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“TESTING
REVEALS SURPRISING
k-FACTOR DIVERSITY

Bob Arthur

Harmonic
cancellation and
source impedance
effects explain why a
total load #-factor
greater than 9 does
not oceur in actual
office electronic
|loads or any similar
concentration of -
switched-mode
power supplies.
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engineer, Transformer
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Company, Oshkosh, WI.

does not correlate with the relatively
high values of harmonics seen at indi-
vidual branch load circuits. In fact, there is
not a single case (to our knowledge) of a com-
mercial office load, operating at or near the feeder
transformer’s full load rating, that exceeds £-0.
Demonstrations of higher 2 numbers have al-
ways proved to be either the result of branch
load measurements, or drastically underloaded
feeders where the higher % is of little or no
consequence to the supply transformer.
Because there are so many variable fac-
tors that affect nonlinear power elements,
doing an accurate k-factor caleulation can be
a very difficult task. If carefully developed,
detailed estimates based on general applica-
tion parameters may be sufficient. However,
there are certain industry beliefs regarding the
computer-intensive office that are not true, and
which directly affect the required &-factor,
Myth. A harmonic analysis of an office with
a gingle personal computer and video moni-
tor will typically measure a % of 14 to 20 in
harmeonic intensity. For an office filled with
large numbers of such PCs, a transformer with
a k of 20 or 30 is needed to feed the distribu-
tion panel serving the office power. Since
offices typically contain other equipment, such
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Fig. 1. Diagram shows grouped Ioads used in the
testing analysis. All measurements were made
with an harmonic analyzer with a 100A current
probe.

as copiers, printers, FAX machines, etc., the &-

~ factor for all this equipment should be listed,

weighted by their relative current contribution,
and simply averaged for a total k-factor estimate.

Fact. The k-factors of electronic loads in
parallel de not simpiy “average out”. Fifth and
higher-order harmonics in the load current
from multiple single-phage electronic loads on
a given feeder occur at random phase angtes,
and constantly chenge in angle during opera-
tion, This random distribution of harmonic
phase angles results in a dramatic reduction
and/or cancellation of higher frequency har-
monics. Also, ag more current flows in a feeder,
the source impedance of the supplied power
begins to have a mitigating effect, especially
for higher frequency harmenic components in
the eurrent. Typically, by the time at least 20
devices are on line simultaneously, the com-
bined A-factor at the bus of the distribution
panel is reduced by a factor of three or more
below the average individual device k-factor.
In fact, the higher the number of single-phase
nonlinear loads on a given distribution panel,
the lower the k-factar.

Let’'s look at the testing that verifies the
above statement,

Field Tests :
The testing as described here was per-
formed by first making harmonic measure-
ments on a single device, an 1BM PS/2 com-
puter and moniter. Additional computers,
monitors, printers, and dislk drives were
added, with a harmonic analysis made at each
step. An attempt was made to show both the
effect of adding like equipment as well as
diverse types and brands of devices. No at-
tempt was made to dilute the effects of non-
linear loads by adding linear elements. Every
one of the load elements is significantly non-
linear when analyzed individually. The results
of the analysis are shown in Figs, 1, 2, and
3. Anyone with a harmonic analyzer can du-
plicate this testing on multiple office loads.
Fig. 1 shows the individual loads, which
were arranged in four groups. Loads included
IBM, NCR, and Compaq computers; [BM,
NCR, and Mitsubishi monitors; a Bernoulli
disk drive; and several Epson printers. Each
load wasg maintained for 10 min.
Reproductions of the harmonic analyzer
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‘ tapes (Fig. 2) show the effects on the
19-9% 5| |"™® 3, third through the 17th harmonic. Mare
' ‘ importantly, the tapes clearly demonstrate
the marked reductions of harmonics in the
o four groups as loads were added.
‘A B Reduction of the fifth and higher har-
[ monics is thought to be primarily be-
cause of harmonic cancellation; other
reduction effects are attributed to feeder
impedance. In some instances, with a
small number of loads connected, some
oo P B harmonics temporarily increased in-
tige FM 1138 PN 2198 PM 1188 FH 1132 PH 2198 PN stead of cancelling; however, the over-
- all reduction in A-factor was significant
{Uncalibrated data.) {Uncalibrated data.) at each load change.

CURRENT 15th HARMONIC (ACCUMULATED):

MAX:  6.8%
1:17 PM Sep 28 1991 (Sat)
MIN:  0.6%

1:38 PM Sep 26 1991 (Sat)

CURRENT 17th HARMONIC {ACCUMULATED):
MAX:  5.0%
1;16 PM Sep 28 1991 (Sat)
MIN: 0.6%
1:27 PM Sep 28 1991 (Sat)

Fig. 2. Analyzer tapes demonstrate a marked reduction of hanmonics in the four groups as loads ara
added on. The tapes show measurements of 3rd, 5th, 7th, Sth, 11th, 13th, 15th, and 17th har-

monics. In some cases, notebly the 11th and 13th, the harmonics temporarily increased with a small
number of foads, but the overall i-factor was reduced. Letlers dancte when specific switch is closed.
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Calculations for each group (Fig. 3)
show the dramatic reduction in k-fac.
tor as loads are added. With 26 devices
on line, the k-factor was reduced from
the initial 13.9 to 4.6.

It's important to nete in the above
demonstration that the third harmonic
was reduced from more than 88% of
the fundamental to little more than 63%
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Fig. 3. As the number of loads increased
from two 16 26 davices, the k-factor de-
creased from 13.907 to 4.589. Note that
the third harmonic {orange shaded area)
was reduced from more than 88% of the
fundamental to littls more than 63% as
toad current increased.

as load current increased. (See orange
shaded area.) Since the third harmonic
does not cancel, the observed reduction
is simply due to source impedance, And
since the transformer feeding the office
loads is usually the major ohmic im-
pedance in the feeder, the reactange of
the transformer plays a major role in
controlling neutral current caused by
the third harmonie.

Effect of oversizing transformers
A recent demonstration in the 208/
120V office system at our plant illus-
trates the negative effect of oversizing
transformers. The portion of the office in
question consists totally of computer and
printer loads, and is supplied by a 45kVA
transformer that is only about 35% loaded.
We temporarily replaced this trans-
former with a 225kVA unit to observe
the effect of lower ohmic resistance on
the load harmonics. This transformer
substitution caused the k-factor to jump
frem gur normal value of 4.75 to a much
higher value of 8.1. More importantly,
our neutral, which was already at a
high level of 120% of average line cur-
rent, jumped to an unacceptable value
of over 160%. This demonstration served
to show not only that drastic oversizing
of supply transformers is very undesir-
able, but also illustrated that we need
to replace our existing 45kVA supply
transformer with an even smailer unit
to further reduce our neutral current.
Oversizing of transformers, or selection
of unnecessarily high -factor ratings of
transgformers, will have the effect of in-
creasing neutral conduetor currents and
potentially damaging neutral-to-ground
voltages at sensitive electronic loads.
Only at or near transformer full load
is a k-rating necessary to prevent over-
heating of transformers, Since trans-
former losses vary with the square of
current, the reduction or loss at reduced
loading far cutweighs the offsetting heat
buildup from an increased % factor.
Fortunately, it's at full load where
the transformer reactance has the most
effect in reducing load harmonics. It's
quite apparent that transformers of
normal impedance and X/R values can-
not allow a high combined electronic
power supply load k-factor to exist, if
that load is near the transformer rat-
ing. The Computer Business Equipment
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Manufacturers Association (CBEMA)
recomnimends transformer impedances of
between 3 and 5%. This provides ample
reactance to prevent excessive harmonic
current flow and resulting high neutral
current, but not so high as to cause
excessive voltage distortion.

Conclusion

Misunderstandings about transformer
k ratings come from the failure to recog-
nize the difference between individuol
branch load k-factor values and the fotal
foad harmonics that appear at the feeder
transformer terminals. Although some are
promoting the use of tranformers with a
k of 20 or 30 for office applications, these
high ratings are based on observations of
individual branch loads and cannot be jus-
tified by field data on total load A-factor.

When presented with isolated horror
cases of very high k-factor industrial
trouble spots, many people have overre-
acted by advocating unnecessarily high %-
factor transformers for general use. Avail-
able information, however, indicates that
k-9, or the more available k-13 transform-
ers, presently are the majority choice for
high concentration office loads. Qur belief
is that as more users measure the actual
levels of k-factor in their systems at near
full load, the k-4 transformer rating will
become much more popular.

This is a case where more is definitely
not better. Specifying an excessively high
k-factor {more than 13) can create poten-
tial hazards from abnormally low imped-
ance, a typical symptom of oversized trans-
formers. Although a high k-factor does not
necessarily require low reactance, the fact
is that many %-20 and %-30 transformers
in the marketplace fall far below the 3%
minimurn impedance recommended for
computer loads. Worse yet, many have
very low X/R ratios, lowering the reactive
component even further.

Standard transformers with normal
X/R ratios and impedance ranges of be-
tween 3 and 5% have successfiilly supplied
mainframe computers, commercial office
loads, industrial drives, and electronic bal-
last lighting for years. Installing abnormally
low impedance, unnecessarily high k-factor
transformers can cause even higher neu-
tral currents and possibly cause malfunc-
tions or damage sensitive load equipment.

Where k-rated transformers are neces-
sary, they should be specified as close as
possible to the actual load k-factor needed,
and designed within the normal imped-
ance range to provide the beneficial role
of “softening” harmonics and reducing
neutral currents that transformers have
been providing all along.

The data also supports sizing trans-

formers close to the lead kVA require-
ments to make full use of their reactance
in lowering harmonics and neutrals. This
is a wise choice, since transformers run
maost efficiently at 70 to 80% of their capac-
ity. This “rule-of-thumb” loading goal is
further supported for controlling harmon-
ics. The prudent use of smaller transform-
ers, closer to the loads, and with % ratings
closely matching the total load k-factor at
full load, should be emphasized in plan-
ning modern electronic office systems.
Guidelines are urgently needed for
multiple electronic office loads, motor
drives (AC and DC), and mainframe com-
puter installations. These guidelines will
be developed through more extensive prod-
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Office Loads and
Transformer K-Factor

BILL PERKINS, Square D Co., Nashville; TN, and BOB ARTHUR, Square D Co., Oshkosh, WI

he proliferation of electron-
ic equipment in manufac-
turing plants has brought to
the forefront a problem that
had plagued only relatively
few facilities in yesteryear. The prob-
lem is the harmonic currents generat-
ed by virtually all solid-state electron-
ic equipment. This equipment spans
the gamut from personal computers
and photocopiers, through solid-state
motor controllers of all sizes, to dc
power supplies in the megawatt range.
Notable among the detrimental effects
of harmonic currents is heating devel-
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above the amount created by nonhar-
monic loads.
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been devoted to a quantity known as
transformer “K-Factor,” Simplistical-

pot ent
{77 C) (Affected
by Harmonic
Frequengy) -

Average Nan-
sinusordal
Temperataure
Sinusoidal

Hat Spot
Temparature

Hot Spot
Gradient (30 C)

LELR et

Averaqz -
Sinusoidal
Iemperamre

ly defined, a transformer's K-Factor
rating describes its ability to withstand
the additional heating imposed on it by
loads with high harmonic content.
And simplistically applied, K-Factor
would appear to be a panacea for
transformer burnout in the presence of
high harmonic currents. The more K-
Factor, the better..., right? The cor-
rect answer is “Not necessarily.”

How K-Factor Is Calculated

Transformer K-Factor has its roots
in ANSI/IEEE Std C57.110, “Recom-
mended Practice for Establishing
Transformer Capability When Supply-
ing Nonsinusoidal Load Currents,”
published in 1986. While the term K-
Factor is relatively new, the mathe-
matical procedure for its calculation is
not. K-Factor is simply the sum of the
product of the squares of the per-unit
currents at each harmonic order, mul-
tiplied by the squares of the harmonic
orders:

K=2( hpu)zhz
from 4 = 0 to infinity
Where:

K = K-Factor
1,,, = per-unit harmonic current

h = harmonic orxder

The data in Table [ are taken from
IEEE/ANSI €57.110 and provide an
example of how the summaticn
{1,k is derived for the typical har-
monic distribution in the current feed-

The specific harmonic signature
that the transformer is subjected
to is a “wild card” affecting stray
losses and resultant heating,
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ing a six-pulse rectifier. The harmon-
ic order as given in the left-hand col-
umn is the harmonic multiple of the
fundamental (60-Hz) frequency. The

fifth harmonic, for example, is 300 Hz

(5 times 60). It should be noted that
the third harmonic (180 Hz) is only
generated by single-phase rectifier
loads.

Possible Flaws in Ratings

As originally presented in ANSY/
IEEE C57.110, the 2(1 J?h? harmon-
ic summation technlque was intended
as a tool for derating existing small or
medium-sized power transformers
serving three-phase loads with high
harmonic content, such as motor dri-
ves. These derating tools were not
intended for derating of existing smali,
genetal-purpose transformers feeding
distributed, single-phase, switched-
mode power supply loads such as
office equipment. The concept, how-
ever, is being increasingly misapplied
in this manner.

Underwriters Laboratories first pro-
posed using K-Factor as a transformer
rating criterion in a bulletin dated
December 1990. UL offered an addi-
tional listing under its existing stan-
dard UL 1561. A number of trans-
former experts, however, assert that
UL’s method of testing to verify a par-
ticular K-Factor rating might be
flawed.

UL test criteria calls for first testing
the transformer with 60-Hz sinuscidal
current to determine total winding and
core watt losses. From this total, the
calculated 60-Hz FR winding losses
are deducted to determine the stray
losses. If the transformer is proposed
for a particular K-Factor rating, stray
losses are then multiplied by that fac-
tor and added to the 60-Hz PR losses.

The resultant is presumed to be the
winding loss representative of the
transformer when subjected to a har-
monic load with K-Factor applied. If
the average winding temperature rise
— as determined by measuring wind-
ing resistance — does not exceed the
rated average winding temperature
rise, the transformer is deemed suit-

” Tablel How K-Factor ls Derlved

h Ihpu (lhpuz)

1| oe8 0959 .| .

5 ___ 0171 0.029

7 . 0.108 _.0.012
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17 0.015 0.00023 .
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Table Il. Example of How Different Harmonic Signatures
Yleld the Same K-Factor

Case 1 Case 2
h ':..,.. _(f,"m)zn2 e 'ma_ ( )h
1 _0.91 _0.828 0.97 0941
3 - 0.35 1103 0.00 L0000 . .
5 0.19 0.903 0.19 0.903
7 1. 010 _ 0490 0.12.. 0706
9 _0.05 _6.203 0.00 0.000 Il
11. 0.04 0.194 -0.08. 0774 .
13 0.01 0.017 0.05 0.423
15 | 001 0023 7000 0000
K-Factor 3.761 3.747

able for any harmonic load at the rated
K-Factor or less.

Many transformer design and appli-
cation engineers share the view that K-
Factor does not represent an accurate
analog of transformer heating. It
would be nice if K-Factor rating alone
would ensure that the transformer
does not overheat under any combina-
tion of harmonic loads whose K-Fac-
tor summation does not exceed the
transformer K-Factor rating. The heat-
ing pattern of a transformer, however,
can change as the harmonic signature
changes — and there are an infinite
number of harmonic signature combi-
nations that can combine to yield the
same K-Factor summation. A hypo-
thetical example is given in Table II.

Factors Affecting Heating

It is not within the scope of this arti-
cle to discuss all of the many factors
that affect transformer heating. A few

are noted here, however, because they
can affect the heating pattern of a
transformer under harmonic loading
— and some of these are not acknowl-
edged in the UL test criteria for veri-
fying K-Factor rating,

For example, the flux field in a
transformer is far from uniform. And
the eddy current loss in a transformer
is proportional to the square of the fre-
quency, the square of the field’s
breadth (90 deg to the flux field), and
the fourth power of the field's depth
{parallel to the flux field);

W x Fp2Dy

Where: _

W = eddy current watt losses

F = frequency, Hz

B = per-unit breadth of field in a
direction 90 deg to flux field

D = per-unit depth of fietd in
direction parallel to flux field
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In the case of K-Factor, overspecification can cause problems,
in addition to resulting in increased costs

Any variation in frequency — or in
field length or breadth — affects eddy
current losses and their heating far out
of proportion to the variation in fre-
quency.

When the field is irregular — per-
haps at the end turns, as can be expect-
ed even within the most rigid manu-
facturing tolerances — increased
localized heating is expected. The
effect, however, differs with different
harmonic distributions, even when the
K-Factors are identical. Frequency is a
prominent factor in the development
of eddy current heating, and frequen-
cy is a “wild card” in circuits serving
multiple harmonic loads.

Transformers seldom
fail because they simulta-

to compensate for possible inadequa-
cies in the UL K-Factor evaluation
process is to specify only reduced tem-
perature rise K-Factor transformers,
either in 115 deg C or 80 deg C rise
designs. Such designs can withstand
elevated hot spot temperatures without
exceeding the 220 deg C insulation
rating..

Can You Get too Much K-Factor?
As opposed to manufacturing
design practice — where, in some
cases, pennies spell the difference
between profit and loss — sound plant
engineering practice calls for applying
a contingency factor, rather than going

neously “failed all over;”
ultimate failure from
burnout is commonly at a
hot spot in the winding.
Standards for dry-type
transformers assume a 30-
deg C gradient between

Frequency is a prominent factor

in the development

of eddy current heating

average winding tempera-
ture and the hottest spot in
the windings.

Tests based on measuring the aver-
age winding temperature rise assume
that temperatures in the winding fol-
low a pattern such as given in the left-
hand element of the illustration, “How
Specific Harmonic Frequencies and
Accompanying Stray Losses Affect
Transformer Hot Spot Temperature.”
UL tests for verifying transformer K-
Factor, however, presently do not con-
sider the possible harmonic effects on
eddy current loss gradients within the
coils. This omission occurs because
stray loss measurement and other
transformer evaluation testing is all
done at 60 Hz with linear loads.

The higher flux densities, design
diversities, and reduced design safety
factors in some of today’s small dry-
type transformers especially suggest
that existing criteria for assigning K-
Factor ratings might be inadequate for
such transformers serving switched-
mode power supply equipment.

Some transformer application engi-
neers share the view that the best way

with “just'enough.” In the case of K-
Factor, however, overspecification can
cause problems, in addition to result-
ing in increased costs.

Higher K-Factor ratings increase
neutral currents, and can result in
increased neutral-to-ground voltage
that can cause problems on sensitive
electronic loads. High K-Factors
(more than 13) can result in abnor-
mally low impedance, lowering the
transformers ability to “soften” power
supply aberrations. The latter condi-
tion often prevails with transformers
having K-Factors of 20 or greater, and
which often have impedances lower
than 3%.

Consultants and transformer manu-
facturers cccasionally recommend K-
Factor ratings of 13 or higher for trans-
formers serving office loads.
However, comprehensive tests con-
ducted on nonlinear office loads at
several commercial and industrial
facilities, including Square D plants,
have shown that a higher-population
mix of electronic office equipment

actually reduces the total load K-Fac-
tor. The tests revealed that no office
location found in these studies re-
quired a transformer K-Factor rating
of more than 9.

Presuming a transformer imped-
ance of 3% to 5%, the proper trans-
former kVA rating for an office appli-
cation is one that permits the
transformer to operate at 70% to 80%
of rated kVA capacity. This K'VA rating
permits the transformer to operate
efficiently, while leaving some excess
capacity for expansion. Within this
guideline, the lowest K-Factor rating
should be selected that satisfies the
application. In most office applica-
tions, a K-Factor of 9 to 13
suffices.

Paradoxically, smaller
physical size might be an
indication of a trans-
former’s better ability to
withstand the variety of
harmonic signatures that it
might be subjecied to,
because transformers with
low stray losses require
less oversizing to pass the UL evalua-
tion test. If two transformers have an
identical kVA and K-Factor rating, yet
differ significantly in size and weight,
1t is probable that the smaller unit was
designed for lower stray losses, ]
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Neutral Currents in Three Phase Wye Systems
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ABSTRACT
This paper:

* Discusses current signatures of single phase non-linear loads
and examines the relationship of these signatures to neutral
current in wye-connected three phase electrical systems.

* Establishes formulas for estimating maximum neuwtral cur-
rent under various total harmonic current distortion levels
for both balanced and unbalanced load conditions.

= Shows that neutral conductor oversizing is not necessary in
480Y/277V systems, but may be necessary in 208Y/120V
systems under unusual circumstances.

These discussions apply to 480Y /277V electrical systems in the
United States and 600Y/346V lighting distribution systems
in Canada.

INTRODUCTION

The increasing use of electronic devices in electrical distribution
systems has raised the level of concern about the effects of
“non-lingar” loads on these systems. Three phase non-linear
loads such as motor drives, silicon controlled rectifier (SCR)
controllers, large uninterruptible power systems (UPS), and
other similar devices can create their own set of distinct prob-
lems, but do not contribute to neutral current. Of special concern
are single phase devices with rectifier front-end power supplies
such as computers, electronic lighting ballasts, and other simi-
lar electronic devices. When these types of loads are connected
line to neutral in a three phase wye-connected power system,
the neutral conductors in the three phase feeders can carry
surprising levels of current, even with the loads balanced on the
three phases. Contrary to traditional thinking, efforts made to
balance loads on the three phases that are under high current
distortion conditions, may even contribute to increased neutral
current. Since the National Electrical Code has prohibited neu-
tral conductor overcurrent protection, proper sizing of neutral
conductors is a concern when supplying large numbers of single
phase non-linear loads. (An exception is when the overcurrent
device opens all conductors of the circuit including the neutral )
To realistically evaluate the need for neutral oversizing, it's
important to differentiate between the types of single phase
electronic loads.

The first type of single phase non-linear loads includes 277V
magnetic and electronic lighting ballasts, which predominate in
480Y/277V distribution systems. The electronic ballast indus-
try has universally adopted standards that establish maximum
current distortion levels. With these solutions in place, the level
of concern is considerably less than that for the second type of
non-linear load, which includes computers and other similar
120V devices. In contrast, these loads are major contributors to
neutral current in 208Y/120V building systems. The computer
industry has done very little to improve the input current wave-

R. A. Shanahan, P. E.
Square D Company
Lexington, Kentucky

(606) 224-1914

forms from “switched-mode” power supplies. Note that delta-
wye connected transformers used to step down 480V to
208Y/120V, do not transfer neutral current from the secondary
to the primary. Therefore, since most systems are designed with
delta-wye transformers that separate 480V and 208V systems,
the neutral issues of these systems are distinctly separate.

NON-LINEAR HARACTERISTICS

Single phase electronic-load power supplies are typically con-
figured with a front-end full-wave bridge rectifier with
significant capacitor filtering on the de side of the rectifier. In
switched-mode power supplies, the resulting de voltage is
switched at high frequency to facilitate stepdown through a
relatively small, high frequency transformer. The transformer
output is then rectified and filtered again to provide the re-
quired dec outputs. In other power supplies, the stepdown
transformer may be ahead of the rectifier section. In this case,
the dc side of the rectifier is typically passed through regulator
sections to the loadside output. In either case, these loads are
characterized as “non-linear” because the waveform of the in-
put current is significantly distorted as compared to the ideal
sinuscidal current waveform. The input current waveform is a
result of a switching action that takes place between the rectifier
diodes and the dc bus capacitors, see figure 1. The rectifier
diodes are forward biased only when the input voltage exceeds
both the capacitor voltage plus the forward voltage drop re-
quired by the diodes. Therefore, current exists in the ac supply
side only during the peak of the source voltage waveform.
During conduction, a large pulse of current occurs, which is
typically comprised of capacitor charge current and load cur-
rent being drawn from the dc bus. The capacitor charge current
is limited by the forward resistance of the diode, the internal
impedance of the de bus capacitance, and the source impedance
of the ac supply line. The resulting current signature is typically
an alternate positive and negative series of short current pulses.

Current

4

— > I
+ ™ __ dc Qutput

Applied

ac Voltage

Figure 1: Electronic laads are non-linear current sources be-
cause of front-end rectification,
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COMPUTER LOAD NEUTRAL CURRENT

Why do current pulses in single phase, non-linear loads in-
crease in the three phase neutral circuit? Common explanations
usually discuss the zero sequence or triplen harmonic current
flow. Figure 2 shows the traditional method of illustrating third
harmonic as zero sequence and its consequent additive effect in
the neutral,

- -
- ~ » ~

Phass AL NN NS N NN N

NG NN N NN
A A Wi W A W A AR

T~ AN AT 4

/\/\/\/\/\[\
(VAAVARVIRVIRV

Fundamental - - - - - -

Phase B

Phase C

Neutral

3rd Harmonic —————

Tro '}
PhaseA”", _ --“H\\‘,\_
e \/
Phase B v /[\ Bt ~
Phase C \/ _ ‘/-;\.
Neutral /\ /\ /\
VARVARVAS

Current —— — Voltage - - - - -~
T (12AT) ‘\/ 3% (12AT)
aT=0 AT—0
Ling = —————— Neutral = ~————
T Tiar

=1.73 x Line Currrent

Figure 2; Third harmonic and other “triplen” harmonic compo-
nents are in phase on all three phase lines in a wye-connected
circuit,

Although such explanations are correct as a mathematical con-
cept, they can be misleading. The actual current waveshapes
have third harmonic components, but third harmonic sinusoids
are not really flowing in the lines. Therefore, the ovetly simpli-
fied presentation in Figure 2 fails to show why neutral current
has a maximum limit. Also, it fails to illustrate the regl wave-
shape of the neutral. A more accurate and realistic visualization
is possible by observing the waveshape of the currents in-
volved.

At low current, such as in the case of single-pole branches
feeding individual, unfiltered nen-linear load circuits, the cur-
rent pulses are typically so narrow as to be “non-overlapping”
on the three phases. This means that only one phase of the three
phase system carries current at any instant of time. Under these
circumstances, the only return path for current is the neutral
conductor. As a result, the number of :urrent pulses accumu-
lated in the panel neutral is three times that in the lines. The root
mean square {rms) current increase, from one to three current
pulses in a common time interval, is 173% (see figure 3).

NEUTRAL CURRENTS VS. LOAD CURRENT

Internal load and component differences within devices cause
the diode conduction times to vary. As the number of loads
increase, the diversity between individual loads widens the
cumulative current pulses. In addition, as system current
increases, voltage distortion from system source impedance

4 ®© 1995 Square D All Rights Reserved

Figure 3: The theoretical maximum neutral current for rectifier
type non-linear loads is 173%.

further widens the pulses. In most systems, as few as seven
unfittered devices (even if identical) on line per phase have
sufficient effect on pulse width to cause the neutral pulses to
start overlapping (figure 4). During overlap periods, more than
one phase is conducting at a time on the three phase lines, with
some current being returned on the phase lines, and not in the
neutral. The result is a reduction in neutral current as a percent
of phase current. The maximum neutral current of 173% of
phase current is typically seen only at lower current sub feeders
in larger distribution systems. Pulse overlapping typically re-
duces the neutral current level to less than 130% in main service
panels that are rated at higher current levels. This still may be a
concern in highly loaded services. Note that these maximum
levels occur only under extremely rare cases of perfect balance
with all loads identical in phase reiationship, power factor, and
harmonic characteristics. That is why there is an extremely
small number of observed loads in which neutral currents are
greater than 100% of the neutral conductor rating, and these
loads are restricted to subfeed panels that are either connected
to comparatively large distribution systems, or prewired office
partitions with shared neutrals.

In light of this relationship between current levels and pulse
width, it’s important to differentiate between data from instal-
lations in which neutrals have been truly overloaded, and those
measurements made in systems loaded at very low percentage
of capacity, where neutral current may exceed line current, but
not approach neutral wire capacity. Higher neutral percentages
oceur more frequently in underloaded systems, but do not
indicate the need to increase neutral conductor size.
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Figure 4: Both load population and the effects of source impedance on voltage tend to reduce neutral current.

NEUTRAL CURRENT AND
JOTAL HARMQNIC DISTORTION

Total Harmonic Distortion {THD) is a percentage representing
the deviation of a waveform from the ideal sinusoid. The for-
mula for current THD is:

v 2+L2+ 12+ 12, + 12

%THD = 100 x
Il

Where:
h = harmoenic number
I, = current at harmonic “h” in per-unit of total rms current

Every waveshape has harmonic components. In the case of a
sinusoid, the harmonic component consists of the I1st harmonic,
or fundamental, with no other harmonics present.

Table 1: Third harmonic in single phase non-linear load
current is the major contributor to neutral current. Other har-
monics, including triplens such as 9th, 15th, etc, provide
insignificant contribution.

Harmonic I, - Harmonic I,
1 0.943 1 0.934
3 . 0333 3 0.333
5 0117
7 0.030
9 0.039
1 0.009
13 0.015
15 0.006
%THD = 35.36 %THD = 38.20
%Neutral = 100.0 %Neutral = 100.7

© 1995 Square D All Rights Reserved 5
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The THD of a sinusoid is 0%. Typical unfiltered single phase
electronic loads produce current distortions that contain large
amounts of 3rd harmonic, with decreasing percentages of 5th,
7th, 9th, 11th, 13th, 15th, and so on. Of those harmonics, only
the 3rd, Sth, 15th, etc., contribute to the neutral problem. Har-
monics in this sequence are identifiable as triplen harmonic
numbers that are evenly divisible by 3. Because of their lower
current levels and higher frequencies, the 9th, 15th and higher
triplen harmonics distort the neutral current only slightly and
do not have a significant effect on actual rms neutral current.
Therefore, to accurately estimate the percent neutral current
that would result from three identical non-linear phase cur-
rents, simply multiply the 3rd harmonic (as a percentage of
total rms current), times 3 (see Table 1, page 5). Thus, a mini-

mum of 33.33% of 3rd harmonic is required to produce a 100%

neutral current.

This strong relationship between the 3rd harmonic and neutral
current leads to an equally strong relationship between neutral
current and line current THD. Table 1, page 5 shows that by
considering the 1st and 3rd harmonics only in the THD for-
mula, and setting the 3rd harmonic value to 33.33% to produce
100% neutral current, the minimum THD to produce this cur-
rent is 35.36%. Note that if other harmonics are present, they
merely raise the THD number, but do not significantly increase
neutral current. For that reason, a THD of 35.36% is the mini-
mum limit of line current distortion required to produce 100%
neutral current in a balanced wye system. For a more general
rule, the following guideline relationships can be calculated:

Given:
current

I3 = Third harmonic current as a per-unit of total rms
current

The %THD increases only when harmonics other than funda-

mental and third are considered. Other harmonics can be
neglected because they do not contribute significantly to neu-
tral current when considering minimum %THD:

I I
1. Minimunm %THD = 100 x IL = 100 x —IE-
1 1

2. And, since I} and I are defined as per-unit of total 1ms
current, then:

VI2e1d = 1 or L= Vi_p2

-1
3. Combining equations I and 2:

I

Minimum %THD = 100 x

1-15?
or

% THD

V10,000 + {%THD)?

4. Since all harmonics other than 3rd have an insignificant
effect on neutral current:

%Neutral = 300 x I,

Maximum I =

6 © 1995 Square D All Rights Reserved

I, = Fundamental current as a per-unit of total rms -

5. Note that since the maximum neutral current is 173%, the
maximum, 3rd harmonic is 0.577 times the total rms line
current. Combining equations 3 and 4:

Maximum %Neutral =
% THD

110,000 + (%THD)*

This relationship in equation 5 is a good guideline for estimat-
ing the maximum, balanced neutral current for THD values up
to about 150%. Because third harmonic reaches its maximum at
57.7% of total rms current, equation 5 becomes increasingly
inaccurate as the neutral value approaches 173%. As a result,
although equation 5 ¢stimates that a minimum of 70.7% line
current THD is required to reach the 173% maximum, in prac-
tice it typically takes 80-90% THD to achieve maximum neutral
levels.

For example, a lighting ballast is rated at 10% THD. What will be
the maximum, balanced load neutral current on the lighting panel?

300 x

up to 173% neutral

Maximum % Neutral =

10 3000
300 x =

Y 10,000 + (10)2 Y10,100

= 29.9% of
line current

LIGHTING BALLASTS

Table 2: Current harmonic limits for lighting ballasts.

Harmonic Maximum Value
Fundamental (by definition) 100%
2nd Harmonic 5%
3rd Harmonic 30%
Individual Harmonics > 11th 7%
Odd Triples 30%
Harmonic Factor (Distortion Factor) 32%

The lighting industry has established limits on harmonic cur-
rents for lighting ballasts which are outlined in ANSI Standard
(82.11-1993. Table 2 is a portion of Table 3 from ANSI Standard
(82.11-1993. The table is quite comprehensive in that it puts
limits on specific low-order harmenics (2nd and 3rd), high-order
harmeonics (>11th), and odd triples. To further encourage the
use of the low THD ballast designs, some utility companies
offer energy saving rebates only for electronic ballasts that have
THD values less than 20%. Each ballast manufacturer has a
large selection in the <20% range. In reality, most of the prod-
ucts fall in this range, see Table 3.

Table 3 : THD ranges for various types of ballasts compared
with office equipment.

Device Type THD

Older Rapid Start Magnetic Ballast 10-29%
Electronic 1.C. Based Ballast 4-10%
Electronic Discrete Based Ballast 18-30%
Newet Rapid Start Electronic Baflast <10%
Newer Instant Start Electronic Ballast 15-27%
High Intensity Discharge (HID) Bailast 15-27%
Office Equipment 50-150%

llr
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Line Current
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Figure 5: Current signature of a lighting panel main showing a 145A rms electronic ballast load. Line current THD is 16.7%, with a
neutral current of 69.2A (47.7%). Third harmonic component is 16.2%

As pointed out previously in this paper, non-linear load current
pulse widths vary with the number of loads and the magnitude
of load current in the system. As pulse widths increase, the
THD percentage goes down, simply because the waveform is
becoming more sinusoidal. Computer load currents vary be-
tween about 40% on systems that are heavily loaded and have
high load populations, to 150% THD or more, on individual
load branch circuits. In comparison, the ballast industry has set
a standard for electronic ballasts at 32% maximum THD. In fact,
maodern electronic ballasts vary from about 4% to 23% THD,
showing the beneficial effect of input filters incorporated in
their design (see figure 5).

UNBALANCED LINE LOADS AND NEUTRAL RENT

Phase A —

peo

Yy Neutral

peo

Phasg B —»

Phase C

No Load

Figure 6: Unbalanced single phase non-linear loads can create
elevated neutral current.

Just as balanced load neutral current is related to %THD, neu-
tral current resulting from unbalanced non-linear loads are also
related to current distortion. For linear loads, the maximum
neutral current is 100%, regardless of balance. However, single
phase non-lingar loads, can create elevated neutral levels, par-
ticularly in severely unbalance loads (figure 6). If two phases
are at full load, with no load on the third phase, the maximum
neutral current can be calculated in the same way as in figure 3,
page 4, but with two non-overlapping current pulses returning
in the neutral for every single pulse on the line:

1/ 2 T (12a7)
AT=10

Tt of

Neutral = = 1.414 x Line

The maximum neutral current for an unbalanced load condi-
tion can be estimated in a way similar to the derivation of
equation 5, page 6. In this case, however, the neutral carries the
same magnitude as the line current of fundamental and other
non-triplen harmonics, but also carries twice the triplen har-
monics. We can isolate the effect of triplen harmonics using
equations 6, 7, and 8. -

6. Per Unit;

Line Current (xms) =

ql12+122-i-'[32+142+ ....... +Ih2 =1
or
L=V1 _p2 212 1

7. Neutral current carries the same non-triplen harmonics as
the line, but twice the triplen components:

Neutral Current =

8. Combining equations 6 and 7, and ignoring triplen harmon-
ics above the third for the same reasons as shown in the
balanced neutral derivation:

%Neutral = 100% V1 + 312

9. Combining equations 8 and previously derived equation 3:
Maximum %Neutral =

2500 + (%THD)?
10,000 + (%THD)?

200 x up to 141% neutral

Again, since the third harmonic maximizes at 57.7% of total rms
current, the equation is not valid above the 141% maximum
unbalanced neutral point.

© 1995 Square D  All Rights Rasarved 7
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Maximum Unbalance % Neutral Gurrent vs % THD
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Figure 7: The maximum neutral current when the load is bal-
anced on only two phases depends on current distortion and
has a maximum value of 141.4%. This curve is derived from
equation 9, page 7.

Figure 7 illustrates the effect of current distortion on the maxi-
mum unbalanced current in the neutral. Although the condition
of maximum unbalance under full load conditions is consid-
ered extremely unlikely, for moderate distortions even as high
as the 32% limit for lighting ballasts, the neutral current would
not exceed 113% of line current. Considering the improbability
of the conditions required for such a current magnitude, coupled
with the fact that modern lighting ballasts are far under the 32%
THD maximum, the use of oversized neutrals for those applica-
tions appears unreascnable, However, for computer loads where
distortions can be 40% and higher, this information reinforces
the idea that oversized neutrals may be required for 208Y /120V
systems. Figure 8 is included to show the effect of other percent-
ages of unbalance in relation to current distortion. Note that
even at the highest level of actual distortion, which is approxi-
mately 20% in typical of modern lighting ballasts, the maximum
unbalanced neutral current is only 105%. Note that practical
installations never approach the extreme unbalance conditions
required to produce these maximums,

8 © 1995 Square D  All Rights Reserved

Figure 8: The unusual condition of two phases fully loaded,
with one phase either unloaded, or lightly loaded, can produce
greater than 100% neutral current, depending on current distor-
tion,

SITE DATA

The authors have accumulated a number of site measurements
of both computer and electronic ballasts. In each case, measure-
ments were made on installations where 100% of the loading
was either computer equipment connected to 208Y/120V sys-
tems, or electronic fluorescent ballasts on 480Y /277V lighting
panels. The sites in which measurements were taken were care-
fully chosen to represent worst case conditions, and included
both Square D Company facilities and other sites, both office
and concentrated electronic installations. In addition, it was
decided that it would not be very constructive to evaluate
actual site neutral current measurements because diversities in
power factor, load equipment characteristics, unbalanced load-
ing, and other factors can make actual neutral current
measurements lower than they theoretically could be if all of
the loads were the same on all three phases. To eliminaie the
variables, which tend to reduce neutral currents in actual instal-
lations, the authors converted each phase current waveform to
an "idealized” format. Each point in figure 9 represents the

‘
i
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Site Data Sampling

Designation THD (%) Neutral (%) RAMS Amperes

Computer 121,36 173.20 1.15 180
Computer 146,22 172.14 3.38

Computer 103,51 172.56 4.63

Computer 86.10 171.12 8.80

Computer 97.51 133,16 16.36 160
Computer 68.05 158.64 16,76

Cormputer 67.57 121.56 20.52

Computer 59,33 107.18 20.58 140
Computer 44.12 §2.97 21.76

Comprter 72.03 167.78 27.30

Computer 82.37 143.11 29.02 120 +
Computer 55.98 90.73 20.22

Computer 82,36 142.90 33.03 -
Computer 59,93 142.74 35.64 E oo
Computer  76.97 137.30 37.23 3
Computer  44.40 112,01 38.42 =
Computer  36.35 80.75 4053 &
Computer  54.08 134.84 4252 o
Computer 52.78 111.47 43.85

Computer 46.07 115.38 46.78

Computer 52.50 131.84 43.08 60
Computer 47.55 121.84 49.40

Computer 54.50 131.54 50.91

Lighting 11.85 34.20 80.95 40
Lighting 18.71 47.76 144.98

Computer 58.24 138.01 228.63

Computer 52.66 130.06 228.75

Computer  45.19 116,00 262.38 20
Computer 29.26 78.74 1197.17

Computer 30.08 81,53 1228.04

Computar 27.88 75.90 1264.46 1]

October 1995
Neutrai Current vs Line Current Distortion
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Figure 9: Both computer and lighting ballast “maximized” neutral contributions fall on or to the right of a curve described by
equation 5, page 6, to @ maximum of 173%, starting at 70.7% THD. Note that balanced loads with THD of less than 35.36% will

always produce neutrals of less than 100%

maximum neutral magnitude if that phase cutrent were identi-
cally copied on all three phases. Actual neutral measurements
at the sites were always lower than the idealized values and, in
fact, were all well below the rating of their neutral conductors.
Figure 9 clearly shows that all loads fall to the right of a nearly
linear relationship described by the previously derived equa-
tion 5, page 6:

Maximum %Neutral =

% THD

V10,000 + (%THD)?

This relationship forms a slightly curved line, extending from
the zero point (0% Neutral, 0% THD), through the 100% neutral
point (35.36% THD), all the way to the 173% neutral maximum.
For computers, ranging from 28% to 150% THD, the maximum
neutral currents follow this curve, resulting in a range starting
at 76% and reaching the maximum non-overlap point of 173%
neutral when the THD reaches 70.7% or more. This curve fits
very well with site measurement value tabulations. Those points

300 x up to 173% neutral

© 1995 Square D

far to the right of the curve contained small amounts of more
linear current elements, or some phase shifted elements that
caused distortions beyond those normally expected from the
amount of third harmonic present.

Note that the examples of computer loads exceeding 140% are
restricted to very low current site measurements, consisting of
lightly loaded branch circuits with lower load population and
comparatively low source impedance as a percent of actual
current flow. In contrast, and of particular note, are the last
three measurement examples that were taken at a Midwest
insurance company. These measurements exceeded 10004 and
represent close to full load for the supply transformer. Note the
effect of source impedance; it keeps the neutral current well
below the neutral conductor rating.

Only two electronic lighting ballast site measurements are
shown, which represent that type of load. Standards limit light-
ing ballasts to 32% THD or less. Their actual range of 4% to 23%
THD would produce neutral values of 12% to 67.2%, and would
not produce neutral currents exceeding 100% under balanced
conditions.

All Rights Reserved 9
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CONCLUSION

There appears to be no significant justification for increasing
neutral capacity in 480Y/277V systems. The lighting industry
has set THD limits, which guarantee that standard, full size
neutrals are adequate. Even under very unusual situations where
the phases are fully loaded and unbalanced, the neutral cur-
rents only slightly exceed 100%. Several products have appeared
on the market for use in 480Y/277V systems that incorporate
double neutral conductors. These products include K-Factor
tated transformers with double neutral 480Y /277V secondar-
ies, double neutral panelboards, double neutral bus duct, and
even double neutral switchgear. The development of such prod-
ucts for use in 480 /277V distribution is, of course, the result of
specification demand. Specifiers and consultants should aveid
the promotion of the myth that neutrals have problems in this
voltage category. In the special case of K-rated transformers,
Underwriters Laboratories (UL) and Canadian Standards
Association {CSA) should reconsider their standards require-
ment for increased neutral terminations on 480Y/277V and
600Y /346V secondaries.

In the category of 208Y/120V systems, until the computer

industry can reduce the %THD of their products, increasing the

capacity of the neutral conductors on some three phase feeders

will continue to be necessary. Within this category, the 200A or

lower subfeed panels and their associated feeder cables, may be

even more likely to exceed the neutral conductor rating.

However, at higher current levels of the distribution system the

need for these precautions lessens. In additicn, main panels that

are fully sized for the feeder transformer, even at 200A or lower, ) .
appear to benefit from the neutral current limiting effect of (
transformer reactance. Although theoretical levels of 113% to L
130% are possible at 400A and higher, to our knowledge, no site

measurements exist that exceed 100% of rating at these current

levels. In practice, typical circuit loading is below 50% of maxi-

mum, In addition, the National Electrical Code (NEC) and

Canadian Electrical Code (CEC) requirements for overcurrent

protection tend to limit system currents to values below maxi-

mum levels. For these reasons, the incidents of neutral currents

actually exceeding neutral conductor capacity are extremely

rare. Normal, conservative design practices will continue to

prove adequate in 400A and higher 208Y/120V panels and

feeder cables, as well as most circuits below 400A.
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Gathering Useful
K-Faclor Measurements

K-rated transformers can help control harmonics’ damaging effects,
but accurate specification depends on accurate measurements

By Robert D, Arthur,
Senior Application
Engineer, Square D
Company, Oshkosh, Wis.

Five years ago, Under-
writers Laboratories
(UL) announced a list-
ing of k-factor capabilities,
but guidelines for specifying
k-factor-rated transformers
using these listings have yet
to be developed. Although
these products can help deal
with harmonics” harmful ef-
fects, studies are showing
their effectiveness depends on
accurate measurements.

It was hoped k-factor rat-,

ings would help specifiers
select transformers to cope
with solid-state electronic
equipment and the problems
it can cause in a facility’s elec-
trical distribution system, K-
rated transformers are now
available for computers and
other ¢lectronic office equip-
ment, electronically-ballasted
lighting systems and industri-
al process control systems
drawing nonsinusoidal cur-
rent. However, one important
question remains: Which k-
rating number to choose?
Some technical articles
have proposed “cockbook”
relationships between load
type, load mix and total k-fac-
tor. These guidelines consis-
tently have failed to match
field measurements taken by
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the author, The problem: k-
factor values in any given cir-
cuit are highly dependent on
source impedance and the
amount of current flowing in
the system. Therefore, trying
to pin down k-factor values
is like shooting at a moving
target-success depends on
where you aim (clamp on)
and when you pull the trigger
{record the measurement).

K-factor defined

Institute of Electrical and
Electronics Engineers (IEEE)
Standard 1100-1992 (IEEE
Recommended Practice For
Powering and Grounding
Sensitive Electronic Equip-
ment) defines k-factor as;

b = hmu
K= It h?

h=1

where I, = root-mean-square
(rms) current at harmonic h,
in per-unit of rated rms load
current.

K-factor is derived using
harmonic analysis instrumen-
tation, Many available amme-
ters include harmonic analy-
sis and k-factor calculation
in their readouts, eliminat-
ing the need to calculate and
spreadsheet harmonic levels,

Many people overlook the

K-factor transformers
easily can be
overspecified in
high-load situations




word “rated” in the definition
of . Data taken from individ-
ual branch-load equipment
cannot be legitimately termed
k-factor because measure-
ments are taken at current
levels lower than the supply-
transformer rating. Typically,
much lower numbers are seen
at transformer terminals as
transformers reach full load.
In practice, instrument k-
measurements taken at other-
than-rated load range from
1 for a linear load to more
than 100 for some small, elec-
tronic power supply loads,

and some loads have signifi-
cantly greater k-factor than
others. Computer factors
range from 15 to as high as
45, while some office copiers
and printers reach levels of 80
or more. Initial k-factor offer-
ings were available at ratings
of 4,13, 20, 30, 40 and 50 to
cover the major range of mea-
sured k-factors. The k-value
of 9 was added later, but has
never been accepted.

The value of measurement
Nationwide surveys taken
by Square D Co. indicate

CNBC Site Test

Measured k-ratings at CNBC illustrate possibility

of overspecifying.

average loading levels for dry-
type transformers of between
35 percent for commercial
facilities and 50 percent for
industrial plants, so most k-
factor measurements are be-
ing taken at comparatively
light loads. Even worse, many
readings are taken in branch
circuits at even lower levels
than the transformer terminal
rating. The resulting higher
measured values have misled
many people into thinking
they need very high k-num-
bers for their transformers.

At the studios of cable tele-
vision network CNBC in
New York City, the author
conducted one of many stud-
ies illustrating k-factor di-
versity and attenuation (see
Figure 1). Here, the concen-
tration of switched-mode
power supply loads—repre-
sented by cable processing
equipment-far exceeded typ-
ical office computer loads.

Despite current distortion
at individual loads, k-factor
levels were significantly lower
at the supply transformer ter-
minals. Figure 1 shows a par-
tial tabulation of panel data
taken at the site. Note that
the measured level at the
transformer was below k-6

-even at about 50 percent

load-although individual cir-
cuits ranged as high as k-118,

A recent study (“Predicting
the Net Harmonic Currents
Produced by Large Numbers
of Distributed Single-Phase
Computer Loads,” presented
at the 1995 IEEE winter
meeting) illustrated the prin-
ciples explained in the side-
bar, “Why Harmonics Drop

as Load Levels Increase”
Using office computer loads,
the study related measured
harmonic magnitudes to
source impedance using the
IEEE term Isc/1.. The defini-
tion was relaxed, with I, re-
stated as actual-rather than
rated—load current.

With that premise, the
study was able to show a
clear influence of source
impedance on office comput-
er load k-factor. Current dis-
tortion decreased as more
computers were added to the
line. The reduction in har-
monic levels corresponds
with the increase in current
(k). lowering the [ge/T;, ratio.
Increasing source impedance
(lowering Isc) has a similar
effect. This relationship be-
tween source impedance
and k-factor appears useful
in providing some general
guidelines for transformers.

This study did not extend
to the source impedance ratio
present at transformer termi-
nals. Transformers with impe-
dance ranging from 3 percent
to 5 percent will have full-
load Ise/Iy, ratios from 20 to
33.3* Fully loaded transform-
ers will see k-factors rang-
ing from 3 to 6. This agrees
well with the numbers in the
CNBC study, among others.

K-factor hazards
As a result, it appears k-fac-
tor numbers of 20, 30, 40 and

* Transformer secondary Iic, or maximam
available fault current (assuming infinite
primary source), is equal to L/per-unit impe-
dance. So, for a 5% impedance transformer,
fault current is 1/.05 = 20 times full load cur-
rent. Thus, the Ie/I ratie for that trans-
former = (20 x rated loed)/rated load = 20,
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True transformer k-ratings should
be based only on full-load harmonics

50 have no application in nor-
mal power distribution. In
fact, such high numbers also
can be harmful. The Com-
puter Business Equipment
Manufacturers Association
(CBEMA), in its CBEMA
Information Letter 1988,
recommended source impe-
dance for power to comput-
ers be between 3 percent and
5 percent. Transformers with
unnecessarily high k-factors
are oversized, and typically
are nameplated with unusual-
ly low impedance values.

Lower source impedance
can cause much higher cur-
rent distortion, Higher har-
monic levels in 208Y,/120
volt systems supplying office
equipment, for example, ac-
centuate high neutral-current
problems, resulting in high
neutral-to-ground signal
noise in sensitive loads, In ad-
dition, low impedance allows
higher harmonic levels to re-
flect upstream into primary-
source power. This can cause
problems in applications such
as industrial drives as well as
computer loads.

The inverse relationship
between k-factor and impe-
dance leads to the conclusion
that the higher the trans-
former's k-factor, the higher
the k-factor of the load may
be. Thus these transformers
are, in a sense, self-justifying,
Using abnormally low impe-
dance (or greatly oversized
transformers) for both office
computer and industrial drive
isolation transformer applica-
tions hinders IEEE Standard
519 compliance efforts.

Applying Guidelines
Although k-factor increas-
es as load decreases, ovarall
transformer coil losses de-
crease with the square of the
load. This reduction far out-
strips the increased heating
effect of higher harmonics
at lighter loads, So, regardless
of load current-distortion
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Why Harmonics Drop us
Load Levels Increase

change, the maximum loss
point in transformer coils is
always at full load. This is
why the true k-rating of a
transformer must be based
only on full load harmonics,
American National Stan-
dards Institute (ANSI)/IEEE
C57.110 “Recommended
Practice For Establishing
Transformer  Capability
When Supplying Nonsinu-
soidal Load Currents” verifies
this rule. This guide standard
defines all parameters for der-
ating transformers supplying
nonlinear loads on the basis
of rated current only.

There is strong evidence
that a rough correlation exists
between measured load cur-
rent K and the Is¢/T;, ratio of
the supply power. Indepen-
dent studies strongly indicate

that transformers with nor-
mal impedance (3 percent to
5 percent) essentially limit
their own load current k-fac-
tor to a range of from 3 to 6 at
full Joad.

The lesson of this informa-
tion is that k-factor calcula-
tions are not valid unless they
are derived from harmonic
data at full transformer rating,
otherwise results can vary.
Because such measurements
are seldom practical k-factor
remains a problematic tool
for specifying transformers,
Studies should be limited to
sites at or near full load. Con-
clusions drawn from these
observations can be used as
general guides, All of the of-
fice-computer load obser-
vations at or near full load
made by the author have

resulted in k-values less than
26. Other studies have led to
the same conclusions,

Most k-rated transformers

sold today are k-4 and k-13

rated, with the latter being
more popular. This appears
to be a wise choice for con-
servative specification. How-
ever, given the fact that aver-
age transformer loading is
quite low, k-4—and even gen-
eral-purpose—transformers
are becoming increasingly
popular with specifiers, The
derating factor for a k4 rated
transformer supplying a k-6
load is typically so slight as to
have no practical impact.

Others have noted that
even with the availability of k-
rated transformers, more than
90 percent of commercial and
industrial office loads re-
main successfully supplied by
standard, general purpose
transformers. This is pos-
sible because of the light
average-load duty that trans-
formers typically see in these
applications.

Specity with are

Most electrical system k-
factor measurements are of
limited use, because either
current was not measured
at the supply-transformer
secondary main, or its magni-
tude was less than trans-
former full load. Measure-
ment sites must be selected
with care, with currents rep-
resenting a high enough
percentage of transformer
capacity to produce mean-
ingful results.

A large number of sophisti-
cated instruments are now
available for measuring cir-
cuit harmonics. These tools

. make it easy to acquire a tre-

mendous amount of informa-
tion about the power qual-
ity in electrical gystems. The
conditions under which this
data is gathered, however,
must be considered for prop-
er specification.
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Harmonic Ganceling Transformers
Part 2 - Gommercial Applications

)

Rohert Arthur, Square D Cempany, Oshkosh, Wisconsin

t is not news to most facility engineers that com-

mercial lighting and receptacle office power

loads can cause harmonic voltage distortion.
Although the majority of office buildings meet I[EEE-519
voltage distortion limits at their service entrance without

any special harmonic abatement, high harmonic current

levels in the electrical systems supplying computers and

other similar office loads can cause problems in commer-

cial applications.

There are a vast number of prod-
ucts on the market that can be used
to mitigate the effects of current dis-
tottions in commercial elecirical
systems. In last month’s issue of
Power Quality Assurance
Magazine, we discussed how trans-
formers can mitigate harmonics in
industtial applicationslll. In Part 2
of this article we examine how these
devices help reduce harmonics in
commercial applications.
Transformers can be used either
singly or in combination to “cancel”
out certain harmonic components,
preventing their transfer into the pri-
mary distribution system. However,
many engineers may be unfamiliar
with these “harmonic canceling”
transformers, particularly how they
differ from standard transformers.

Ilslnn Transformers to
Mitigate Harmonics in
Gommercial Applications

The most commen applications for
harmonic cancelation techniques exist
in industrial systems employing large
numbers of electronic motor drives,
covered in Part 1. Some opportunities
also exist in commercial lighting and
receptacle office power loads where
large numbers of single-phase devices
with nonlinear load characteristics are
connected line-to-neutral on three
phase Wye systems. Reducing har-
monics using transformers is accom-
plished in two ways:

Harmonic Attenuation —
Transformers have reactance and
resistance and, in most cases, rep-
resent the majority of impedance in
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the lines feeding nonlinear loads.
Reactive impedance increases
directly with frequency, naturally
attenuating harmonics by reducing
available current at higher frequen-
cies. While this technique is fairly
common in reducing the current
distortion of ¢lectronic motor
drives in industrial applications, it
is also effective in reducing the
current distortion of office comput-
er loads.

Harmonic Cancelation -
Nonlinear currents from two or more
3-phase load panels can be phase
shifted from one another through
various types of 3-phase transformer
connections making their combined
sum less distorted than their original
waveforms. This reduces the distor-
tion of current flowing into the pri-
mary power (Figure 1),

The vast majority of office panel
loads in North America are current-
ly served with Delta-Wye connect-
ed transformers. Depending on
load level, the impeadance of these
transformers introduces moderate
voltage distortion, which in turn
reduces line and load current dis-
tortion.

Nonlinear loads connected
line-to-neutral, such as in com- .
puters, copiers and other commer-
cial office systems create severe
current distortion in the form of
37d harmonic, followed by
increasingly smaller values of 5th

www.powerquality.com
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Figure 1. Phase shifting computer load currents.

and 7th harmonic. Thus, it is not
uncommon to find current distor-
tions over 100% in 208Y/120
office power branch circuits, For
most of these applications, stan-

dard transformers arc the most
effective and economical choice
for mitigating distortion. The vast
majority of commercial office .
buildings meet IEEE519 limits at

the service entrance without any
harmonic mitigation other than
provided by the standard Delta-
Wye transformers within the
building. However, harmonic can-
celing transformers are useful for
solving special problems where a
system study has demonstrated
the need for more harmonic
abatement than that afforded by
standard transformers. This situa-
tien can occur when either clec-
tronic loads reach 40% of total
demand at the service entrance,
or HVAC adjustable frequency
drive loads reach 10%. Roth of
these limits are rarely approached
in commercial installations.

Both Harmonic canceling trans-
formers and standard Delta-Wye
connected transformers attenuate
harmonic levels through reactance,
and cancel harmonics through
internal phase shifting. The only
difference is the degree to which
each function is addressed. With
Delta-Wye connected transform-
ers, the angles formed by the
Delta side connection produce a
good ‘cancelation’ effect on the
3t harmonics, preventing them
from flowing in the primary lines.
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Harmonlie

Canceling Transformers

./ Thus, ordinary Delta-Wye trans-
formers are very effective harmon-

ic ‘canceling” transformers, and
perform superior functions in har-
meonic attenuation through imped-
ance effects.

Using a transformer to cancel
5th and 7t harmonics in the pri-
mary system in commercial office
loads is done by balancing loads
across Delta-ZigZag connected
transformers and Delta-Wye con-
nected transformers feeding sepa-
rate panels. If the loads on each
type of transformer are balanced,
then current distortion into the
primary system can be reduced
significantly. The 5th and 7th har-
monic cancelation effects brought
about by the 30-degree phase shift.
between Delta-ZigZag and Delta-
Wye connected transformers
depend on the load balance.
Delta-Wye and Delta-ZigZag com-
binations work well for this appli-
cation. No special considerations
are needed to address the 3rd har-
monic. It is taken care of automat-
ically when converting 480V 3-
wire to 208¥/120, whether using
Delta-Wye or Delta-ZigZag
(Figure 2).

dJril Harmonic

Some people have misinterpret-
ed the fact that the 3¢ harmonic
load current is 'trapped’ in the
Delta side of a Delta-Wye con-
nected transformer. Although the
word ‘trapped’ is used a lot in
[EEE and commercial publica-
tions, it was never meant to imply
that there is some ‘extra’ circulat-
ing current going on within the
Delta. All the load side harmonics
flow in the primary Delta coils,
causing normal I2R loss plus a
small amount of eddy current
loss. The 3 and other triplen har-
monics do not appear on the pri-
mary lines because they are can-
celed in the 60° angle at the cor-
ners of the Delta. The belief that
there is some kind of ‘extra’ cur-
rent inside the primary Delta con-

nection gives the impression that
standard Delta-Wye transformers
are unsuitable for computer loads.
Actually, all of the reflected cur-
rents from the secondaty are
accounted for in the primary line
current,

One way of visualizing this is
to consider the 60-degree phase
angle at the corner of the Delta as

causing the 'canceling' of third har-
monic currents. Another way of
thinking about it is to remember
that harmonics are mathematical
products of waveform analysis.
During phase shifting, the new cur-
rent wave has a different harmonic
analysis, perhaps with more or less
harmonic orders, but no real cur-
rents are lost or gained. It is true
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ﬂﬂlll:l!lill‘!l Transformers

that the 31 harmonic is zero
sequernce, and would generate cir-
culating currents in Delta wind-
ings if it occurred simultaneously
on the three load lines. The key to
the misunderstanding is that all
three lines of a 3-phase office
load panel see the 37 harmonic,
but they do not carry that har-
monic at the same time.
Switched-mode power supplies
in electronic loads draw current
during short intervals at the peak of

The Importance of
impedance

Misunderstanding the 3rd har-
monic has led to many incorrect
assumptions about harmonic cance-
lation with transformers. For
instance, the ZigZag connected
secondary has a low zero sequence
impedance compared to its line-to-

line or line-neutral impedance. That

characteristic gives transformers
tremendous advantage in low volt-

-age distortion when supplying zero
sequence current. However, a
ZigZag connected transformer car-
ries current only on one phase at a
time when supplying pure comput-
er loads. The zero sequence imped-
ance measyrement of ZigZag con-
nections is carried out by forcing
equal current simultaneously
through the three phases of the

the applied voltage cycle. Since the
voltage cycles are 120 degrees
apart on the three phases, these
currents are never drawn at the
same time. Each must return in the
neutral, causing three times as
many current pulses in the neutral *
as in the lines, That effect is why
we see ¢levated current in neutrals .

INSTANTANEOUS
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transformer. It should not expected
that the improvement in voltage
distortion afforded by these trans-
formers will be as great as implied
by the zero sequence impedance
measurements,

It should be also pointed out that
ZigZag secondaries on transformers
have lower line-to-neutral imped-
ance than line-to-line; the typical
difference is around 15%, Thus,
standard line-to-line nameplate
impedance should never be used for
short circuit studies. Some harmon-
ic canceling transformers have
nameplates with just line-to-line and
Zero sequence impedance.
Conversion from these numbers to
line-to-neutral impedance is not
straightforward, and the simplified
equations published by some manu-
facturers tend to underestimate let-
though fault current potential for
their products,

Pushing impedance reduction in
the interest of reducing voltage dis-
tortion can have consequences. It is
important to remember that lower
source impedance in 3-phase power
supplied to office computer loads
causes higher neutral currents, and
higher load current distortion (har-
monics}, Because lower impedance
produces less harmonic attenuation
on both the primary and secondary
of the transformer.

Typical loading levels for low
voltage transformers in the U.S,
have been recently defined in
NEMA Std TP 1. This standard
sets the average at 35% on a daily
average and 60% maximum during
the day. These values are consid-
ered quite conservative in the
industry, with many agreeing that
actual numbers are quite a bit
below these estimates. At these
typical loading levels the harmonic
attenuation effects of normal
impedance transformers typically
keep load side neutral current lev-
¢ls in standard load panels below
100% of panel neutral rating, The
use of abnormally low impedance
{<3%) transformers almost guaran-

www.powerqualify.com
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Figure 2. Third harmonic — zero sequence?

tees the need for special load side
panels with increased neutral
capacity. It is possible that higher
interrupting capacity breakers may
be necessary. Increased current
distortion can also exaggerate the
harmonic effects on main or
branch breaker heating and con-
tribute to audible neise in panels
Of even nuisange tripping,

Beyond the Tth Harmonic
Computer load current harmon-
ics of a higher order than the 7t
do not lend themselves well to can-
celation. Even assuming a high
populatien of identical computers,
each has 1ts own unique power
requirement in every instant of
time. Board level regulators draw
current at different times, the state
of charge of the main filter capaci-
tors in the power supplies vary
with time, and disk drives operate
on and off at unique intervals. In
angles of the 9t harmonic and
higher measured in panels feeding
distributed computer loads can be

shown to vary constantly in dis-
placement, and to such a degree
that it may not be possible to
effectively cancel them with trans-
former connections. Therefore,
using harmonic canceling trans-
Jormer phase shifting technigues
Jor mitigating higher order har-
monics than the 7" will seldom
have any significant benefits in
commercial office load applica-
tion. Lock for IEEE to publish
guidelines for various combina-
tions of electronic loads, lighting
loads and adjustable frequency
drive loads in commercial build-
ings in the upcoming IEEE 519A
guide.

Note:

"1. “Harmonic Canceling”
Transformers: Part 1 - Industrial
Applications,” Robert Arthur. Power
Quality Assurance Magazine,
November 1999, page 44.
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“Harmonic Ganceling” Transformers:
Part 1- Indusirial Applications

Robert Arthuy, Square D Company, Oshkosh, Wisconsin

t is not news to most industrial plant engineers
that using large numbers of ac or dc electronic
motor drives (or other forms of rectifier power
control) can sometimes cause harmonic voltage distor-
tion and voltage notching. These voltage distortions can
lead to the malfunction of drives, or damage to other con-
nected equipment. Problems with harmonics remain rel-
atively rare in industrial systems but, in some cases, can

create significant problems.

Voltage distortion is the effect of
distorted current flowing through dis-
tribution system impedance. Current
from a branch circuit flows directly
back to the service, and does not
directly affect other loads. The major-
ity of harmonic issues actually stem
from the indirect effect of the voltage
distortion caused by that current. A
single branch load current can affect
the voltage of the entire distribution
system.

There are a vast number of prod-
ucts on the market being used to miti-
gate the effects of current distortions.
For instance, transformers can be used
either singly or in combination to can-
cel out certain harmonic components,

while supplying power to the primary
distribution system. Many engineers
may be unfamiliar with harmenic
canceling transformers, particularly
when to use them and how they differ
from standard transformers.

Before deciding when and how to
use harmonic canceling transformers,
it is important to first understand how
transformers can affect harmonics.
Reducing harmonics using transform-
ers i§ done in two ways:

Harmonic Attenuation:
Transformers have reactance and
resistance and represent the majority
of impedance-in the lines feeding

44 POWER QUALITY ASSURANCE - NOVEMBER 1993

non-linear loads. Reactive impedance
increases directly with frequency, nat-
urally attenuating harmonics by
reducing available current at higher
frequencies, This technique is fairly
common in reducing the current dis-
tortion of electronic motor drives in
industrtal applications, Figure 1.

Harmonic Cancellation; The non-
linear currents from two or more 3-
phase load panels can be phase shifi-
ed from one another through various
types of 3-phase transformer connec-
tions, so that their combined sum is
less distorted than each of the origi-
nal’s waveforms, This reduces the dis-
tortion of curtent flowing into the pri-
mary power, Figure 2

HEEE 519-1992

Responding to the increasing use
of adjustable frequency drives in
industrial facilities, [EEE 519-1992
has set guidelines (these are not rules,
they are recommended guidelines) for
maximum current distortion present at
a building service entrance. These
guidelines are intended to prevent one
factory from affecting the service of
another, and to proteet utility equip-
ment . The determining factor in
meeting IEEE 519-1992 current dis-
tortion limits is the percent of the
service capacity that is used for serv-
g non-linear loads.
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Figure 1. Harmonic attenuation.

Typically, an industria] facility can load up to 5% of its total
service capacity with 6-pulse variable frequency drives
without exceeding recommended limits. Beyond that, some
form of harmonic abatement may be necessary.
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Figure 2. Harmonic cancellation.

Motor drive current distortion can be reduced using filters,
12-pulse or higher drives, line reactors, drive isolation frans-
formers or harmonic canceling transformers. Both line reactors
and drive isolation transformers use reactive harmonic attenua-
tion effects to reduce the actual current distortion at the input
terminals to the drives. This practice alone allows an increase
of 6-pulse drive load to 20% or more of service capacity, with-
out exceeding guideline distortions. The effectiveness of reac-
tive harmonic attenuation varies depending on other system
characteristics, Conducting careful system analysis is a good
idea before applying any harmonic abatement solution to
ensure the intended results,

Harmonic abatement using filtering and/or 12-, 18- or 24
pulse drive technology is becoming increasingly popular, but these
are relatively expensive solutions, although every customer will
see different magnitudes of savings and/or costs depending on
histher choices and starting circumstance, Using transformers for
harmonic cancellation can be an atractive alternative for heavy
drive users, particularly for users who already incorporate drive
isolation transformers for their drives, The simplest cancellation
method is to provide Delta-Delta connected transformers for some
drive power, and Deita-Wye connected transformers for the
remaining drives. If the sum of the drive loads on each type of
drive isolation transformer js balanced, current distortion into the
primary system can be recuced significantly, Figure 3.

The largest distortion components, by far, in 6-pulse drive
current are 5% and 7™ harmonics. Eliminating these harmon-
ics can significantly improve point of common coupling cur-
rent waveform distortion, The 5% and 7 harmonic cancella-
tion effects brought about by the 30-degree phase shift
between Delta-Delta and Delta-Wye connected transformers
will depend on load balance, For continuous torque applica-
tions where loads are faitly constant, close load balance is
easier to achieve. On the other hand, process control applica-
tions, such as punching, stamping or motion control, make it
difficult to maintain consistent balance of multiple drive loads

www.powerguality.com



Harmonic Canceling Transformers

" Graphic 377 .
Phase Shifting Drive Currents:

Figure 3. Delta-Delta connected transformers can be used for Figure 4. Delta-ZigZag connected transformers, when used in
some drive power, and Delta-Wye connected transformers for the combination with Delta-Wye connected transformers, can serve
remaining drives for relatively inexpensive harmonic abatement. other drive loads on the same service.
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at any given time,

In some cases, Delta-Delta connected
drive isolation transformers are undesit-
able because the secondary cannot be
grounded in a batanced way.
Ungrounded power can adversely affect
the operation of some drives, and can
cause drives to trip on surges and impuls-
¢s coupled from the primary service. For
these applications, Delta-ZigZag con-
nected transformers are available. This

zero phase shift connection acts like a
Wye source for the drive, providing a
balanced neutral point for grounding, At
the same time, they substitute for Delta-
Delta transformers, providing the same
harmonic abatement when used in com-
bination with Delta-Wye connected
transformers, serving other drive loads
on the same service {Figure 4). When
voltage change is not required, the use of
line reactors on half the load, along with
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Delta-Wye connected loads on the other
half, can be used.

Transformer: a Misnomer

Since standard drive isolation trans-
formers can be effectively used as har-
monic-canceling transformers, the term
“harmonic canceling transformer”
becomes ill defined. In general, that term
is attributed to transformer products with
special connections that can address 11th,
13% and even higher harmonics in drive
loads. These can be single transformers
with multiple secondaries, or sets of
transformers feeding multiple loads, The
basic principles are the same, except that
15-degree phase shift is required
address 11% and 13% harmonics, The
benefits of this additional step in harmon-
i¢ reduction are dubious, however,

" because 11M and 13t harmonic compo-

nents contribute to less than 1/5 of the
total distortion in service entrance cur-
rents. The difficulties of obtaining precise
balance of loads will almost always leave
enough residual 5t and 7% harmonic dis-
tortion to minimize the benefit of any
higher harmonic treatment. Filtering is a
more cost-effective method for address-
ing upper order (11% and higher) har-
monics compared to spectal “harmonic
cancellation” transformers, In order for
transformer phase shifting to address 5t
7th, 11th and 13th harmonics, the loads
must be separated into four separate pan-
els, shifted 07, 157 30° and 45° by either
separate transformers, or one multiple
output transformer. 11t and 13% har-
monic filtering can typically be done for
far less than half the cost of the additional
separation of loads, and purchasing the
additional phase shifting transformers that
would be necessary.

Next Issue

In the next issue of Power Quality
Assurance Magazine, Mr. Arthur will
examine common sources of harmon-
ies in commercial buildings and dis-
cuss means of mitigation.

For More Information Circle 206
on the Reader Info Card

www.powerquality.com



Drive Isolation Transformer —
- Solutions to Power Quality

Bob Arthur, Square 0 Gompany, 0shkosh, Wisconsin

By now, plant and facility managers know very well that
drives can cause harmonic voltage distortion and voltage
notching resulting in malfunction or damage to other con-
nected equipment. But what is not well known is that drive
isolation transformers can be a simple, cost-effective solu-
tion to drives-related power quality.

Systems with Targe amounts of power
factor correcting capacitors, hi gh volt-
age distortion can cause resonance at
system harmonic frequencies causing
high series or parallel-resonant currents,
which can be very damaging to the elec-
trical system,

Drive Isolatien Transiormers

Adding reactance to the drive’s
power source is an effective technique

Drives and Power Quality
Problems

All types of drives rectify incoming
power to form a DC level that is either
used to directly power the motor (DC)
or supply an inverter (AC). In both
cases, the “front-end” rectification
causes the current waveform to be
nonsinusoidal, or “nonlinear” in nature.
In the special case of three-phase drives
using 6-pulse SCR rectifiers there are
shott intervals of time when more than

-DC Drivé

one SCR is on, resulting in a transient

“short circuit” or current peak to flow
six times per line power cycle.
Distorted current flow causes nonlin-
ear veltage to drop across the system
impedance, resulting in distorted volt-
age. This distortion can have serious
effect on other equipment connected on
the same service, such as UPSs, com-
puters, process controllers or data
communication systems. Additionally,
the high current peaks of DC drives can

cause “notching” in the voltage, which Figure 2. Drive isolation transformers reduuce harmonic voltage distartion effects of adjustable

some equipment cannot tolerate, In frequency drives.

30 POWER QUALITY ASSURANCE + MARCH/APRIL 1998

PSA FILE S01.59

. ———————
—_— R

———



Drive Isolation Transformers

for reducing negative effects on the
electrical system. Adding reactance by
using drive isolation transformers can
reduce the amount of distortion present
in the input current to the drive.
Using drive isolation transformers to
reduce current harmonics can:
= Decrease line current waveform dis-
tortion, which improves the power
factor of the drive load,

* Reduce line notching effects on the
system voltage caused by SCR
switching overlap (Figure I).

* Reduce voitage waveform distortion
effects in the feeders ahead of the
transformer, which can prevent
drives from affecting sensitive loads,
even other drives elsewhere on the
service (Figure 2).

Unlike simple line reactors, the sec-
ondary of a drive isolation transformer
represents a separately derived power
supply that is electrically isolated from

Figure 3. The isolated secondary of a drive isolation transformer affows grounding, which

eliminates common-mods transient energy.

the primary source. If the secondaty is
wye connected, then it can be grounded.
Grounding prevents the transfer of com-
mon-mode noise and transients, both

from the primary source to the drive, and
from the drive to the primary system
(Figure 3).
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Drives can also introduce large in-
duced ground currents. This is due to
rapid current changes caused by diodes,
SCRs or pulse-width-modulated
(PWM) outputs that couple currents
capacitively through the ground back to
the source. High-frequency induced
ground currents are a major cause of
data disruption in digital communica-
tion and can produce nuisance tripping
of ground fault systems. Introducing a
grounded drive isolation transformer
localizes the ground current effect and
prevents it from extending upstream
from the transformer {Figure 4).

When specifying drive isolation
transformers, be sure they are degigned
to accommodate the additional heating
effects of the distorted current of both
AC and DC drives. Loads incorporat-
ing static diode rectification present dis-
torted current waveforms to the trans-
former windings and can create
additional heating in the coils. Three-
phase SCR-controlled loads introduce
similar harmonic heating effects and
present high-level current transients
during commutation overlaps. Drive
isolation transformers also need to with-
stand the mechanical forces in their coils
that result from SCR overlap current
spikes, which are typical for DC drives.
Finally, the drive isolation specifier
must consider thermal and mechanical
stresses caused by the highly cyclic load
demands of both DC and adjustable fre-
quency drive process applications.

Many loads have characteristics
similar to AC and DC drives. This is
because the load inputs are either de-
signed with three-phase static diodes or
three-phase, 6-pulse, SCR bridge recti-
fier circuits. Drive isolation transform-
ers can control the effects of these loads
on the ptimary power system. General
equipment applications for drive isola-
tion transformers include: SCR-con-
trelled heating or furnaces, three-phase
rectifier input DC power supplies or
three-phase switched-mode power sup-
plies.

Isolation Transformers vs.

Drive Isolation Transiormers
There are no standards that differen-

tiate transformers rated for drives from

general-purpose transformers. For this
reason, it is important to specify the fea-
tures that differentiate them. Many
manufacturers merely re-label their
standard general-purpose line for use as
drive isolation transformers. To ensure
your equipment is truly rated for drives,
make sure the manufacturer is able to
prove that the drive current distortion
effects do not cause coil overheating,
In addition, IEEE Standard 597 requires

that drives be capable of supplying
150% of rated cuarrent for one minute
out of each hour. Transformers rated for
drives must be capable of those same
overload cycles. Since one of the major
benefits of using drive isolation trans-
formers is to provide sufficient line re-
actance to reduce the effects on other
parts of the electrical system, minimum
reactance specifications are important.
(See Specification Highlights sidebar.)
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Drive Isolation Transformers

Flgure 4, Induced ground current and noise from drives returns threugh the grnunded secondary
of an isolated transformer and is pravented from traveling into the prrmary source.

e Page 33
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or other drives to act crratically, then a
reactive drive isolation transformer may
be an effective solution. However, a
complete understanding of the prob-
lemns, their causes and the effects of add-
ing reactance to the system is essential
before implementing any power solu-
tion.

If you found this article useful, circle 202 on
the Inquiry card.
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