
Power Factor Measurements 
 
“Power factor” is often misunderstood.  The definition of power 
factor is the ratio of true power (in watts) to apparent power (in 
VA).  But it is often used as an indication of how much current lags 
voltage in a circuit.  When no harmonics are present, power factor 
does this well.  When harmonics are present, there is no 
necessary relationship between power factor and current phase 
lag.  To help differentiate what is meant by “power factor”, we talk 
of two different power factor measurement types: 

▪ true power factor and 
▪ displacement power factor. 

  PowerSight measures both of these. 
 
True power factor, as its name implies, is the true measurement of 
power factor.  It is the ratio of true power over apparent power: 
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then reactive power is present.  Reactive power may be the result 
of current lagging voltage due to the inductance of the circuit.  It 
may also be the result of delayed harmonic currents that result 
form small driving harmonic voltages.  A typical electronic load 
may have a power factor of 0.70 and yet the current may be 
perfectly in phase with the voltage.  No amount of capacitance can 
raise this power factor (in fact it will lower it).  However, when 
harmonics are not present, the true power factor turns out to be 
equal to the cosine of the angle of phase lag of the current.  No 
amount of harmonic filtering will raise this power factor, because it 
has no relationship to harmonics.  True power factor is 1.00 for a 
purely DC system. 
 
Displacement power factor is actually not a power factor 
measurement.  It is the cosine of the number of degrees that the 
current of the fundamental frequency lags the voltage of the 
fundamental frequency ( DPF = cos(θ) ), where θ is the phase lag 
of current.  To do this measurement properly, PowerSight uses 
Fast Fourier Transform (FFT) analysis to separate the harmonic 
currents and voltages from the fundamental current and voltage 
and to do a precise measurement of the angle between those 
fundamentals.  The resulting phase angle is then transformed 
using its inverse cosine to obtain the displacement power factor.  



This value is useful for deciding how much capacitance to add to a 
circuit to bring current into phase with voltage, thereby raising the 
displacement power factor.  Displacement power factor is 1.00 for 
a purely resistive load or a DC system and drops down as the 
reactive power increases. 
 
True power factor can be determined for each phase and for the 
total power.  Terms for these measures are: 

▪ TPF1 
▪ TPF2 
▪ TPF3 
▪ TPFT. 

The total power factor is not the total of these individual power 
factors, it is the ratio of the total true power over the total apparent 
power.  Typically all four power factor measurements are similar in 
magnitude. 
 
Displacement power factor can be determined for each phase.  
Terms for these measures are: 

▪ DPF1 
▪ DPF2 
▪ DPF3 

There is no such thing as total displacement power factor.  
Typically the displacement power factors of each phase are 
similar in magnitude. 
 
In addition, the following can be measured for each phase: 

▪ Maximum true or displacement power factor 
▪ Minimum true or displacement power factor 
▪ Average true or displacement power factor 
▪ Present true or displacement power factor 

Maximum, minimum, average, and present total true power factor 
can also be measured. 
 
Finally, a measurement related to DPF is displacement phase 
angle.  The displacement phase angle is the number of degrees 
that the current at the fundamental frequency lags the voltage at 
the fundamental frequency.  In the absence of harmonics, it is the 
inverse cosine of the true power factor.  It is always the inverse 
cosine of the displacement power factor ( θ = cos-1(DPF) ).  
 



True Power Factor Measurements in PowerSight 
 
The PS4550 performs all commonly desired true power factor 
measurements.  To view true power factor, press [Power Factor]. 
If the display says “True P.F.”, then pressing [Power Factor] 
repeatedly will allow you to view the true power factors of phases 
1, 2, and 3 and the total power factor of the three phases.  If the 
display says “Displacement P.F.” then press [Power Factor] three 
more times until it says “True P.F.”.  The sequence of the display 
is TPF1 > TPF2 > TPF3> TPFT> TPFall > DPF1 > DPF2 > DPF3.   

 
The maximum, minimum, and average power factors of the most 
recent monitoring session are displayed by repeatedly pressing 
[More...] after displaying the appropriate power factor.  

For instance, if the average power factor of Phase 3 is desired, 
press:  [Power Factor] (to display PF1), [Power Factor] (to display 
PF2), [Power Factor] (to display PF3), [More...] (to display 



maximum PF3), [More...] (to display minimum PF3), and then 
[More...] (to display average PF3). 

 
In this way, by combining the [Power Factor] and [More...] keys, 
there are 16 true power factor measurements available.  
 
The display of true power factor gives an indication if current may 
be leading or lagging voltage.  For instance, if current lags voltage 
in phase 1, the display will read "(V1N, I1)".  If current leads 
voltage, the display reverses the order and reads "( I1, V1N)".  If 
voltage and current are roughly in phase, the indication may 
switch back and forth regularly.   
 
To get a definite indication of whether current is lagging, you need 
to measure displacement power factor. 



Displacement P.F. and Phase Measurements in 
PowerSight 
 
PowerSight performs all commonly desired displacement power 
factor measurements.  The displacement power factors of phases 
1, 2, and 3 can be displayed.  To view displacement power factor, 
press [Power Factor].  If the display says “Displacement P.F.”, 
then pressing [Power Factor] repeatedly will allow you to view the 
displacement power factors of phases 1, 2, and 3.  If the display 
says “True P.F.” then press [Power Factor] four more times until it 

says “Displacement P.F.”.  The sequence of the display is DPF1 > 
DPF2 > DPF3 > TPF1 > TPF2 > TPF3 > TPFT. 
 
If you wish to know the actual phase lag of current, in degrees, 
press [More].  For instance, if you wanted to see how much the 
phase 3 current lags behind the phase 3 voltage, press [Power 
Factor] to display DPF1, [Power Factor] to display DPF2, [Power 
Factor] to display DPF3, and then [More…] to display the phase 
lag of phase 3.  
 
 



In this way, by combining the [Power Factor] and [More...] keys, 
there are 6 displacement power factor and phase angle 
measurements available. 
 
The display of power factor tells you if current is leading or lagging 
voltage.  For instance, if current lags voltage in phase 1, the 
display will read "( V1N, I1)".  If current leads voltage, the display 
reverses the order and reads "( I1, V1N)".  Determining whether 
current is leading or lagging is necessary when correcting power 
factor by using capacitance.   
 
The phase lag angles of all phases can be viewed simultaneously, 
using the checkout connections feature.  The final screen of that 6 
step process displays these angles in degrees of lag. 
 

Power Factor and Phase Measurements in PSM-A 
 
The consumption data log can record maximum, minimum, and 
average true power factor for each phase and for total power 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 true power 
factor of the waveform is shown at the top right.  If a harmonic 
analysis is displayed, the true power factor is also listed. 
 
If trending data is being recorded and PowerSight is operating in 
phase-phase voltage measurement mode, the average total true 
power factor for each second will be displayed and recorded each 
second. 
 
Phase lag angle is most easily determined by viewing a waveform 
and then clicking on the phasor diagram icon.  The phase lags of 
each phase will be listed on the right as well as the phase angle 
between the phase 1 voltage and all other signals.   
 
The measurements of true power factor, displacement power 
factor, and phase lag angle presented on the PS4550 can also be 
displayed in PSM-A by using the remote control feature. 
 



In addition our ReportWriter software will present maximum, 
minimum, and average true power factor of each phase and of the 
total power factor 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 TPF1 is 0.48 during 
the first interval and 0.48 during the second interval, then the 
report would show: 
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Power Factor, Phase 1, 
Avg. 0.48 0.48 volts 0.00 0.0% 
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