The Answer to Harmonics:
Is It Mitigationor a
Robust Transformer?

With its ability to treat both power quality and overheating harmonic concerns, a
harmonic mitigating transformer may significantly outperform its K-rated cousin.

hen a Chicago
banking facility
experiences con-
sistent fatlures
of equipment
power supplies in one of its criti-
cal communications rooms, it
considers poor power guality as
a potential culprit. However, the
T5kVA UPS powering the load
should address all the equipment’s
power quality needs. What's be-
hind this puzzling P problem?

The bank calls Charles
Andersen of ATA. a local electri-
cal testing company. to monitor
the site and find the cause of the
equipment failures. Andersen
continually monitors the bank’s
power distribution system over a
period of 20 days, but finds no
troublesome impulses. surges.
S1g%, OF power interruptions.
During this investigation, the
equipment failures curiously
continue. Next, he extensively re-
views the grounding system—
again, nothing significant. How-
ever, he does identify one
anomaly during the monitoring
process: the voltage downstream
of the UPS is severely fattopped,
with voltage
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The Thinking Behind

K-Factor Transformers

Harmonics generated by nonfinear loads can cause serious
overheating problems in standard distribution transformers, Even
under much less than fully loaded conditions, transformers can
fail catastrophically. One of the main reasons for this is har
monic currents dramatically increase the eddy current losses
in a transformer.

This candition prompted transformer manufacturers to build
more robust designs that can tolerate the additional harmonic
losses. In the interest of standardization, they adopted a rating
schemea known as K-factor. Basically, K-factor reflects the increase
in eddy current losses, S0 a Wrated transformer is one you can
load to its full load rating when powering a nonlinear load having a
K-factor rating no greater than the transformer’s Kerating. Stan-
dard K-factor ratings are 4, 9. 13, 20, 20, 40, and 50.

With F-factor transformers, more is not necessarily better, Speci-
fying too high a Kerating will result in an oversized transformer that
can introduce problems such as very high inrush currents, exces-
sive Tault levels, higher core losses, and a larger footprint, For
example, you would need a K-30 transformer onfy if the load it
services is actually a K-30 load (and if you expect the transformer
to operate near full load rating).

The use of K-rated transformers has become a popular means
of addressing harmonicrelated overneating problems where per-
sonal computers, telecommunications equipment, broadcasting
equipment, and other similar power elactronics are in high con-
centrations. These nonlinear loads generate harmonic currents
that can substantially increase transformer losses.

The K-rated transformer has a more rugged design intended to
prevent failure due to overheating. Unfortunately, a transformer
designed simply to protect itself fails to address the other impor
tant problems associated with harmonics. Specifically, to prevent
high-voltage distartion levels from adversely affecting the equip-
ment loads, the transformer must be capable of canceling har-
monic currents and fluxes within its windings.

the high-voltage distorlion prob-
lem, he installs a 73kVA, three-
output harmonic mitigating trans-
former {HMT) downstream of the
UPS. By treating the entire spec-

trum of odd order harmonics (up
to and including the 15"), the
HMT reduces the current distor-
tion of the load from 65% o less
than 10%. The dircct result of this
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current distortion reduction is a dra-
matic drop in voltage distortion to less
than 4%. With the installation of the
HMT, power supply failures drop from
an average of five per month to less than
one. In time, the bank expects this to
reduce even further as the residual ef-
fect of the long-term exposure to dis-
torted voltage begins to subside.

In another application, a major sili-
con chip manufacturer uses dual output
HMT5 to service a test area. Prior to in-
stalling the HMTs, consistent equipment
failures caused annual repairs totaling
$200,000. The improvement in voltage
distortion that accompanies the HMT
installation virtwally eliminates the
equipment failure, therefore, the savings

Harmonics
Currents Do More

Than Overheat
Equipment

When servicing a high concen-
tration of nonfinear loads, power
distribution systems can experi-
ence a wide variety of problems,
such as:

* Failure of power factor cor
rection capacitors due to overload-
ing and/or system resonance,;

+ Overheating of cables, trans-
formers, and other distribution
equipment, reducing their life span;

¢ Highwvoltage distortion (typi-
cally in the form of flattopping), es-
pecially when operating on weak
souUrces, such as emergency gen-
erators or UPS systems;

* False tripping of breakers;

* Premature failure of rotating
equipment {motors, generators,
ete.); and

*« Misoperation or component
failure in PLCs, computers, or other
sensitive loads.

Of all the problems listed above,
those resulting from high-voltage
distortion are often the most se-
vere and generally the most diffi-
cult to identify.

Power distribution systems de-
signed with HMTs are capable of
servicing any level of nonlinear load-
ing without suffering negative con-
sequences, This should justify more
widespread use of the HMT in ap-
plications where high concentra-
tions of nonlinear loads are found.
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in maintenance costs alone more than
justify the HMT purchase.

These two case histories point out the
capabilities of this relatively new prod-
uct. But what exactly is an HMT, and
how does it work?

Using HMTs to prevent voltage flat-
topping. Manufacturers designed HMTs
to reduce system voltage distortion in
addition to reducing the heating effects
caused by the harmonic currents. The
equipment does this by canceling load-

How Harmonic Currents

Create Voltage Distortion

duces voltage distortion.

Why do harmonic currents generated by nonlinear loads create voltage dis-
tortion as they pass through the impedance of a power distribution system?
Current, at anv frequency, flowing through an impedance will result in a
voitage drop in the system at that frequency. This is a simple application of
Ohm's Law. The cumulative effect of the voltage drops at each frequency pro-

A common term used to denote the amount of waveform distortion is total
harmonic distortion, or THD, It's expressed in percent, You can apply THD for
power systems to both voltage and current. Voltage THD (V) is the root mean
square of all the harmenic voltage drops, or more simply:
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mode power supply (SMPS).

Pulsed Current
Switch-mode draws current only while
capacitor is charging

vt e peaks.

= 100%

Current distortion is a measure of the combined effect of the various har-

= 100%

Violtage distortion then is a function of both the system impedance and the
amount of harmonic current in the system. High system impedance due to
leng cable runs, high impedance transformers, generators, UPS systems, eic.
usually causes high-voltage distortion levels.

You can see the basic relationship between current and voltage distortion
by examining the waveforms themselves. The diagram below shows a switch-
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Thix switeh-mode power supply (SMPS)is a typical nendinear load, It draws
crrrent anly during the peaks of the veltage waveform while charging the
smoothing capacitor. Ax the applied voltage drops duving the rest of the cvele,
the capacitor discharges 1o support the foad, The pulses of coarvent that
recharge the capacitor cawse veltage drops, which clip-off or flattop the
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generated harmonic fluxes and corrents
within the transformers windings. The
benefits of HMTs are numerous:

« You prevent zero sequence har-
monic currents, which include the 3%
9% and 15%, from circulating in the pri-
mary windings by canceling their fluxes
within the secondary windings.

+ Single outpul HMTs are available
in two madels with differing phase
shifts, When paired. these will induce
cancellation of 5%, 7%, 17* and 19* har-
MO CUrrents upstream.

* Dual cutput HMTs phase shilt 1o
cancel the balanced portion of 3% 7%,
17" and 19" harmonic currents within
their secondary windings.

= Three output HMTs phase shift (o
cancel the balanced portion of 3% 7%,
1%, and 13" harmonic currents within
their secondary windings.

« Reduction of hanmonic currents in
the primary windings and upstream of
the HMT reduces the harmonic voltage
drops and distortion the drops produce.

« You also reduce losses because
you subject the ransformer and up-
stream distribution equipment to less
harmonic current.

This means an HMT will produce sig-
nificantly less voltage distortion than a
conventional or K-rated transformer (see
sidebar, “The Thinking Behind K-Fac-
tor Transformers.” on page POT4) when
servicing similar nonlinear loads. In the
table, on the following page. we com-
pare the performance of various HMT
madels with a typical K- 13 transformer,
We also include a simple dual output
phase shifting transformer (forked wye),
which also finds application as a har-
monic canceling transformer. It has doal
oulputs that are phase shifted by 307 10
cancel the balanced 3 and 7" harmonic
currents in much the same manner as the
dual output HMT. The principal differ-
ence from the HMT is in the treatmem
of the 3" and other triplen harmonics.
Where the HMT prevents these currents
from circulating in its primary windings,
the forked wye does not. This means
voltage distortion al the 3 harmonic
will be just us high as it would be in the
K- 13 and conventional transformer.

We used computer modeling 1o de-
termine the voltage distortion that would
appear at each transformer’s outpul
when servicing a K-13 nonlinear load
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having a current THD (L) of 88%. As
you can see, the HMT transformers pro-
duce lower voltage distortion than both
the K-13 and the forked wye, The mul-
tiple output HMTs achieve the best re-
sults, by treating 5%, 7, and other higher
order harmonics in addition to the
triplens (3", 9%, and 15™).

With this load profile. the K-13 trans-

load the multiple output HMTs without
overly distorting the voltage waveform,
and load the single output HMT o 73%
before exceeding 5% V..

This analysis supports the use of mul-
tiple output HMTs when you have a dis-
tribution system servicing a high con-
centration of nonlinear loads. This in-

former will meet the 3% voltage THD
{W ) limit only when loaded to less than Vi at Transformer Output
50%. On the other hand. you can fully Full 75% 50%
load load load
K-13 transformer 10.5% 7.8% 5.2%
Forked wye 7.9% 5.9% 3.9%
Single output HMT 6.9% 5.2% 3.4%
Dual output HMT 3.8% 2.8% 1.9%
Three output HMT 3.6% 2.7% 1.8%

Listed are comparizon pesformance data of varions HMT models, o oopical K-13
eransformer, and o simple dual outpur phase shifting transformer {forked wyeld, which
is efso finding application as a harmonic canceling transformer. It ey dual ourpues
that are phase shifted by 307 to cancel the balanced 5% and 7% harmonic currenis in
mch the same manner as the dual owpnr HMT,
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cludes computer rooms, call centers,
broadcasting studios, telecommunica-
tions sites, Internet service providers,
and hospitals, to name a few. If vou don’t
expect severe loading. the single output
HMT may be enough to prevent prob-
lems. In anv event, the K- 13 transformer
isn't a suitable aliernative. EC=M

Suggested Reading

« [EEE Std. 1100-1992, Recom-
mended Pracitice for Power and Ground-
ing Sensitive Elecironic Equipment,
(The Emerald Book).

+« [EEE Sid. 519-1992, Recom-
mended Practices and Reguiremenis for
Harmuonic Control in Electrical Power
Systems.

For ordering information, call {800)
6TH-1EEE.

*  Practical Guide to Quality Power
for Sensitive Electronic Equipment, 2%
Edition,

For ordering information, call
EC&M Books, (B00) 543-7771.
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