
Voltage Measurements 
 
Voltage is the difference in electromotive potential between two 
points.  Simply stated, it is the force that generates current flow 
and to measure voltage, two points of connection are required.  In 
AC circuits, this force, measured in volts, usually varies 
continuously and always reverses direction.  In DC circuits, it is 
usually steady and never reverses direction.  If the voltage 
changes in a repeating fashion, then it is called a periodic 
function.  All AC power distribution is based on voltage changing 
at a periodic rate.  There are several key voltage measurements: 

▪ Instantaneous voltage 
▪ Peak voltage 
▪ RMS voltage 
▪ Voltage crest factor 
▪ Maximum voltage 
▪ Minimum voltage 
▪ Average voltage 
▪ Present voltage 
▪ Voltage swell (surge) 
▪ Voltage dip (sag) 
▪ Voltage transient. 

 
The instantaneous voltage is simply the voltage present between 
two points at an instant of time. When the voltage is graphed over 
time, the graph is called the voltage waveform.  The peak voltage, 
Vpk , is the instantaneous voltage of the greatest magnitude 

(either positive or negative) over a period of time. 
 
A measure that changes continuously is of limited use.  A far more 
useful measurement is RMS voltage, wherein a single number is 
generated to describe a continuously varying voltage.  The beauty 
of RMS voltage is that in power calculations, it makes a 
contribution to power roughly equivalent to a DC voltage of the 
same magnitude.  RMS voltage is defined as the square root of 
the mean of the square of the instantaneous voltage over one 

cycle of the fundamental frequency:  
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When measuring DC volts the RMS value is the same as the DC 
value.   



 
Voltage crest factor is the ratio of peak voltage of a cycle over the 

RMS voltage of the same cycle.  /Vcf Vpk Vrms= .  A perfect sine 

wave has a crest factor of 1.414 ( 2 ).   

 
Maximum, minimum, and average voltage in power 
measurements refers to the maximum, minimum, and average of 
RMS voltage measurements during a time of interest.  For the 
PS4550, the RMS of every full cycle is measured, so these 
numbers are exact. 
 
In the PS4550, the present voltage is the summary of the RMS 
voltage over one second.  It is the average of the RMS voltages of 
every cycle during the most recent second. 
 
A voltage swell (or surge) is an RMS voltage that exceeds some 
trigger level.  A voltage dip (or sag) is an RMS voltage that falls 
below some trigger level.  In the PS4550, the trigger levels can be 
set to an actual voltage level or as a percent deviation from a 
normal voltage.  The RMS calculations for determining swell and 
dip are performed every ½ cycle, so these measurements are 
exact. 
 
When we speak of a voltage transient, we are speaking of an 
instantaneous voltage that exceeds a trigger level.  An absolute 
trigger level is an instantaneous level that includes the underlying 
periodic waveform.  A relative trigger level is an instantaneous 
level that has the underlying periodic waveform removed.  In the 
PS4550, trigger levels can be set for both relative and absolute 
voltage transient levels.   

 
Voltage Measurements in PowerSight 
 
PowerSight performs all commonly desired voltage 
measurements.  When in phase-neutral measurement mode, the 
RMS (root mean square) voltage between VN and the V1, V2, and 
V3 input jacks is displayed by simply pressing [Volt] repeatedly.  
The sequence of the display as [Volt] is pressed is V1N > V2N > 
V3N.  In the phase-phase measurement mode, V12, V23, and V31 
are displayed instead.  If energy consumption is being monitored, 
the maximum, minimum, and average RMS voltage is displayed 



by repeatedly pressing [More...]  after displaying the appropriate 
present voltage.  In this way, by combining the [Volt] and [More...] 
keys, there are 12 RMS voltage measurements available.   

For instance, if the average voltage between V2 and VN is desired, 
press:  [Voltage] (to display ) V1N, [Voltage] (to display V2N), 
[More...] (to display maximum V2N), [More...] (to display minimum 
V2N), and then [More...] (to display average V2N).  Following 
viewing each of the phases, a summary display of all of the 
phases can be seen.  Note that if PowerSight is not monitoring 
consumption, the maximum, minimum, and average values are 
the results from the last monitoring session. 
 
Please note that when PowerSight is operating in 2 current mode, 
V31 is not calculated or displayed. 
 
To set PowerSight for reading phase-neutral, phase-phase, or DC 
voltages, refer to the Measurement Modes chapter. 
 



If a connection is not made to the VN input, PowerSight will find 
the neutral point between all the phases in doing its phase-neutral 
measurements. 
 
Information about the largest swell, the lowest dip, the largest 
absolute transient, and the largest relative transient for both 
voltage and for current can be viewed on PowerSight.  Just press 
the [Triggered Events] key repeatedly until the summary for the 
type of measurement appears (such as “Voltage Dips”).  The 
summary tells how many events have occurred and what the 
trigger level is.  Pressing the [More…] key repeatedly will tell the 
important information about the worst of that type of event:  the 
magnitude, duration, and timestamp. 
 
The total harmonic distortion (THD) of voltages is displayed using 
the THD function, discussed later in this chapter. 
 

Voltage Measurements in PSM-A 
 
The consumption data log can record maximum, minimum, and 
average RMS voltage for each phase for each logging period.  
The summary values at the top of the screen are the maximum, 
minimum, and average of all the values shown on the screen. 
 
When viewing consumption waveforms, the average RMS of the 
cycles of the waveform is shown at the top, with the average crest 
factor listed below it.  The instantaneous value of each point of the 
waveform can be determined using the vertical scale.  If a 
harmonic analysis is displayed, the RMS voltage is also listed 
 
When viewing voltage swell logs, the highest ½ cycle RMS level of 
each event is displayed.  An event starts when the trigger is 
exceeded and ends either when 10 cycles have passed or when a 
½ cycle does not exceed the trigger level (whichever is longer).  
Voltage dip logs display the lowest ½ cycle RMS level of each 
event.  Each event starts with the trigger and ends in 10 cycles or 
when a ½ cycle does not fall below the trigger level (whichever is 
longer). 
 
When viewing swell/sag RMS graphs, the RMS of each ½ cycle is 
graphed and the most extreme measurement, with its timestamp, 
is presented at the top. 



 
When viewing transient waveforms, the instantaneous values of 
the voltage are graphed, as with consumption waveforms.  But the 
summary value at the top is the Vpk value above the trigger, with 
its timestamp. 
 
If trending data is being recorded and PowerSight is operating in 
phase-neutral voltage measurement mode, the average V1N, V2N, 
and V3N voltages for each second will be displayed and recorded 
each second.  If in phase-phase voltage measurement mode, the 
average V12, V23, and V31 voltages for each second will be 
displayed and recorded each second. 
 
The measurements of voltage presented on PowerSight can also 
be displayed in PSM-A by using the remote control feature. 
 
In addition our ReportWriter software will present maximum, 
minimum, and average voltage of each phase during any one or 
two intervals of time set by the user.  If two time intervals are 
chosen, it will report the percent change and the actual change 
between the two intervals.  For instance, if a comparison report is 
chosen and V12 average is 480 V during the first interval and 478 
V during the second interval, then the report would show: 
 

 Before After Units Change 
% 

Change 

Voltage, Phase 1, Avg. 480 478 volts -2.0 -0.4% 

 
The total harmonic distortion (THD) of voltages is displayed using 
the THD function. 
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