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Glossary of Transformer Terms

Air cooled: A transformer that is
cooled by the natural circulation of air
around, or through, the core and coils.

Ambient noise level: The existing

or inherent sound level of the area
surrounding the transformer, prior to
energizing the transformer. Measured
in decibels.

Ambient temperature: The temperature
of the air surrounding the transformer
into which the heat of the transformer
is dissipated.

Ampacity: The current-carrying
capacity of an electrical conductor
under stated thermal conditions.
Expressed in amperes.

Ampere: The practical unit
of electric current.

Attenuation: A decrease in signal
power or voltage. Unit of measure
is dB.

Autotransformer: A transformer in
which part of the winding is common
to both the primary and the secondary
circuits.

Banked: Two or more single-phase
transformers wired together to supply
a three-phase load. Three single-phase
transformers can be “banked”
together to support a three-phase load.
For example, three 10 kVA single-phase
transformers “banked” together will
have a 30 kVA three-phase capacity.

BIL: Basic impulse level. The ability
of a transformer’s insulation system
to withstand high voltage surges.
All Eaton 600 V-class transformers
have a 10 kV BIL rating.

BTU: British thermal unit. In North
America, the term “BTU” is used

to describe the heat value (energy
content) of fuels, and also to describe
the power of heating and cooling
systems, such as furnaces, stoves,
barbecue grills and air conditioners.
When used as a unit of power, BTU
“per hour” (BTU/h) is understood,
though this is often abbreviated to
just “BTU.”

Buck-Boost: The name of a
standard, single-phase, two-winding
transformer application with the
low-voltage secondary windings
connected as an autotransformer
for boosting (increasing) or bucking
(decreasing) voltages in small
amounts. Applications can either

be single-phase or three-phase.

CE: Mark to indicate third-party
approved or self-certification to
specific requirements of the
European community.

Celsius (centigrade): Metric
temperature measure.

°F=(1.8x°C) + 32
°C=(°F-32)/1.8

Center tap: A reduced capacity tap

at the mid-point of a winding. The
center tap on three-phase delta-delta
transformers is called a lighting tap.

It provides 5% of the transformer’s kVA
for single-phase loads.

Certified tests: Actual values taken
during production tests and certified
as applying to a given unit shipped
on a specific order. Certified tests are
serial number-specific.

Common mode: Electrical noise

or voltage fluctuation that occurs
between all of the line leads and the
common ground, or between ground
and line or neutral.

Compensated transformer:

A transformer with a turns ratio

that provides a higher than nameplate
output (secondary) voltage at no load,
and nameplate output (secondary)
voltage at rated load. It is common
for small transformers (2 kVA and less)
to be compensated.

Conductor losses: Losses (expressed
in watts) in a transformer that are
incidental to carrying a load: coil
resistance, stray loss due to stray
fluxes in the windings, core clamps,
and the like, as well as circulating
currents (if any) in parallel windings.
Also called load losses.

Continuous duty rating: The load that
a transformer can handle indefinitely
without exceeding its specified
temperature rise.

Core losses: Losses (expressed in
watts) caused by magnetization of

the core and its resistance to magnetic
flux. Also called no-load losses or
excitation losses. Core losses are
always present when the transformer
is energized.

CSA: Canadian Standards
Association. The Canadian equivalent
of Underwriters Laboratories (UL).

CSL3: Candidate Standard Level 3
(CSL3) design criteria developed by
the U.S. Department of Energy.

cUL: Mark to indicate UL Certification
to specific CSA Standards.

Decibel (dB): Unit of measure used to
express the magnitude of a change in
signal or sound level.

Delta connection: A standard three-
phase connection with the ends of
each phase winding connected in
series to form a closed loop with each
phase 120 degrees from the other.
Sometimes referred to as three-wire.

Dielectric tests: Tests that consist of
the application of a voltage higher
than the rated voltage for a specified
time for the purpose of determining
the adequacy against breakdowns of
insulating materials and spacings
under normal conditions.

DOE 2016 efficient: A revision to
federal law 10 CFR Part 431 (2007)

that mandates higher efficiency for
distribution transformers manufactured
for sale in the U.S. and U.S. Territories
effective January 1, 2016. “TP-1"
efficient transformers can no longer
legally be manufactured for use in the
U.S. as of this date.

Dry-type transformer: A transformer

in which the core and coils are in a gas-
eous or dry compound insulating
medium. A transformer that is cooled
by a medium other than a liquid,
normally by the circulation of air.

E3: Eaton’s version of a CSL3
transformer.

Eddy currents: The currents that are
induced in the body of a conducting
mass by the time variation of magnetic
flux or varying magnetic field.

Efficiency: The ratio of the power
output from a transformer to the

total power input. Typically expressed
as a %.

Electrostatic shield: Copper or other
conducting sheet placed between
primary and secondary windings,
and grounded to reduce electrical
interference and to provide additional
protection from line-to-line or line-to-
ground noise. Commonly referred to
as “Faraday shield”

Encapsulated transformer:

A transformer with its coils either
dipped or cast in an epoxy resin or
other encapsulating substance.
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Enclosure: A surrounding case

or housing used to protect the
contained equipment against external
conditions and prevent personnel

from accidentally contacting live parts.

Environmentally preferable product:
A product that has a lesser or reduced
negative effect on human health and
the environment when compared to
competing products that serve the
same purpose. This comparison may
consider raw materials acquisition,
production, manufacturing, packaging,
distribution, reuse, operation,
maintenance and disposal of the
product. This term includes recyclable
products, recycled products and
reusable products.

EPACT: The Energy Policy Act of 1992
(EPAct) is an important piece of
legislation for efficiency because it
established minimum efficiency levels
for dry-type distribution transformers
manufactured or imported after
December 2006. EPAct, which was
based on NEMA standards, defined

a number of terms, including what
constitutes an energy-efficient
transformer. The DOE issued a rule
that defines these transformers and
how manufacturers must comply. In
April 2013, the DOE mandated even
higher minimum efficiency levels for
distribution transformers effective
starting in January 2016. DOE EPAct
rule (PDF): Energy Efficiency Program
for Certain Commercial and Industrial
Equipment: Test Procedures, Labeling,
and the Certification Requirements
for Electric Motors. Final Rule. 10-CFR
Part 431.

Excitation current: No load current. The
current that flows in any winding used
to excite the transformer when all other
windings are open-circuited. It is usually
expressed in percent of the rated current
of a winding in which it is measured.
Also called magnetizing current.

FCAN: “Full Capacity Above Nominal”
taps. Designates the transformer will
deliver its rated kVA when connected
to a voltage source which is higher
than the rated primary voltage.

FCBN: “Full Capacity Below Nominal”
taps. Designates the transformer will
deliver its rated kVA when connected
to a voltage source which is lower than
the rated primary voltage.

Frequency: On AC circuits, designates
the number of times that polarity
alternates from positive to negative
and back again per second, such as
60 cycles per second. Typically
measured in Hertz (Hz).

Ground: Connecting one side of

a circuit to the earth through low
resistance or low impedance paths
to help prevent transmitting electrical
shock to personnel.

Harmonic: A sinusoidal waveform with
a frequency that is an integral multiple
of the fundamental frequency (60 Hz).

60 H; fundamental

120 H; 2nd harmonic
180 H3 3rd harmonic
240 H; 4th harmonic

Harmonic distortion: Nonlinear
distortion of a system characterized
by the appearance of harmonic
(non-sinusoidal) currents in the
output, when the input is sinusoidal.

Harmonic distortion, total (THD): The
square root of the sum of the squares
of all harmonic currents present in

a load, excluding the fundamental

60 Hz current. Usually expressed as

a percent of the fundamental.

High-voltage windings: In a two-
winding transformer, the winding
intended to have the greater
voltage. Usually marked with
“H"” designations.

HMT: Harmonic Mitigating
Transformer (HMT) is better able to
handle the harmonic currents present
in today’s electrical power system.
thereby increasing system capacity,
reducing distortion throughout a
facility, help to minimize downtime
and “mysterious” maintenance on
equipment, and return the longevity
of equipment life through reduced
operational energy losses, thereby
running cooler.

Hp: Horsepower. The energy required
to raise 33,000 pounds a distance of
one foot in one minute. 1 hp is equal
to 746 watts, or 0.746 kW.

Hi pot: A standard test on dry-type

transformers consisting of extra-high
potentials (voltages) connected to the
windings. Used to check the integrity

of insulation materials and clearances.

Hottest-spot temperature: The high-
est temperature inside the transformer
winding. Is greater than the measured
average temperature of the coil
conductors, when using the
resistance change method.

Hysteresis: The tendency of a
magnetic substance to persist in
any state of magnetization.

Impedance: The retarding forces
of current in an AC circuit; the
current-limiting characteristics
of a transformer. Symbol =Z

Inductance: In electrical circuits, the
opposition to a change in the flow of
electrical current. Symbol = L

Inducted potential test: A standard
dielectric test of transformer
insulation. Verifies the integrity of
insulating materials and electrical
clearances.

Inrush current: The initial high peak

of current that occurs in the first few
cycles of energization, which can be
30 to 40 times the rated current.

Insulating transformer: Another term
for an isolating transformer.

Insulation: Material with a high
electrical resistance.

Insulation materials: Those materials
used to insulate the transformer’s
electrical windings from each other
and ground.

Integral TVSS or SPD: Major standard
change for surge protective devices
(formerly known as transient voltage
surge suppressors). The primary
safety standard for transient voltage
surge suppressors (TVSS) has under-
gone major revisions in the past
three years with mandatory compli-
ance by manufacturers required by
September 29, 2009. Even the name of
the standard has changed from UL
Standard for Safety for Transient
Voltage Surge Suppressors, UL 1449
to UL Standard for Safety for Surge
Protective Devices, UL 1449. This
means that TVSS listed to the UL 1449
2nd Edition standard will no longer
be able to be manufactured after
September 29, 2009. All Surge
Protective Devices must be designed,
tested, manufactured and listed to
the UL 1449 3rd Edition standard after
this date.
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Isolating transformer: A transformer
where the input (primary) windings
are not connected to the output
(secondary) windings (i.e., electrically
isolated).

K-factor: A common industry term for
the amount of harmonics produced by
a given load. The larger the K-factor,
the more harmonics that are present.
Also used to define a transformer’s abil-
ity to withstand the additional heating
generated by harmonic currents.

kVA: Kilovolt-ampere. Designates
the output that a transformer can
deliver for a specified time at a
rated secondary voltage and rated
frequency without exceeding the
specified temperature rise. When
multiplied by the power factor, will
give kilowatts or kW.

1000 VA =1 kVA

Lamination: Thin sheets of electrical
steel used to construct the core of
a transformer.

Limiting temperature: The maximum
temperature at which a component
or material may be operated
continuously with no sacrifice

in normal life expectancy.

Linear load: A load where the current
waveform conforms to that of the
applied voltage, or a load where

a change in current is directly
proportional to a change in

applied voltage.

Live part: Any component consisting
of an electrically conductive material
that can be energized under conditions
of normal use.

Load losses: I2R losses in windings.
Also see conductor losses.

Low-voltage winding: In a two-
winding transformer, the winding
intended to have the lesser voltage.
Usually marked with “X"” designations.

Mid-tap: See center tap.

Noise level: The relative intensity of
sound, measured in decibels (dB).
NEMA Standard ST-20 outlines the
maximum allowable noise level for
dry-type transformers.

Nonlinear load: A load where the
current waveform does not conform to
that of the applied voltage, or where a
change in current is not proportional to
a change in applied voltage.

Non-ventilated transformer:

A transformer where the core and
coil assembly is mounted inside

an enclosure with no openings for
ventilation. Also referred to as totally
enclosed non-ventilated (TENV).

No load losses: Losses in a
transformer that is excited at rated
voltage and frequency but that is
not supplying a load. No load losses
include core losses, dielectric losses
and conductor losses in the winding
due to the exciting current. Also
referred to as excitation losses.

Overload capability: Short-term
overload capacity is designed into
transformers as required by ANSI.
Continuous overload capacity is

not deliberately designed into a
transformer because the design
objective is to be within the allowed
winding temperature rise with
nameplate loading.

Percent IR (% resistance): Voltage drop
due to resistance at rated current in
percent of rated voltage.

Percent IX (% reactance): Voltage drop
due to reactance at rated current in
percent of rated voltage.

Percent IZ (% impedance): Voltage
drop due to impedance at rated
current in percent of rated voltage.

Phase: Type of AC electrical circuit;
usually single-phase two- or three-wire,
or three-phase three- or four-wire.

Polarity test: A standard test

on transformers to determine
instantaneous direction of the
voltages in the primary compared
to the secondary.

Primary taps: Taps added to the
primary (input) winding. See Tap.

Primary voltage: The input circuit
voltage.

Power factor: The cosine of the phase

angle between a voltage and a current.

Ratio test: A standard test of
transformers to determine the ratio
of the input (primary) voltage to the
output (secondary) voltage.

Reactance: The effect of inductive
and capacitive components of a
circuit producing other than unity
power factor.

Reactor: A single winding device with
an air or iron core that produces a
specific amount of inductive reactance
into a circuit. Normally used to reduce
of control current.

Regulation: Usually expressed as
the percent change in output voltage
when the load goes from full load to
no load.

Scott T connection: Connection for
three-phase transformers. Instead of
using three sets of coils for a three-
phase load, the transformer uses only
two sets of coils.

Series/multiple winding: A winding
consisting of two or more sections that
can be connected for series operation
or multiple (parallel) operation. Also
called series-parallel winding.

Short circuit: A low resistance
connection, usually accidental,
across part of a circuit, resulting in
excessive current flow.

Sound levels: All transformers make
some sound mainly due to the
vibration generated in its core by
alternating flux. All Eaton general-
purpose dry-type distribution
transformers are designed with
sound levels lower than NEMA ST-20
maximum levels.

Star connection: Same as a wye
connection.

Step-down transformer: A trans-
former where the input voltage is
greater than the output voltage.

Step-up transformer: A transformer
where the input voltage is less than the
output voltage.

T-T connection: See Scott T connection.

Tap: A connection brought out of

a winding at some point between

its extremities, usually to permit
changing the voltage or current ratio.
Taps are typically used to compensate
for above or below rated input voltage,
in order to provide the rated output
voltage. See FCAN and FCBN.

Temperature class: The maximum tem-
perature that the insulation system of
a transformer can continuously with-
stand. The common insulation classes
are 105, 150, 180 (also 185) and 220.

Temperature rise: The increase over
ambient temperature of the windings
due to energizing and loading the
transformer.
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Total losses: The sum of the no-load
losses and load losses.

Totally enclosed non-ventilated
enclosure: The core and coil assembly
is installed inside an enclosure

that has no ventilation to cool the
transformer. The transformer relies
on heat to radiate from the enclosure
for cooling.

Transformer tests: Per NEMA ST-20,
routine transformer production tests
are performed on each transformer
prior to shipment. These tests are:
Ratio tests on the rated voltage
connection; Polarity and Phase
Relation tests on the rated connection;
No-Load and Excitation Current tests
at rated voltage on the rated voltage
connection and Applied Potential and
Induced Potential tests. Special tests
include sound level testing.

Transverse mode: Electrical noise
or voltage disturbance that occurs
between phase and neutral, or from
spurious signals across metallic hot
line and the neutral conductor.

Turns ratio: The ratio of the number
of turns in the high voltage winding
to that in the low voltage winding.

Typical test data: Tests that were
performed on similar units that were
previously manufactured and tested.

UL (Underwriters Laboratories):
An independent safety testing
organization.

Universal taps: A combination of six
primary voltage taps consisting of 2 at
+2-1/2% FCAN and 4 at -2-1/2% FCBN.

Watt: A unit of electrical power when
the current in a circuit is one ampere
and the voltage is one volt.

Wye connection: A standard three-
wire transformer connection with
similar ends of single-phase coils
connected together. The common
point forms the electrical neutral point
and may be grounded. Also referred to
as three-phase four-wire. To obtain the
line-to-neutral voltage, divide the line
voltage by /3 (1.732).

The Energy Policy Act of 2005

The Energy Policy Act of 2005 and
the resulting federal law 10 CFR

Part 431 (2007) require that efficiency
of low-voltage dry-type distribution
transformers manufactured between
January 1, 2007 and December 31, 2015
shall be no less than the efficiency
levels listed in Table 4-2 of NEMA
Standard TP-1-2002. The U.S.
Department of Energy passed a
revision to 10 CFR Part 431 in 2013,
mandating higher efficiency levels
for distribution transformers
manufactured starting January 1, 2016.
Transformers manufactured starting
on this date, for installation in the
U.S., must meet the new efficiencies
detailed in 10 CFR Part 431 (2016),
commonly referred to as “DOE 2016
efficiency” Transformers specifically
excluded from the scope of this

law include:

Transformers rated less than 15 kVA

Transformers with a primary or
secondary voltage greater than 600 V

Transformers rated for operation at
other than 60 Hz

Transformers with a tap range
greater than 20%

Motor drive isolation transformers
Rectifier transformers
Autotransformers

Transformers that supply Uninter-
ruptible Power Supplies

Special impedance transformers
Regulating transformers

Sealed and non-ventilated trans-
formers

Machine tool transformers
Welding transformers
Grounding transformers
Testing transformers
Repaired transformers

Table 19.0-1. Low-Voltage Dry-Type Distribution Transformer Efficiency Table (%)

Three-Phase NEMA TP-1 NEMA CSL3 DOE 2016
kVA (National Standard Premium® (National Standard
1/1/2007-12/31/2015) 1/1/2016)
15 97.0 97.90 97.98 97.89
30 975 98.25 98.29 98.23
45 97.7 98.39 98.45 98.40
75 98.0 98.60 98.64 98.60
12.5 98.2 98.74 98.76 98.74
150 98.3 98.81 98.85 98.83
225 98.5 98.95 98.96 98.94
300 98.6 99.02 99.04 99.02
500 98.7 99.09 99.15 99.14
750 98.8 99.16 99.23 99.23
1000 98.9 99.23 99.28 99.28

Distribution Transformers

Table 19.0-2. DOE 2016 Minimum Efficiency Levels for Low-Voltage Dry-Type

Single-Phase Three-Phase
kVA | Efficiency % kVA | Efficiency %
15 9770 15 9789
25 98.00 30 98.23
375 98.20 45 98.40
50 98.30 75 98.60
75 98.50 125 98.74
100 98.60 150 98.83
167 98.70 225 98.94
250 98.80 300 99.02
333 98.90 500 99.14
- - 750 99.23
- - 1000 99.28
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Description
Harmonic Mitigating Transformers What are Harmonics?
As our world becomes even more the electrical distribution system. An understanding of how harmo_nlcs
- . il . . are generated and what harmonics
dependent on electrical and electronic The difficult thing about harmonic really are is necessary in order to
equipment, there is an increased distortion is determining the source. understand how HMTs can provide
likelihood that operations will Once this task has been completed, harmonic mitigation. Electronic equip-
experience the negative effects of the solution can be easy. Harmonic ment requires DC voltage to operate.
harmonic distortion. The productivity mitigating transformers (HMTs) are Rectifiers and capacitors are used to
and efficiency gains achieved from one of the many possible solutions convert AC voltage to DC voltage
increasingly sophisticated pieces to help eliminate these harmful within the equipment. These devices
of equipment have a drawback: harmonics. are frequently referred to as switch
increased harmonic distortion in mode power supplies. As the capaci-

tors charge and discharge during this
conversion, the capacitor draws cur-
rent in pulses, not at a continuous rate.
This irregular current demand, as
depicted in Figure 19.1-2, distorts the
linear 60 Hz sine wave. As a result, these
types of loads are commonly referred
/ \ to as non-sinusoidal, or nonlinear.

As shown in Figures 19.1-3 and 19.1-4,
the waveform created by the nonlinear
@ source is actually the mathematical
sum of several sine waves, each with
a different frequency and magnitude.
Each of these individual waveforms is
called a harmonic, and is identified by
its frequency relative to the fundamental
frequency, 60 Hz. In other words, each
individual harmonic is identified by a
number, which is the number of com-
plete cycles the specific harmonic goes
through in a single 60 Hz cycle.

60 Hz
fundamental

Figure 19.1-2. Typical Waveform of Single-Phase Devices

In Figure 19.1-4, the fundamental
frequency is 60 Hz. The fundamental

frequency is assigned the harmonic
number of 1, and is the benchmark for
all other harmonic numbering. The
— fundamental, 60 Hz sine wave completes
60 full cycles in one second. The 3rd
harmonic completes three full cycles

in the time it takes the fundamental to
complete just one cycle, or 180 cycles
per second. Likewise, the 5th harmonic
completes five full cycles in the time

it takes the fundamental harmonic to
Figure 19.1-3. Composite Waveform complete a single cycle, which equates
to 300 cycles per second. Odd multiples
of the 3rd harmonic (3rd, 9th,15th,
21st, etc.) are commonly referred to
as triplen harmonics.

The proliferation of electronic equipment
/\ (including computers, fax machines,
37\ AN > /’\‘ L7\ copiers, electronic ballasts, office

equipment, cash registers, slot machines,
electronic monitoring devices, video
games, medical diagnostic equipment
fundamental and the like) is what makes single-phase
devices the most common source of
harmonics. These devices generate a typ-
ical waveform shown in Figure 19.1-2,
and have a harmonic profile as shown

in Table 19.1-9. As one can see, the pre-
dominant harmonic is the 3rd harmonic.

5th O

Figure 19.1-4. Components of a Nonlinear Waveform

Three-phase, nonlinear loads such as
drives, on the other hand, are typically
rich in 5th and 7th harmonics.
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What Problems do
Harmonics Cause?

The distorted current waveform that is
created by nonlinear loads can cause
many problems in an electrical distri-
bution system. Depending upon the
severity of the harmonic distortion,
the negative effects of harmonics may
be tolerable, and the installation of

a K-factor-rated transformer may be
an adequate solution. K-factor-rated
transformers do not provide any
harmonic treatment. Rather, they are
designed to withstand the destructive
effects of the additional heat generated
by harmonic currents in the
transformer’s windings.

In many instances, the harmful effects
of harmonics are too severe, and
simply tolerating them is not an
acceptable option. Harmonic currents
can cause excessive heating in distri-
bution transformers. This additional
heat not only reduces the life expec-
tancy of a transformer, it also reduces
the usable capacity of the transformer.
Another side effect is that the audible
noise of a transformer may be ampli-
fied when installed in a system that
contains harmonics.

An important characteristic of
harmonics is that they are transmitted
upstream from the load, to the trans-
former’s secondary windings, through
the primary windings of the trans-
former, back to the service entrance,
and eventually to the utility lines.

Harmonic currents flowing upstream
from nonlinear loads, through the
system impedance of cables and
transformers, create harmonic voltage
distortion. When linear loads, like
motors, are subjected to harmonic
voltage distortion, they will draw a
nonlinear harmonic current. As with
distribution transformers, harmonic
currents cause increased heating,

due to iron and copper losses, in
motors and generators. This increased
heating can reduce the life of the
motor, as well as the motor’s effi-
ciency. In electrical cables, harmonic
currents may also create increased
heating, which can lead to premature
aging of the electrical insulation.
Nuisance tripping of the circuit break-
ers protecting the cable may also
occur. Communications equipment
and data processing equipment are
especially susceptible to the harmful
effects of harmonics because they rely
on a nearly perfect sinusoidal input.
This equipment may malfunction, or
even fail, when installed in systems
that are rich in harmonics.

The costs associated with downtime
resulting from the malfunction or fail-
ure of electrical or electronic equip-
ment can be staggering. These costs
can easily surpass thousands, if not
millions, of dollars per hour in lost
production or lost productivity. In
addition to the well-defined costs
associated with the most catastrophic
of harmonic effects, there are many
less quantitative costs that are often
overlooked when evaluating the need
for harmonic mitigation. The increased
heating caused by harmonics in
cables, motors and transformers
increases the cooling requirements

in air-conditioned areas. The same
increases in heating result in increased
maintenance costs and more frequent
equipment replacement in order to
avoid failures that could shut down

a building for a period of time.

What do HMTs do?

HMTs are an economical solution in
the battle against the harmful effects of
harmonics. HMTs are passive devices:
they don’t have any moving parts and
they are typically energized 24 hours

a day, 7 days a week, 365 days a year.
This means that they are always “on
the job” treating harmonics, regardless
of the level of load they are serving

at a given point in time. Whenever
the HMT is energized, it will provide
harmonic treatment.

Harmonic mitigating transformers are
commonly referred to as “phase-shift-
ing” transformers. The HMT offering
from Eaton’s electrical business has
delta-connected primary windings
and wye zig-zag connected secondary
windings. The use of wye zig-zag sec-
ondary windings allows a transformer
to be designed in a wide variety of
different phase-shifts (-30°, -15°,

0°, +15°). In standard delta-wye
transformers, including K-factor-rated
transformers, triplen harmonics are
passed from the secondary windings
into the primary delta windings, where
they are trapped and circulate. In
HMTs, the electromagnetic flux
cancellation created by the wye zig-zag
winding configuration prevents 3rd
and other triplen harmonics from
being transmitted into the primary
delta winding. Harmonic treatment is
provided entirely by electromagnetic
flux cancellation; no filters, capacitors
or other such devices are used. It

is important to remember that the
harmonic currents still flow in the
secondary windings.

CA08104001E

For more information, visit: www.eaton.com/consultants



http://www.eaton.com/consultants

K .

19.1-36 Distribution Dry-Type Transformers

FAQ

Product Selection

F.T-N

March 2017
Sheet 19042

Frequently Asked Questions
About Transformers

Can 60 Hz transformers be used at other frequencies?

Transformers rated for 60 Hz can be applied to circuits with
a higher frequency, as long as the nameplate voltages are
not exceeded. The higher the frequency that you apply to a
60 Hz transformer, the less voltage regulation you will have.
60 Hz transformers may be used at lower frequencies, but
only at reduced voltages corresponding to the reduction in
frequency. For example, a 480-120 V 60 Hz transformer

can carry rated kVA at 50 Hz but only when applied as a
400-100 V transformer (50/60 x 480 = 400).

Can single-phase transformers be used on a three-phase source?

Yes. Any single-phase transformer can be used on a three-
phase source by connecting the primary terminals of the
single-phase transformer to any two wires of a three-phase
system. It does not matter whether the three-phase source is
three-phase three-wire or three-phase four-wire. The output
of the transformer will be single-phase.

Can transformers be used to create three-phase power from a
single-phase system?

No. Single-phase transformers alone cannot be used to
create the phase-shifts required for a three-phase system.
Phase-shifting devices (reactors or capacitors) or phase
converters in conjunction with transformers are required
to change single-phase power to three-phase.

What considerations need to be taken into account when
operating transformers at high altitudes?

At altitudes greater than 3300 ft (1000 m), the density of

the air is lesser than at lower elevations. This reduces the
ability of the air surrounding a transformer to cool it, so the
temperature rise of the transformer is increased. Therefore,
when a transformer is being installed at altitudes greater
than 3300 ft (1000 m) above sea level, it is necessary to
derate the nameplate kVA by 0.3% for each 330 ft (100 m)

in excess of 3300 feet.

What considerations need to be taken into account when
operating transformers where the ambient temperature is high?
Eaton’s dry-type transformers are designed in accordance
with ANSI standards to operate in areas where the average
maximum ambient temperature is 40 °C. For operation in
ambient temperatures above 40 °C, there are two options:

1. Order a custom-designed transformer made for the
specific application.

2. Derate the nameplate kVA of a standard transformer
by 8% for each 10 °C of ambient above 40 °C.
What is the normal life expectancy of a transformer?

When a transformer is operated under ANSI/IEEE basic loading
conditions (ANSI C57.96), the normal life expectancy of a trans-

former is 20 years. The ANSI/IEEE basic loading conditions are:

A. The transformer is continuously loaded at rated kVA
and rated voltages.

The average temperature of the ambient air during
any 24-hour period is equal to 30 °C and at no time
exceeds 40 °C.

C. The altitude where the transformer is installed does not
exceed 3300 ft (1000 m).

What are Insulation Classes?

Insulation classes were originally used to distinguish
insulating materials operating at different temperatures.

In the past, letters were used for the different designations.
Recently, insulation system temperatures (°C) have replaced
the letters’ designations.

Table 19.1-30. Insulation Classes

Previous Insulation System
Designation Rating (°C)

Class A 105

Class B 150

Class F 180

Class H 220

Class R 220

How do you know if the enclosure temperature is too hot?

UL and CSA standards strictly regulate the highest tempera-
ture that an enclosure can reach. For ventilated transformers,
the temperature of the enclosure should not increase by more
than 50 °C in °C ambient at full rated current. For encapsulated
transformers, the temperature of the enclosure should not
increase by more than 65 °C in a 25 °C ambient at full rated
current. This means that it is permissible for the temperature
of the enclosure to reach 90 °C (194 °F). Although this temper-
ature is very warm to the touch, it is within the allowed stan-
dards. A thermometer should be used to measure enclosure
temperatures, not your hand.

Can transformers be reverse-connected (reverse-fed)?

Yes, with limitations. Eaton’s single-phase transformers
rated 3 kVA and larger can be reverse-connected without any
loss of kVA capacity or any adverse effects. Transformers
rated 2 kVA and below, because there is a turns ratio
compensation on the low voltage winding that adjusts
voltage between no load and full load conditions, should
not be reverse-fed.

Three-phase transformers with either delta-delta or delta-wye
configurations can also be reverse-connected for step-up
operation. When reverse-feeding a delta-wye connected
transformer, there are two important considerations to take
into account: (1) The neutral is not connected, only the
three-phase wires of the wye system are connected; and
(2) the ground strap between X0 and the enclosure must
be removed. Due to high inrush currents that may be
created in these applications, it is recommended that you
do not reverse-feed transformers rated more than 75 kVA.
The preferred solution is to purchase an Eaton step-up
transformer designed specifically for your application.

Can transformers be connected in parallel?

Yes, with certain restrictions. For single-phase transformers
being connected in parallel, the voltages and impedances
of the transformers must be equal (impedances must be
within 7.5% of each other). For three-phase transformers,
the same restrictions apply as for single-phase transformers,
plus the phase shift of the transformers must be the same.
For example, a delta-wye—connected transformer (30° phase
shift) must be connected in parallel with another delta-wye-
connected transformer, not a delta-delta—connected
transformer (0° phase shift).

For more information, visit: www.eaton.com/consultants
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Why is the impedance of a transformer important?

The impedance of a transformer is important because it is
used to determine the interrupting rating and trip rating of
the circuit protection devices on the load side of the trans-
former. To calculate the maximum short-circuit current on
the load side of a transformer, use the following formula:

Full Load Current (Amps)
Transformer Impedance

Maximum Short-Circuit _
Load Current (Amps)

Full load current for single-phase circuits is:

Nameplate Volt-Amps
Load (output) Voltage

and for three-phase circuits the full load current is:

Nameplate Volt-Amps
Load (output) Volts x J§

Example: For a standard three-phase, 75 kVA transformer,
rated 480 V delta primary and 208Y/120 V secondary (catalog
number V48M28T75J) and impedance equal to 5.1%, the full
load current is:

75,000 VA
208V x 1.732

= 2082 A

The maximum short-circuit load current is:

208.2A
= 40824 A
0.051 08

The circuit breaker or fuse on the secondary side of this
transformer would have to have a minimum interrupting
capacity of 4083 A at 208 V. NEMA ST-20 (1992).

A similar transformer with lower impedance would require
a primary circuit breaker or fuse with a higher interrupting
capacity.

What clearances are required around transformers when they
are installed?

All dry-type transformers depend upon the circulation of
air for cooling; therefore, it is important that the flow of
air around a transformer not be impeded. Many Eaton
transformers require a minimum clearance of 6 inches
from panels with ventilation openings. However, small
kVA DOE 2016 efficient ventilated transformers are UL
approved to be installed with just 2 inches clearance,
while large kVA transformers require 12 inches or more
clearance. In compliance with NEC 450.9, Eaton’s ventilated
transformers have a note on their nameplates identifying
the minimum required clearance from the ventilation
openings and walls or other obstructions. This clearance
only addresses the ventilation needs of the transformer.
There may be additional local codes and standards that
affect installation clearances.

Transformers should not be mounted in such a manner that
one unit will contribute to the additional heating of another
unit, beyond allowable temperature limits, for example,

where two units are mounted on a wall one above the other.

How Can I Reduce Transformer Sound Levels?

All transformers emit some audible sound due mainly to
the vibration generated in their core by alternating flux.
NEMA ST-20 (2014) defines the maximum average sound
levels for transformers.

Table 19.1-31. NEMA ST-20 (2014) Maximum Audible Sound Levels
for 600 V Class Transformers (dBA)

Equivalent Average Sound Level, Decibels
Winding kVA Self-Cooled Ventilated Self-
Range Cooled
Sealed

A B C D

K Factor =1 K Factor = 13 | Forced Air

K Factor=4 | KFactor=20 | When Fans

K Factor=9 Running
3.00 and below 40 40 67 45
3.01t09.00 40 40 67 45
9.01 to 15.00 45 45 67 50
15.01 to 30.00 45 45 67 50
30.01 to 50.00 45 48 67 50
50.01 to 75.00 50 53 67 b5
75.01 to 112.50 50 53 67 55
112.51 to 150.00 50 53 67 b5
150.01 t0 225.00 |55 58 67 57
225.01 to 300.00 |55 58 67 57
300.01 to 500.00 |60 63 67 59
500.01 to 700.00 |62 65 67 61
700.01 to 1000.00 | 64 67 67 63
Greater than 1000 | Consult factory

Note: Consult factory for nonlinear requirements exceeding a
K-factor rating of 20. When the fans are not running, columns A
and B apply. Sound levels are measured using the A-weighted
scale (dBA).

All Eaton transformers are designed to have audible sound
levels lower than those required by NEMA ST-20 (2014).
However, consideration should be given to the specific
location of a transformer and its installation to minimize the
potential for sound transmission to surrounding structures
and sound reflection. The following installation methods
should be considered:

1. If possible, mount the transformer away from corners
of walls or ceilings. For installations that must be near
a corner, use sound-absorbing materials on the walls
and ceiling if necessary to eliminate reflection.

2. Provide a solid foundation for mounting the transformer
and use vibration dampening mounts if not already
provided in the transformer. Eaton’s ventilated trans-
formers contain a built-in vibration dampening system
to minimize and isolate sound transmission. However,
supplemental vibration dampening mounts installed
between the floor and the transformer may provide
additional sound dampening.

3. Make electrical connections to the transformer using
flexible conduit.

4. Locate the transformer in an area where audible sound
is not offensive to building inhabitants.

5. Install “low sound” transformers (up to 5 dB below
NEMA ST-20 [2014] sound limits).
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