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SMPSs and power factor correction
Understanding switch-mode power supplies

“

“

SMPSs are better in many
respects than linear power
supplies.
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Last December, I started revising the book
again. About eight years ago, I remember
thinking that automated lighting technology
had plateaued. I even wrote that there
had been no true innovations since the
animation wheel and I wondered how that
would be overcome. Most people know that
Benjamin Franklin wrote in Poor Richard’s

Almanac that “a watched pot never boils,”
but what most people don’t know is that he
also wrote that “automated lighting never
progresses when you follow it too closely.”
Okay, he never said that, but if he were alive
today he likely would have said something
along those lines, only in a more clever
way. As it turns out, the changes in lighting
technology over the last ﬁve years are much
greater than I had imagined.
What has changed? Primarily two things:
LEDs and switch-mode power supplies
(SMPS) have both proliferated. That LEDs
have mushroomed will come as no surprise
to anyone who is old enough to drive, but
the fact that SMPSs are now the dominant
technology might. In fact, the two are closely
related, since almost all LED luminaires
use power supply technology that is very
similar to SMPSs found in most automated
lighting.
SMPSs have been around for decades, but
when the automated lighting industry began
in earnest in the 1980s, most automated
lights had linear power supplies for
electronic components and magnetic ballast
power supplies for arc lamps. Back then, you
could upgrade to a SMPS but they were a
lot more expensive. At some point in the last
few years, that model has been turned on its
head and now the default is that all but the
very low-end automated lights have SMPSs.
SMPSs are better in many respects than
linear power supplies. They are more
efﬁcient, smaller and lighter, ﬂicker-free,
and voltage agnostic (they can be designed
to work from 90 VAC to 250 VAC, which
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covers every geographical location on the
planet). On the negative side, they are still
a bit more expensive, and they have many
more parts, which means they are more
susceptible to failure. However, they are in
high demand because prices and reliability
are much better than they used to be.
Virtually anything with a computer chip in
it uses a SMPS and virtually everything now
has a computer chip, so the economies of
scale have moved the prices lower. That has
made SMPSs better understood and more
reliable as more of them are being designed
and built.

“

Power factor is a measure of
how much power is consumed
compared to the product of the
voltage and current (which is called
“apparent power”).

“

I LEARNED A LOT ABOUT AUTOMATED
LIGHTING working at High End Systems
for 13 years. When I left in 1998, the
technology had matured a great deal
since Vari-Lite put the ﬁrst commercially
available automated lights on the Genesis
Abacab tour in 1981. In 2003, I wrote the
book, Automated Lighting: The Art and
Science of Moving Light, based mostly on
what I learned in college studying electrical
engineering and what I learned at High End
watching the development of Intellabeam,
Cyberlight, Studio Color, and other
automated lighting products. Six years later,
I looked at the original book and decided it
was time for a revision, which was published
in 2010. Between the intervening seven
years, there were not a lot of drastic changes
in the technology. The revision mostly
involved updating product pictures so that
anyone ﬂipping through the book wouldn’t
immediately get the impression that it was
dated.

As LEDs and SMPSs proliferate, the
side-effects of using them are too. A SMPS
is inherently a non-linear load, which means
that it draws current in a wave shape other
than that of the voltage input. The voltage
is a sine wave, but the current ﬂowing to a
SMPS might not be.
The job of a SMPS in an LED or
automated luminaire is to convert the line
voltage to DC. The ﬁrst stage usually is a
bridge rectiﬁer and smoothing capacitor.
The bridge rectiﬁer converts AC to pulsing
DC and the capacitor smooths the pulses
by storing energy and keeping a charge to
a certain level of voltage. When a voltage
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pulse drops below the charge on the
capacitor, then no current is drawn, but
when the voltage peaks above the charge on

Figure 1 – When the line voltage drops below
the charge on the capacitor, no current flows;
when the voltage rises above the charge on
the capacitor, current flows. The result is that
current is drawn in pulses.

the capacitor, current ﬂows. The result is
that current is drawn in the narrow pulses
between the charge on the capacitor and the
peak of the voltage pulses.
When this happens, the current wave
form becomes distorted (non-sinusoidal)
and harmonics are generated. Harmonics
are currents ﬂowing at frequencies that are
whole number multiples of the original
(fundamental) frequency. The higher the
distortion, the higher the harmonic content.
The photo right shows a load with total
harmonic distortion (THD) of about 45%,
as measured by a power-quality meter. That
means that 45% of the power going to the
load is delivered at frequencies other than
the fundamental (60 Hz in North America
and 50 Hz in Europe and Australia).
The impact of non-linear loads on the
electrical system can be great. First of all,
current distortion generates harmonics
and causes the power factor to drop. Power
factor is a measure of how much power
is consumed compared to the product of

the voltage and current (which is called
“apparent power”). It can range from 0 to
1 (or 0% to 100%) and a PF of 1 is ideal.
When the PF drops below 1, the current
rises even though the power consumed
remains the same.
Harmonics can also cause the neutral
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Figure 2 – The THD in this load is 45.1%,
meaning that the power in the harmonic
currents accounts for 45.1% of the total power
going to the load.
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“

“

. . . it’s easy to see how PF can
affect the cost of running a rig.

conductor in a balanced 3-phase system to
be overloaded. The triplens (odd-numbered
third harmonic currents like 180 Hz, 540
Hz, 900 Hz, etc. in North America or
150 Hz, 450 Hz, 750 Hz, etc. in Europe
and Australia) cause current to ﬂow in
the neutral conductor of a balanced (or
unbalanced) 3-phase system because they
don’t cancel as do the fundamental, 5th, 7th,
11th, 13th, etc. As much as 173% of the line
current can ﬂow through the neutral feeder
conductor, which means that in a system
that is loaded to about 58% of its capacity,
the neutral conductor can be fully loaded.
In a system where the phase conductors
are loaded more than 58%, the neutral
conductor can be overloaded, and since
the neutral is the only normally current-

Figure 3 – The cost of power at convention centers can be high,
amplifying the cost efficiency of using PFC.

carrying conductor without a fuse or circuit
breaker, overloading it can be catastrophic.
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In addition, the higher frequencies of the
harmonic currents travel closer to the skin
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checked some of the rates online and found
that it varies quite a bit but his quote is right
in the ballpark for many facilities. From
that, it’s easy to see how PF can affect the
cost of running a rig. If the PF is 0.5, then
the cost of power will be double for those
instruments. Wouldn’t you rather put that
money into a bigger rig with more lights at
the same cost? Or how about saving your
client some money?
Most, but not all, automated lights with a
SMPS typically have power factor correction
(PFC) so that they comply with European
regulations and they can be sold in Europe.
When it comes to LED luminaires, some
have PFC and others don’t. Over the last
several years I have measured the PF of
several LED luminaires, and what I found

is that roughly half of them were power
factor corrected and half were not. Of the
half that were not power factor corrected,
the power factor tends to be about 0.5.
That seems to be changing. I ﬁnd more
lighting instruments in general these days
have PFC, and it’s getting harder to ﬁnd
LED luminaires without it. It’s helpful to be
aware of distortion power factor (low PF
caused by a distorted current draw) and of
PF in general.
Manufacturers who specialize in
designing and building SMPSs are still
making strides in SMPS technology,
including PFC. Advances in semiconductors,
magnetics (transformers and inductors),
system architecture, and increased
knowledge of design and optimization

are all driving SMPSs to deliver higher
efﬁciencies and power density so that the
same power can be delivered with a smaller
package, and the entertainment industry
will continue to beneﬁt from the R&D in
the computer industry. Q
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What is distortion power factor?
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Power factor is the ratio of real power
in watts to apparent power in volt-amps
(VA). Real power is the work being
done, which, in the world of live event
production, means converting electricity
to light, sound, heat, or movement.
Apparent power is the product of the
voltage and current in a circuit or
component (Apparent Power = VA =
V × A). Sometimes automated lighting
manufacturers list the apparent power
in product specs. For example, Clay Paky
lists the apparent power of the Mythos
as 700 VA at 230 V and 50 Hz. With
that information you can calculate the
current by dividing the apparent power
by the voltage; in this case, 700 ÷ 230
= 3 amps.
Power factor has two components;
displacement power factor and
distortion power factor. Displacement
power factor is the cosine of the phase
angle between the voltage and the
current (PF = cos࣎, where ࣎ is the
phase angle between the voltage and
the current). It can be illustrated using
vectors as shown below, where Real

in at the fundamental frequency. In that
case, the distortion power factor will
be 1. But if there is current distortion,
then there are harmonic currents, and
the distortion power factor will be less
than 1.

Figure 4 – The Apparent Power is the vector
sum of the Real Power and the Reactive
Power.

The total power factor is the vector
sum of the displacement power factor
and the distortion power factor if the
displacement power factor is drawn
along the Z-axis, as shown below:

Power is drawn along the X-axis and the
Reactive Power (in volt-amps reactive
or VARs) is drawn along the Y-axis.
Apparent Power is then the vector that
can be drawn from the head of the
Real Power to the head of the Reactive
Power.
Distortion power factor is the ratio
of the current at the fundamental
frequency to the total current. If there is
no current distortion, then there are no
harmonics and all of the current will be
36
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Figure 5 – The Total Power Factor is the
vectorial sum of the Displacement Power
Factor and the Distortion Power Factor.

