

electronic engineers from across the country.  Members of this society meet on regular bases to discuss 

and develop standards that represent a consensus on the subject of Power Quality.  

 

The recommendations of the IEEE come from people in the industry who actually manage and design 

facilities.  Their expertise is widely recognized as "THE INDUSTRY STANDARD".  The IEEE standard 

1100 (also know as the Emerald Book) is the best source for defining power quality problems.  It also 

discusses problems with equipment and systems and it offers solutions to these problems. Other IEEE 

standards define and discuss in depth other power quality problems. Let's look at some of themé  

 

Our first goal is to define power quality problems. We start with 

what we call the Power Quality ñBig Eight". When trying to 

determine a particular power quality problem it is helpful for us to 

use the SAME language. Therefore, the IEEE uses specific 

terminology to define power quality problems. They are the 

following: Over voltages, Under voltages, Sags, Swells, 

Transients, Noise, Harmonics, and Grounding. These are called  

the "Big Eight". Notice the terms spikes, surges, glitches, 

blackouts, brownouts etc. are not mentioned. The reason for this 

is simple. Spikes, surges, etc. are general terms that could 

mean many things to many people. IEEE wanted to be exact in 

their definitions so we could be exact in our solutions to power 

quality problems. 
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The IEEE defines a Sag as the following: 

IEEE-1100,2.2.67: 

An rms reduction in the ac voltage, at the power frequency, for durations from a half cycle to one 

minute. 

This tells us if voltage goes below a certain standard for more than a half cycle (which equals 8 

thousandths of a second) to 1 minute, it is called a sag. The following is an example of a voltage sag: 

The low voltage starts at 65 Milliseconds 

(thousandths) of a second.       

And ends at 135 Milliseconds (thousandths).   

135 minus 65 equals 70 Milliseconds, therefore this meets the definition of a sag. 

The IEEE defines a Swell as the following:  

IEEE 1100,2.2.78: 

An increase in rms voltage or current at the power 

frequency for durations from (a half cycle) to 1 minute. 

This tells us if voltage goes above a certain standard for   

more   than   a   half   cycle  (which   equals   8 thousandths 

of a second) to 1 minute it is called a swell. 



The IEEE defines an Over Voltage as the following:  

IEEE-1100,2.2.56: 

éan RMS increase in the ac voltage, at the power frequency, for a period of time greater than 1 

minute. 

This tells us if voltage goes above a certain standard for more than 1 minute it is called an over voltage.  

The following is an example of an over voltage: 
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Over Voltage Under Voltage 

The over voltage starts at 8 minutes and ends at 13 minutes, thus lasting 5 minutes which meets the 

definition of an over voltage. 


