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DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.
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MAXIMUM POWER FACTOR OF A RECTANGULAR PULSE

Introduction

There has been a recent proliferation of electrical devices, such as the electronic

ballast for fluorescent lamps, which draw a non-sinusoidal current from the three-

phase, 60 Hz., power mains. The harmonic current components will reduce the

power factor, sometimes called distortion power factor, and cannot be corrected by

conventional means. In the case where the current waveform is a rectangular puise,
it would be interesting to know what is the maximum possible power factor.

Theory
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Because the voltage is sinusoidal, only the in-phase fundamental component of the
current waveform will contribute to the power.

To find the fundamental component of the current, use Fourier analysis.
Generally, i(t) = ag + £a,cos nwt + zbnsinnwt
2

where a, is the d.c. component,
2T

a, = 1 df f(t) cos nut d(wt)
m
27
bn =1 s f(t)sin notd(wt)
0
m

Here, we need only b].
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Let x = wt
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= jl_Ipsin 6, the fundamental in-phase component peak value.
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To maximize pf, set d(pf) =0
dos

d(pf) = 2/2 [}sc0s 8 x 67% + sin%(-lze'%)] = 0

de 2
w
-y -3 .
1le % cos 6 - 16 %2 sino = 0
2 ) 2
6 cos 8 = sing
2 2
tanp = 6

This condition holds when 8 = 2.33 radians, or 133.5°,

= 2/2 sin 66.75° = 96%
/mo /2.33

and pf . = 2/2 sin
/r

s
2
Vo

Conclusion

An electrical device designed to draw a rectangular current pulse of width 133.5°
will result in a power factor of 96%, which in practice will not cause 3-phase
systems to have neutral overload problems due to triplen harmonics.
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