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Type EP “Green Line™ 2 Kva and Below

Type EP “Green Line’’ 3 Kva dnd Above

Type EPT ‘Green Line’” 3 Through 30 Kva

The transformer was one of the first develop-
ments of Westinghouse and has contintied
as a major product over the years. Extensive
and continuous research in transformer.de-
sign practice has been maintainedjas)a co-
operative effort, working with industry,
utilities, and standardization bodigsito better
serve the needs of customers. Each inngva-
tion has been based on sound engineering
experience and on extensivesaceelerated life
testing prior to manufacture.4This is your
assurance that develgpmentdis proven and
progress is practicak

Dry type transformers with open and exposed
core and coils¢have provedynot to be com-
pletely satisfactoryfor geferal purpose use
as they constitute alsafety hazard and are
vulnerable to damage. The next logical step
is to enclose the core and coil in a metal case
which can be ventilated or non-ventilated,
there being advantages to either construc-
tion. However, cases can not be sealed and
moistlire and corrosive vapors can get to the
insulation system. The metal case walls also
serveias agood amplifier for the noise created
bysthe magnetic circuit.

Core)and coil assemblies can also be sub-
merged in oil to provide improved insulation
and cooling, and to make higher ratings pos-

siblef however, oil is a fire hazard, especially
for indoor applications. Non-inflammable
liguids can be substituted for oil but they are
eéxpensive, require use of special coil mate-
rials and, under failure conditions, become
very unstable.

In response to the demand for a simple but
safe dry type transformer, the Specialty Trans-
former Division developed the type EP and
EPT dry type transformer; the most reliable
and safest transformers ever built. Construc-
tion consists of a core and coil assembly em-
bedded in a correctly proportioned mixture
of epoxy resin and sand (Westinghouse
patent 3030596), contained in a metal case.
This design gives small volume and excellent
reliability in the presence of adverse en-
vironmental conditions. The embedding
technique results in a lower noise level than
transformers with open core and coil con-
struction. The resin was chosen because of
superior electrical, mechanical, adhesive, and
handling properties. Good adhesion is par-
ticularlyimportantaround leads and terminals
to prevent the entrance of moisture and other
contaminates. Another advantage of epoxies
is that shrinkage is small compared to other
resins, therefore, there is less tendency to
exert pressure on parts and change electrical
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characteristics§ Because of low shrinkage
and high strength, ‘the resin-sand mixture
will withstand extreme thermal shocks.

This neWpinsulation system has enabled
Westinghouse,to build smaller and quieter
transformers with desirable electrical charac-
teristics.

Application

The basic purpose of a drytype transformeris
voltage transformation, in the load area, for
economy and distribution of power. Loads
are lighting, heating, ranges, air conditioners,
exhaust fans, control circuits, appliances,
and portable tools. Such loads are found in
commercial, institutional, and residential
structures. *‘High Rise” apartments are a
rapidly expanding application for Westing-
house EP and EPT transformers. Other appli-
cations are found in mining and shipboard
distribution systems, as well as in heavy
machinery such as drag lines and power
shovels for lighting and control circuits.

Since flammable liquids, vapors or toxic
fumes are not found in the materials used,
EP and EPT transformers are ideal for indoor
installation where there is a concentration of
people. These transformers are kept up to
date in accordance with the latest revisions
of ASA, NEMA, and IEEE standards. Ratings
through 10 kva are Underwriters Laboratories
approved, this being the scope of coverage
by U.L. at present. Reference to the use of
dry type transformers larger than this, may
be found in the National Electrical Code,
paragraph 450-,21.

Temperature
Types EP and EPT are made in two temper-
ature classes as shown in the table below.

Temper- Class Group Hot Hot Limit-
ature Spot Spot ing
Rating Allow- Limit- Temp,
ance ing
Rise
80*C B8 I 30 110 150
Rise
115°C F ti 30 145 185
Rise

These are ASA standards, all based on 40°C
ambient.

Past practice in the industry has been to
speak ofinsulation as Class A, B, F, H, etc. or
Groups 1, I, respectively; but with regard to
insulation systems, this is replaced by stating
the temperature rise of the subjectinsulation.
This leaves no doubt of the subject and
eliminates need to remember classes and
groups. The terms A, B, etc. are still used to
describe individual pieces of insulation
material.

August, 1970

Supersedes TD 46-860, pages 1-12, dated
December, 1965

E, D, C/2071
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Ratings 15 kva and above, both single and
three phase are now supplied with 115°C
rise insulation systems, smaller ratings with
80°C insulation systems. The entire line was
formerly 80°C rise and the larger ratings are
still available with 80°C rise by negotiation.

Frequency

Standard types EP and EPT transformers are
designed for 60 cycle operation only. Where
transformers are required for other frequen-
cies, they must be specially designed. 50
cycle designs require more active material
(copper and iron) than 60 cycle designs.
This can best be understood by referring to
the basic transformer design equation:

_349x10°xE

“fxAnetxB
transposing
349x10°xE

"NxAnetxB

where N=turns
E=volts on N turns
A= net magnetic cross section in?
B =magnetic induction (gauss)
f=frequency

For a given induction and voltage it can be
seen that a lower frequency requires more N
or more A, or a compromise on both, which
means more pounds of copper and iron.

Operating a 60 cycle transformer at 50 cycles
results in the iron loss increasing 25 percent
to 50 percent and the exciting current will
increase 2 to 3 times. Also, the noise level
will increase 6 to 10 DB. The temperature
rise will increase. In general, it is unwise to
operate 60 cycle transformers at 50 cycles)
except under temporary emergency condi
tions, and then it is understood that the uséer
accepts responsibility for results.

Occasionally there is a requirement_for 25
cycle transformers. These require twice the
kva of parts of a 60 cycle design far afgiven
kva load. Standard 60 cycle “transformers
can be operated at 25 cycles, at halfyvoltage
and half nameplate kva

Transformers for 400 cycleloperation must be
specially designed.

Voltage Variations

The nameplate voltages are the nominal or
design center values. Transformers can be
operated at 5 percent overvoltage for ex-
tended peri@ds, of\time but iron loss and
exciting current will increase. When trans-
formers ¢are“operated at undervoltage, the
iron loss‘and exciting current will decrease
but the'neminal current rating of the winding
does nat change. Operation at undervoltage
amounts to derating.

Phase Changing Transformers

The common and practical winding arrange-
ments for phase transformation are found in
the section on three phase connections. Two
phase systems are infrequent but where they
still exist, two phase to three phase connec-
tions can be used to supply standard three
phase equipment. Three phase to two phase
connections transform power equally well in
either direction and unbalanced loads have
no worse affect than if the connection were
three phase to three phase. Two phase sys-
tems are nothing more than two single phase
systems displaced from each other by 90
electrical degrees, The two single phases can
be connected together in different ways.
Attention must be given to the location) of
grounds so as to prevent shorted windings:

It is practically impossible to transform from
three phase to single phase bymeans, of
static transformation with balanced three
phase conditions. The only practical method
to transform from three phase to'single phase
is to simply use a transformer across one
phase.

Single phase to thfee phase transformation is
possible by creating a/lagging voltage with
inductive componentsand creating a leading
voltage with capacitive,components. Single
phase power changes from a maximum to
zero and back tymaximum every half cycle,
while three phaSe pawer is delivered ata con-
stant rate. Therefore, any system capable of
transfafming from balanced three phase cur-
rent ta single\phase current must be capable
of storing,energy during the interval of time
when'the power delivered to the single phase
side is less than the power received from the
three,phase side. This cannot be done with a
transformer.

D-c Generator Balance Coils

Type EP transformer parts can also be used as
balance coils on d-c generators. The purpose
is to provide an electrical neutral or mid tap for
direct voltage generated from what is basic-
ally a two terminal source. The coil does not
make unbalanced loads appear balanced to
the generator but does create a stable voltage
mid-point. A balance coil capable of hand-
ling a 25 percent unbalance has a VA rating
equal to 9 percent of the generator rating.
Balance coils have ungapped cores and are
characterized by high a-c reactance and low
winding resistance. For correct application,
the following parameters must be stated on a
design request:

1 Generator KW and Voltage.

2 Speed in rpm.

3 Number of Poles.

4 Unbalance (in percent of generator KW).
5 Number of Slip Rings.

Range Application

Standard electric ranges afe designed to be
supplied from “ay,240/120  single phase
grounded neutral power supply. Often, only
208Y/120 is théWsource)of power. A 208
volts to 240 valt autoptransformer, with mid
tap at 240 volts, will not work as the source
and load nedutrals‘will have a voltage differ-
ence between them resulting in a short cir-
cuit. Therefare, an isolation transformer with
a 208"te, 120/240 ratio is commonly used.
Buck-boost, transformers, properly connec-
ted,'can be used in auto-connection for sup-
plying ranges if local codes permit. This is
discussed in price list 46-820.

Isolation Transformers

Some important electrical installations, such
as hospital operating and x-ray rooms, re-
quire complete isolation of electrical appa-
ratus from all other circuits, This is required
for safety reasons presented in the National
Electrical Code in the chapter on Special
Occupancies and Special Equipment. Under
such conditions, positive measures must be
taken to prevent a primary circuit from con-
tacting a secondary circuit under all fault
conditions. This accomplished by separating
the primary and secondary windings with a
one turn metal barrier, positioned when the
coil is wound. The barrier, commonly called
a shield, is adequately insulated from adjacent
windings. These shields are normally con-
nected to the core and case grounding lug.
They have an insulated break to avoid a
short circuited turn. When windings are
separated by a grounding surface, they can
only fail to ground, not to another winding.
Hence, accidental juncture of windings can-
not be caused by molten metal resulting from
failure heating.

Shields, between primary and secondary,
also perform another function which may be
desirable under some conditions. Capaci-
tance cannot exist between windings when
separated by a ground surface. The windings
under such an arrangement will have a
greatly increased capacitance to ground.
This provides a low impedance path to
ground for high frequency voltages and pre-
vent high frequency disturbances from being
passed through the transformer by capacitor
coupling. Shields for such a purpose are
called ‘‘electrostatic shields”. Shielded trans-
formers are specially designed items. When
ground detection equipment is needed, it is
supplied by the electrical contractor.
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Explosion Proof Transformers

Explosion proof equipment is defined (by
Underwriters Laboratories) as apparatus en-
closed in a case which is capable of with-
standing an explosion which may occur
within it of a specified gas or vapor, and of
preventing the ignition of the same sur-
rounding gases by sparks, flashes, or ex-
plosion of the gas within. The U.L. definition
of expolsion proof equipment is thereby tied
to the ability of a metal case to contain an
explosion with no consideration for the
construction of the case contents.

By completely filling a transformer case
with resin-sand and bringing the leads out
through embedded threaded conduit, no
room is left for pockets of gas or vapor ex-
cept for a very few cubic inches in the
conduit. The customer can make connec-
tions to the transformer in explosion {proof
connection boxes which he attaches. It ¢an
be seen that this construction obviate§ the
need for a thick wall metal case. To'date
there is no record of an EP or EPT, failure
causing the resin-sand to explode.yThis
construction is finding much uge in hazard-
ous areas. However, the U.L. definition of
explosion proof equipment_is, notymet and
the user makes the decisigh on his needs.

Transformers for Mixed Single and
Three Phase Load

Example 1:

Assume that itlis desired4o supply a 5 kva
three phase balanced load and a 1% kva 1
phase load on X2-X8 of a T connected
transformer. The ratio of the single phase
load to the totakload is 1; or .3 Curve 1
shows that about 99 percent of the name-
plate kvaiis available under these conditions.
A 6% kvaitransformer would handle the load.
However, the next closest rating is 9 kva
which*'would be supplied.

Example 2:

A 10 kva three phase motor load is to be
supplied from a T connected transformer.
Can a 15 kva transformer also handle 4 kva

of lighting load between X2 and X0? The
4
ratio of single phase load to total load is 12
or .29. Curve 5 shows that the kva available
exceeds .9 of 15 or 13. Hence, a 14 kva
total load cannot be handled. However,
curve 2 shows that a 15 kva rating will
handle the load if it is placed on X3-XO0.

Curve Design Single Phase

No. Load

1 T-Connected X2 to X3

2 T-Connected X3 to X0

4 T-Connected X1 t0X2

&5 T-Connected X2 to X0

7 Delta Bank of Line to Line
3-1 Phase Units

8 Wye Bank of Line to, Neutral

3-1 Phase Units,

1o

100

90

80

w0

&0

rcent Tronsformer Kva Avgilable

lfoiﬁ
50

Available Kva for Mixed Single and Three Phase
Loads

2 . K Lo

Sound Levels

Why Are Transformer Sound Levels
Important?

With increased power demands, trans-
formers must be located nearer to their loads
for a more efficient power distribution.
Transformer noise is receiving more atten-
tion as electrical loads increase in buildings
where large groups of people are present
such as hospitals, offices, schools, and apart-
ment houses. The noise problem has been
complicated by the growing use of hard
light-weight construction materials which
reverberate sounds rather than absorb them.
For this reason, architects and engineers
are now specifying lower audible sound
levels for dry type transformers.

Nema industry standards specify 40 db
noise level for transformers through 9 kva
and 45 db for units rated 10 kva through 50
kva. For Westinghouse average values see
section “‘Typical Performance Data".

What is Transformer Noise?
The main source of sound in a transformer is
magneto-striction. This is the property of
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electrical sheetgSteel which causes it to
elongateyand¥contract in the presence of a
magnetic field. &These periodic mechanical
movemeénts preduce sound vibrations in
the ¢ore, having a fundamental frequency
equal’'tg twice the flux frequency. Due to a
non:linear’relationship between magneto-
striction, and flux density, a number of
harmonically related higher frequencies are
also’produced. This results in a noise spec-
trum, composed on fundamental frequencies
of 120 cycles per second and harmonics of
240, 360, 480, 600, etc.

The pulsations of the core also travel through
other parts of the transformer, which have a
tendency to vibrate at one or other of these
same frequencies. These add to the overall
sound level in the form of inter-laminar core
and coil vibrations. The amount of this
addition is dependent upon the surface area
and resonant frequency of each component
part.

Howv to Control Transformer Sound
and Minimize its Transmission

The main source of transformet noise is
magneto-striction and the effects of it are
controlled by the designer to produce trans-
formers having satisfactory sound levels.

Also contributing to sources of sound are
the interlaminar core and gap vibrations and
coil vibrations. These sources are due to the
inherent structure and method of construct-
ing the transformer core and coil assembly.
Gap vibrations are kept to a minimum by
controlling the pressure when banding the
two core halves together. Interlaminar and
coil vibrations are controlled by encapsu-
lating the entire core and coil in epoxy resin.
This assures a compact assembly with mini-
mum sound amplification,

Dry type transformers of open construction
need metal frames to secure the core and
coil to the case. These frames not only pro-
vide paths along which sound produced by
the core excitation can travel, but because
of mechanical vibrations, they become a
noise source. Since the core and coil of the
encapsulated transformer is rigidly encased
in a mechanically strong, sound deadening
material, metal frames and other subassem-
blies are not needed.

Large surface areas of an enclosure produce
noise and add to the overall sound level.
Westinghouse designs keep this surface
area to a minimum. This, together with rigid
case material, results in minimum sound
generation from the transformer enclosure.
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How to Minimize Transformer Hum

in Installation

Transformer hum control in quiet production
and office areas is a growing problem in
today’s modern plant. Reasons: (1) higher
lighting levels call for more transformer
power, and (2) managers are becoming more
conscious of the disturbing effects of per-
sistent, discordant sound.

Here are eight rules that will minimize
trouble on transformer installations.

1 Fix transformer locations during design
stages of a new plant building, whenever
possible, If transformer is mounted in avail-

able spaces after the building is finished, ex-
pensive modification may be needed to
correct noise problems,

2 Install transformers where noise will be

occupancy areas, or near other noise-
producing equipment. This point seems all
too obvious, but it's often overlooked.

3 Avoid mounting transformers in areas
where voices echo. Stay away from re-

flecting enclosures or objects that cause
resonance. Places like stairwells and hall-
ways can be trouble makers.

4 Mount transformers in a “’free field away
from tile, brick, concrete, or steel ceilings,
walls, or floors. This Way sound éanr;lifi-
cation by reflection is avoided. Second-
best mounting is a flat surface. A corner
mounting is least desirable. Reason: all
sound is then concentrated in a single
quadrant.

5 Use non-rigid conduit or flexible con-
ductors to connect transformers. Core
vibrations not isolated by internal damping
can be transmitted to the building structure
just as easily through rigid conduitgas
through the transformer mounting itself.

6 Don’t mount transformers in"areas‘of light
mass. Walls, partitions, balconies, and, upper
fioors should be taboo. Iffthe weight of the
mounting surface corresponding 416 the
projected area of the transformer is equal to
or greater than the transformeriweight the
chance of noise amplification through sur-
face vibration is reduced considerably.

7 Don’t mount jtransformers on surfaces
that could cause‘distortion of the trans-
former assemblyigWherever a surface is
obviously .Gneven, use shims or compres-
sible material (such as neoprene) at the
point ofsmounting.

8 Wait until“the new building is finished

and\functioning at regular capacity before

taking steps to correct hum. Very often
normal industrial noises will mask trans-
former hum, and make corrective measures
unnecessary. Also inhabited buildings fur-
nish further damping through draperies,
furniture and personal clothing.

Designation of Voltage Ratings
of Windings

General: A long dash (—) shall be used to
separate the voltage ratings of separate
windings. A slant (/) or X shall be used to
separate voltages obtained by delta or wye
connections, by the use of taps, or by series-
parallel connection in the same winding_as
explained in the following paragraphs.
Delta-wye: A single or three phase wind-
ing designed for either delta or wye oper-
ation shall be designated by the delta=voltage
rating, followed by a slant and, the“wye
voltage rating. Example: 120/208Y signifies
that the windings may be connected for120
volts delta or 208 volts Y.

Three Phase Y: A three phase,winding de-
signed only for wye connectionhwith the
neutral of the winding,brought out, shall be
designated by thedwye| voltagegrating fol-
lowed by a slant/and the voltage from line
to neutral. Examples 208Y/120 signifies a
winding suitableyfor 208 wye connection
with 120 volts available from line to neutral.
Series-Parallelor Three Wire: A single
or three phase winding designed for series-
parallel or_three wire connection shall be
designatéd by, the parallel voltage rating
followed by a slant and the series voltage.
Examiple 1204240 signifies a winding suit-
able’for 20 volt parallel connection, or 240

volt series connectiongmor 240/120 volt
three wire connectiont Notéfthat 120/240
will appear on theéjinstfuction plate. Three
wire connections areldiscdssed in terms of
240/120 whichmeansthat 240 volt loads
and 120 volt loadscamexist simultaneously
and the 120, volt load does not have to be
equal, The only, critefia for successful load-
ing is that the ‘cuirent rating of either 120
winding nat, be /exceeded which is deter-
mined@yydividing rated kva by 240.

Series-Parallel Only: A single or three
phase 'winding designed for both series and
parallel connection shall be designated by
the parallel voltage rating followed by an x
and the series voltage rating.

Example; 240 x 480 signifies a winding
suitable for 240 volt parallel connection or
480 volt series connection, but not for
480/240 volt three wire connection.

Three Wire Single Phase: A winding
having a mid tap and designed for one half
rated kva at one half the voltage on either
side of the mid tap shall be designated by
the full winding voltage followed by a slant
and the voltage from line to midpoint.

The ability to operate with three wire con-
nections means that the coil sections are
properly interleaved to operate with un-
balanced loads on either side of the mid tap
without excessive voltage regulation.

Example: 240/120 signifies a 240 volt full
winding with mid tap for one half rated kva
at 120 volts, 240/120/480 signifies a wind-
ing suitable for connection for either 240 or
480 volts, the 240 volt connection having a
mid tap for one half rated kva at 120 volts.

Output and Voltage Ratings and Primary Taps for
Single=Phase General-Purpose Transformers

VoltagéRating

ofdIransformer, Qutput Rating, Kva

Vvolts 0.250 0.500 0750 1 16 2 3 & 7.5 10 15 20 25 375 60
Transformers

240-120 X X X

120 x 240-120/240 X X X X X X X X X X X
480-120 X X X

480-1207240 A A A A A A A A A A A
240 x 480-120/240 X X X X X X X X X X X
600-120 X X X

600-120/240 XA XA XA XA XA XA XA XA

120 x 240-32 X X X X X X X X XA XA XA
120 x 240-12x24 | X X X X X X X

Autotransformers L

240/120 | % X X X X X X X X X X X .

Output and Voltage Ratings and Primary Taps for
Three-Phase General-Purpose Transformers

Voltage Rating

of Transformer, Output Rating, Kva

Voits 3 6 ) 15 30 45 75
480-208Y/120 XA XA XA XA XA B B
600-208Y/120 X X X X B B

X designates a transformer having no primary taps.

A designates a transformer having two 5-percent full-capacity primary taps below rated voltage.
B designates a transformer having four 2% percent full-capacity primary taps below rated voltage,

From ASA std. €89.1-1961.
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Overload and Intermittent
Rating

Overload capacity is not deliberately de-
signed into transformers as the objective is
to come within the allowable rise with name-
plate loading. Therefore, overloads result in
“‘over-temperature”’, the affect on life being
a function of time and temperature. The
heat storage ability of a transformer permits
overloads and repetitive overloads of a cyclic
nature. As heat storage is involved, the
overload capacity is proportional to the
weight of active material. Transformer tem-
perature increases with overload but the
actual temperature attained depends upon
prior load history. If the overload tempera-
ture exceeds rated temperature for only a
short period of time (2-4 hours), no
measurable shortening of insulation life re-
sults.

It is difficult to state the overload capacity of
EP transformers as this varies with duration
and amount of overload. It also varies with
the size of transformer. With this in mind,
the general statement is made that type EP
and EPT will deliver 200% load for 15
minutes, 150% load for % hour, and 125%
load for 2 hours without being damaged. If
this is a point of concern, the factory should
be consulted and the desired operation
described in detail.

The more frequent the cycles of ‘‘overload
followed by reduced load” the less fluctu-
ating will be the temperature swings and the
increase in temperature. Advantage can be
taken of this to get more than nameplate
rating out of a transformer.

The rating of a transformer for intefmittent
duty may be found by the equation:
Equivalent Continuous Rating=

_y

Time Off

\/1 -+ Time On x Load
This equation is most, acclrate. when the
time off” plus “‘time on%is lessthan 1 hour.
It is obvious thatlonggperiods, (2 to 4 hours)
result in a tranSformér approaching a steady
state temperature¢ondition.

Definition of Enclosures,
Non-Ventilated

(Based on NEMA Standards)
Type 1 General Purpose: An enclosure
intended primarily to prevent accidental
contact with the enclosed apparatus. Serves
as protection against dust, light, indirect
splashing, but is not dust tight.

Type 2 Drip Tight: Enclosure intended o
prevent accidental contact with the enclosed
apparatus and is constructed to exclude
falling moisture and dirt. Suitable for appli-
cation where condensation may be\severe,
such as cooling rooms and laundries.

Type 3 Weather Resistant (Weather-
proof): Intended to provide,suitable pro-
tection against specified “weather hazards.
Suitable for applicationf{’outdeors on ship
piers, canal locks, apd construction work
and for application ip, subways and tunnels.
The enclosure shall bejconstructed to ex-
clude beating rain.'Standard EP and EPT
construction comply with- types 1, 2 and 3.

Type 5 Dust Tight: Provided with gaskets
or their‘equivalent to exclude dust. Suitable
for application in steel and cement mills
whergit is‘desirable to exclude dust. Stand-
ard EP ‘and EPT cases are not dust tight.

Type 6)Submersible: Suitable for appli-
cation wheére submersion may occur, as in
quaries,/mines, and manholes. The design
of the enclosure will depend upon specified
conditions of pressure and time. Standard
EP“and EPT transformers are not submersible
transformers.

Type 7 (A. B, C, or D) Hazardous Loca-
tions — Class |I: These enclosures are de-
signed to meet the application requirements
of the National Electric Code for Class |
hazardous locations. Class | locations are
those in which flammable gases or vapors
are or may be present in the air in quantities
sufficient to produce explosive or ignitible
mixtures. See Chapter 5 of N.E.C.

Type 9 (E, F, or G) Hazardous Locations
— Class Il: These locations are those which
are hazardous because of the presence of
combustible dust. See Chapter 5 of N.E.C.
Standard EP and EPT cases do not comply
with type 7 and 9 requirements.

Type 12 Industrial Use: Designed for use
in those industries where it is desired to ex-
clude such materials as dust, lint, fibers,
flyings, and oil or coolant seepage. Stand-
ard EP and EPT cases do not meet type 12.
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General

Type EPjcases, single phase, 3 to 10 kva
inclusive, are, listed by Underwriters’ Lab-
oratories as weatherproof type 3. The lower
kva [ratings ‘are listed as indoor, the only
difference being one less primer coat. The
15%%kva and larger single phase cases are of
similar gonstruction but at present U.L. does
not list these ratings or 3 phase ratings.

The core and coils are definitely dust tight
but dust can enter the terminal compartment
as the joints are not completely flanged or
gasketed.

Although EP and EPT are not represented as
being submersible, they will come through
an occasional flooding in good operating
condition. Where flooding can occur, the
installation position must be such that
terminal compartments will readily drain.

Tee-Connected Three Phase
Transformer

This transformer consists of two single phase
core and coils interconnected in an arrange-
ment simulating a ‘T for transforming 3
phase to 3 phase. The two core and coil
assemblies are placed side by side in a case.

Tee connected 3 phase transformers are
different because two core and coil assem-
blies accomplish the voltage transformation.
This is in contrast to three core and coils or
three coils on a 3 legged core type magnetic
circuit. The T is nothing more than a simpli-
fication of the commonly accepted “‘Scott”
connection for 3 phase to 2 phase trans-
formation. It is obvious that if two core and
coils will accomplish 3 phase to 2 phase
transformation then two core and coils will
transform 3 phase to 3 phase.

The vector relationships are shown below
and compared with A- A, etc. vectors:

The vector relationships between the three
phase primary and secondary is a function
of the winding arrangement on the two single
cores. If both main windings are on one core,
and both teaser windings on the other, there
will be no phase displacement between pri-

Tee Three Core-Coil
HZ X2 ! HZ Xz
N & l
SL 7 AL %
- |
HI H3 X1 X3 H H3 X1 X3

Q¢ Phase Displacemen?

X2

\

HI H3 I X3 W B3 X3
30° Phese Displocement

HZ

<«
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Tee-Connected Three Phase
Transformer (Continued)

mary and secondary. If each single core has
one “‘main” winding and one teaser, the
phase displacement will be 30°C.

A phase displacement of 0° simulates the
wye-wye or delta-delta arrangement of con-
ventional three phase transformers. A 30°
displacement simulates wye-delta or delta-
wye.

One end of the teaser winding on both pri-
mary and secondary is internally connected
to the mid point of the corresponding main.
The neutral point on all windings is on the
teaser one third of the distance electrically
from its connection to the main.

An important object in the design of a T
connected winding is to insure that the mid
point of the main is electrically midway be-
tween the two ends of the winding through-
out the full range of anticipated loading.
This is accomplished by careful balancing
of both the resistance and reactance in the
two halves of the main winding. Any cur-
rent flowing in one half of the winding will
induce an equal current in the opposite
directionin the other half of the same winding
or in another winding on the same core. The
mid-point of the main and consequently the
neutral point, which is closely associated
with it, is quite firm in its relationship to line
voltages.

Winding Arrangements

The T connection has different exciting
current and neutral current characteristics
from delta or wye connections but gives
equal performance. It has been common
practice to specify one of the four standard
delta or wye connections to get the ex-
citing current and neutral current flow de-
sired and this in turn determined the phase
shift from high to low. The T connection has
the same exciting current and neutral cur-
rent characteristic regardless ,of phasefshift;
so a customer should specifydthat“a, zero
phase shift is desired onlywhen itiis,neces-
sary for paralleling purposes and in all’other
orders, the 30° phase shift shouldsbe sup-
plied since it is easier to “manufacture and
gives better impedance values{ The terms
**zero phase shift” and °‘30° phase shift”
should be used rather than “’Delta-Delta”
or “'Delta-wye".

Standard high veltage tap arrangements and
series — parallel low voltage connections are
possible with], asis'done on delta and wye;
but a trapsfermer to work on two different
systems with voltage in the ratio of the V'I—i
is not{possible. This is because coils cannot
be re-connected for this ratio change.
Either“anlow voltage lighting tap or a fow
voltage neutral can be brought out of a T

connection and it is theoretically possible to
bring out both although limited space makes
this highly undesirable. A neutral should not
be used with a series-parallel low voltage
for economic reasons. Neither should series-
parallel high and lows be specified.

Third Harmonic Currents

The T connected transformer has two ex-
citing currents instead of three. The third
harmonic components are notin phase butin
quadrature. One core and coil of the two will
be connected directly across one pair of
lines. The exciting current for the other unit
will flow from the third line and divide
equally at the midpoint of the first unit'and
add vectorially to the exciting current of the
first unit in one of the first two Jines, and
subtract in the other. Therefore, thejvector
sum of the exciting currents inythe three
lines is zero. Consequently, thethird har-
monic components of the exgiting current
are not suppressed and the neutral, does not
shift as in a Y-Y transformeriwithisolated
primary neutrals

Current and Voltage /Balance

The impedance®of thé T design is of the
same order asfa single phase transformer of
one half the kvay Thelimpedance of three
core and coil.designs, is of the same order
as single phase transformers of one third
the kva. As impedances increase inversely
with ratings. the " transformers can be ex-
pected'to have better voltage regulation than
three core and coil transformers. The result
is .that difféerences in regulation between
phases“are negligible. In 30° phase shift
units, a 5 to 10 percent difference in regula-
tion “is) common, but the result is .1 to .3
peicent difference in voltage which is
hardly detectable with industrial meters.
The zero phase shift transformer may have
25 percent difference in regulation between
phases and although this would not produce
appreciable effects, it points out the desira-
bility of the 30° phase shift connection.

Parallel Operation

AT connected 3 phase unit can be paralleled
with another 3 phase unit if the usual paral-
leling requirements are met (equal voltage
ratios, equivalent vector diagrams, and regu-
lation within *+ 7%%). There are considerable
problems in designing to meet these re-
quirements and it is more economical to
limit paralleling to duplicate designs.

Equivalent Y-Y Connection

With the T connegtion;.itdis not necessary to
bring out the primaryyneutralland connect it
to the source neutral toyprovide a path for
the third harmofic gxeiting current to avoid
neutral shift. Itt must be emphasized that
with the T 4onnection, it is not only un-
necessary but@highly undesirable for the
primary neutral to’be connected to source
neutralglf thisyis’done the T connected unit
will act asia, conventional Y with its primary
neutral connected to the system neutral and
the, transformer will try to balance the three
ling to,neutral voltages for the whole system.
It/could seriously overheat from this cause
without the secondary being loaded. The
low voltage material may be brought out
and either grounded or used for line to
neutral loading without introducing an un-
favorable operating condition.

Primary Open Circuit

In many 3 phase connections an open cir-
cuit in a primary line can cause trouble to the
transformer or the load. Wye-wye core type
transformers tend to overheat when a supply
line is open. Other bank connections do not
show trouble in themselves but motors fed
from the low voltage will overheat due to an
open primary. The 30° phase shift T con-
nection is partly self-protecting under this
condition. If the open circuit is on the lead
connected to either end of the main unit,
the whole load is lost and no overheating of
motors can occur. This is not true if the
other primary connected to the teaser wind-
ing is the one with the open circuit, but the
bank is not endangered It should be pointed
out that proper safety for this condition de-
pends on proper relaying.

—— -
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Standard Transformer
Connections

Single Phase Connections
Single Phase Three-Wire Secondary
(Series Connection)
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Low Voltoge

The most commonly used connection for
small distribution transformers is that where
a three-wire secondary is supplied at 120/-
240 volts. A similar connection may be used
for 240/480 volt transformers. The primary
may be supplied from a single-phase line,
two wires of a three-phase line or one line
wire and a neutral of a three-phase line.

The 120-volt loads should preferably be
balanced in order that both halves of the
low-voltage winding will be equally loaded.
It would not be desirable with this connec-
tion to draw more than 50 percent of the
transformer rated load from either half of the
low-voltage winding, as by so doing that
half of the winding would be overloaded.

Although most of the following diagrams
show two-wire (per phase) secondary sys-=
tems, many of these connections can be used
to supply a single-phase three-wire systeém
by using the mid-point of the_secondary
winding. In many of the following diagrams
it is also possible to supply combined two
or three-phase and single,phase (2 or 3
wire} loads. In such caseglit may be desirable
to use unequal kvayratings#or the different
transformers in orderjthatialiftransformers
carry the same percentage,of rated load.

Single Phase Parallel Operation of Two
Single Phase Units
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Low Voltage

The parallel operation of transformers having
the same high-voltage and Slowavoltage
ratings is often utilized4n these cases when
it is necessary to increase, the™otal bank
capacity and a singlefunit“of the correct
capacity is not available.

Economically it is “‘not efficient to operate
two transformersgin, parallel where a single
unit could be used,/as)by so doing the losses
of two units in’parallel will be greater than
the losses of a ‘single unit of the same
equivalent capacity.

When theéfratio of reactance to resistance is
aboutithe 'same for both transformers the
maximumpsafe bank capacity may be ob-
tainedlas the smaller of the two values ob-
tained from the following two formulae:

Bankw€apacity (based on not overloading
transformer no. 1)
_caztkc,
Z,

Bank capacity (based on not overloading
transformer no. 2)

— where C, and C, are name-

plate kva ratings and Z, and 2, are name-
plate percentage impedances for trans-
formers no. 1 and no. 2, respectively.
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Transforméer asyBooster
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Fig. F Fig. G
Nominal Trans- Percent Fig. KvaOutput®
Circuit  former Changeof No. in Terms of
Voltage Function Circuit Nameplate
Voltage Rating
120 Boost 10 A 10 times
Boost 20 B 5 times
Buck 10 C 10 times
Buck 20 D 5 times
240 Boost] 5 E 20 times
Boost 10 F 10 times
Buck 5 G 20 times
Buck 10 H 10 times

@ 1t actual voltage differs from nominal, multiply kva
output by ratio of actual voltage to nominal,
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Standard Transformer
Connections

Transformer as Booster, Cont’d

The purpose of a booster transformer is to
raise the voltage of the circuit from which
the transformer is excited. The primary wind-
ing is connected in multiple and the second-
ary winding in series with the line. By re-
versing the secondary winding its action can
be changed from boosting to bucking. In
this connection the low-voltage winding is
subjected to the overvoltages of the high-
voltage circuit. Transformers specially de-
signed for booster operation are insulated to
take care of these voltages. Caution should
be used, therefore, in applying standard two-
winding transformers as boosters. However,
if this connection is used on such trans-
formers with 1.2 kv class secondaries, it is
recommended that one end of the secondary
winding be grounded.

High Volloge

e

=

0

Law vollage

Consideration should also be given to the
reduction in effective transformer impedance
when connected as a booster. This may in-
volve the addition of series impedance to
limit short circuit currents to permissible
values.

60 Cycle Transformers on 25 Cycles

High Voltage

Low Yoitogé

When using a 60-cycle transformér on a
25-cycle circuit, a transformerdrated at
approximately double the voltage of the
circuit would be required to prevent mag-
netic saturation of the iron,core. The same
result can be aceomplished by connecting
two transformers\ef the same voltage in
series,

Two Phase Connections
Two Phase, Four Wire

Low Voltage

In this connection two phase, four‘wiredis
transformed to two phase, four wireof adif-
ferent voltage with no connection between
the two phases.

Two Phase, Four Wire to®Two Phase,
Three Wire

High Vgitage
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T

Low Veltage

The, two phases on the low-voltage side are
electrically tied together. The common third
wire is sometimes grounded. With balanced
load the current in the common wire is \Fz'
times that in the outside.

Two Phase, Three Wire Interconnected

|

. -
R Sl E;
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Low Valtage

In this connection the two _phases are elec-
trically tied together byythe common third
wire. This is permissible in geftain cases and
not in others. Thisgthirder common wire is
sometimes grounded.j3With balanced load,
the current in the gommon wire is /2 times
that in the outside ‘wires.

Three-Phase/ Connections
Three/Phase Delta-Delta

VANYAN

High Vollege

& & I S
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Low Voltoge

gt

In the delta-delta connection, a multiple
path is provided between any two lines, in
both primary and secondary, and so it ex-
hibits some properties of a parallel circuit.
The voltages are determined by the source
but the division of current among the phases
depends upon the internal characteristics
of the transformers. For a balanced load, the
division of current among the phases is
equal only when individual transformers have
equal impedances. Delta-delta connections
are very sensitive to off ratio conditions
because resultant voltage drives a circu-
lating current around the delta. It is evident
that transformers of identical voltage rating
should be used for delta-delta banks.

The dependence of current division between
phases upon the impedance values of indi-
vidual transformers gives a flexibility of
operation to the delta-delta bank, for con-
nection of different kva ratings in the delta
is possible, since a phase having the smaller
rating can be expected to have the higher
impedance and, thereby, takes a smaller
share of the load. By this property delta-
delta banks are operated when made up of
transformers having different ratings and,
in fact, with one phase entirely omitted as
in open delta.
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Three Phase, Open Delta
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Low Voltage

Three to three phase may be transformed by
the use of two similar transformers in open
delta. In this connection the units will trans-
form 86 percent of their rating, i.e., two 100
kva units in open delta transforming three
phase, 2300 volts to three phase 230-115
volts will have a bank capacity of 172 kva,

In the open delta connection it is not neces-
sary that the impedance characteristics be
the same, although it is preferable when it
becomes necessary to close the open delta
bank with a third unit.

The open delta connection is often used as a
temporary expedient pending a contem-
plated increase of load and offers a very
simple means of handling this matter. By
adding a third 100 kva unit in the @bove
mentioned example the resultant bank, ca-
pacity will beincreasedfrom 172 to 300 kva.

The regulation of an open delta bank is‘net
as good as a closed delta bank."The, drop
across the open delta is greaterfthan across
each of the separate transformers.

Three Phase, Star Three Wire—- High
Voltage; Delta Three Wire Low Voltage

A

High Velloge
e . S - ; -
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i 1 i ] I
' vvvrey A vy v AN vV vy
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Low Voitage

When three transformers,are operated with
their high voltage-windingsyin, star the in-
coming line voltage is'the {3 or 1.732 times
the transformer windingwoltage. This con-
nection is very populanand presents a very
convenientway of boosting the transmission
voltage Avithout purehasing additional trans-
formers.

Three), Phase, Star Four Wire — High
VoltagejDelta Three Wire Low Voltage

A

High Veoitage

7 y

Ngu‘rro‘\
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Low Yoltage

This connection permits three phase power
to be transmitted at the star voltage. At the
same time single-phase power may be taken
from the mains by connecting the transform-
er between the neutral and any of the three
phase wires. In this connection it is not
necessary that the impedance of the three
transformers be the same. The high-voltage
neutral is usually grounded.
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Miscellaneous

Three“Phase; Star Four Wire One Leg
Out - High, Voltage: Open Delta Three
Wire <kow Voltage

T >

High Vollage

Newral § B % o

" Low voilage

This is similar to a V connection. The primary
of each transformer is connected between
the neutral and one of the three- phase wires.
The secondaries are connected to the
secondary mains, the same as for the delta
connection, except that the third transformer
is not used. (The secondaries are in open
delta.) The two transformers will provide
86.6 percent of their combined rated
capacity.

Three Phase; Secondary Star Inter-

Connected

High Voltoge

Neutra) [

Low Voltage

The primary side of this group may be con-
nected either in star or in delta. Each half
of the secondary winding of each trans-
former has a voltage of 57.7 percent of the
interconnected star voltage. A bank of trans-
formers designed for connection in this man-
ner must have a capacity 7% percent greater
than the kva to be transformed. The purpose
of the interconnected star winding is to per-
mit the unbalanced d-c current from the
third wire of the three-wire circuit of a rotary
converter to get back into the alternating-
current system feeding the converter. Since
this d-c current divides into two equal parts
in each transformer and also these parts
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Three Phase: Secondary Star Inter-
Connected (Continued)

flow in opposite directions magnetically in
the two parts, the d-c current does not mag-
netize the core. If this current would flow in
one direction through the winding, the d-c
magnetic flux would add to the a-c flux and
perhaps saturate the core.

A star interconnected autotransformer can
be used to provide a stable ground for an
isolated three phase supply, the intercon-
nected winding being used with half-wave
rectifiers to prevent saturation of the mag-
netic circuit.

Three Phase:; Three or Four Wire Star-
Star with Autotransformers
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Low Voltage

In this connection the high and low-voltage
windings are electrically connected together,
and for this reason the low-voltage side and
connected apparatus will under fault con-
ditions be subjected to the voltage of the
high voltage circuit. The material in the auto-
transformer is less than that in a two-winding
transformer, transforming the same powef.
The saving in material is quite large when
there is but a small difference in the primary,
and secondary voltages, and the savifig be-
comes less and less as the difference between
the primary and secondary veltages, in~
creases.

Three Phase; Three Wire Open Delta

with Autotransformer
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Low Voltage

In this connection the high and low-voltage
windings are electrically connected together,
and for this reason the low-voltagedside;and
connected apparatus will under fault'condi-
tions be subjected to the voltage ofithe high-
voltage circuit. The material ingthejauto-
transformer is less than that in a two-winding
transformer, transforming the_same, power.
The saving in material is g@itedlargedwhen
there is but a small difference in thérprimary
and secondary voltageshand the saving be-
comes less and less as)the difference be-
tween the primafypand{secondary voltages
increases. This¢eonnection requires 17 per-
cent larger transformerdcapacity than the
star-star autotransformer connection.

Autotransformers “for Phase Trans-
formation; Three Phase to Two Phase
Four Wire Interconnected
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When a phase transformation is desired
without any considerable stepping up or
down of voltage, the autotransformer is the
most simple and cheapest arrangement. The
connection shown has the windings on the
two-phase side electrically connected to-
gether at their middle point.

Phase Transformation] Scott: Two
Phase Three Wire to/Thrée Phase Three
Wire or Scott; Three Phase Three Wire
or Two Phase ThreelWire
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Low Voltage

This is a phase transformation from three
phase to two phase, or from two phase to
three phase. Either the primary or secondary
side may be made three phase. The three
phase side must have special taps to make
this transformation. One unit must have an
86.6 percent tap, and the other unit a 50
percent tap. A three-wire circuit is used on
the two phase side. This is formed by merely
joining together two of the wires forming the
two phases. In this manner the two phases
are electrically connected together.

Dry-type transformers are ordinarily designed
so that the full rated capacity of the bank can
be utilized without exceeding normal tem-
perature rises.

If the transformers are to be used with motors
interconnected at mid-points, the connection
shown at the left cannot be used and four-
wire connection illustrated in figure 19 is
recommended.

Phase Transformation, Scott; Three
Phase Three Wire to Two Phase Four
Wire or Scott; Two Phase Four Wire
to Three Phase Three Wire
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Low Voitage

This connection is exactly the same as the
previous one except the two-phase side is
made four-wire. In this manner the two
2-phase circuits are electrically separated.
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Scott Transformation; Standard 10 to 1

Ratio Used

High Volloge

Low Volioge

If a Scott transformation is desired, and a
transformer having an 86.6 percent tap is
not available, a unit having a 10 percent tap
or two 5-percent taps may be used to give
approximate results. With this arrangement
the two-phase voltages will be unbaianced
by about 4 percent.

Phase Transformation; Fortesque
Connection

g
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High Valloge
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Low Voliage

This is a transformation from three phase to
two phase by the use of threetransformers,
one of which is standard [@andfthé other two
have special taps onithe low-voltage side.
One advantage of this“connection is that
both two and three phase‘current may be
delivered at the same time. The sum of the
power deliverediat two phase and at three
phase must be someéwhat less than the nor-
mal rating of the transformers, in order not
to overload the transformers.

Autotransformers for Phase Transfor-
mation; Three Phase to Two Phase,
Four Wire

High Voltoge

Low Vaoltoge

This connection is the ,same as the one
shown previously exceptithat the windings
on the two-phase side arejnot connected
together at their middle points, but the end
of one phase is connected, to the middle of
the other phase.

Autotransformers; Fhree Phase to
ThreefPhase, Three Wire

_ High Vottage

Low Voltoge

Where the voltage change from primary to
secondary is small, the use of an autotrans-
former for a voltage transformation is cheaper
than the use of two-winding transformers.
The primary and secondary windings are tied
together electrically, which may be an
objection in some cases.
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Phase Transfofmation; Three Phase to
Two Phase Using an Autotransformer

ALl

High Yol toge

Law Voitage 3 Phose 5 Wire
This shows how two phase voltages may be
taken from a delta bank by the simple appli-
cation of an autotransformer. The auto is
connected between the apex of the delta
and the mid-point of the opposite side. This
gives a 1 to 1 ratio which means that the
two phase and three phase voltages on the
low-voltage side are equal. The high-voltage
winding of the bank may be connected star
or delta. The two phase and three phase
loads may be taken off simultaneously. If no
load is drawn off at three phase, approxi-
mately 75 percent of the bank rating may be
taken off at two phase.

Phase Transformation Using Standard
Transformers of Different Voltage

E
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quh vallage Al60OValts 3 Phose 4 Wire

Low Voltage

This is a phase transformation from three
phase to two phase employing standard
transformers. Transformer No. 1 is rated
4160 volts to 240/120 volts, Transformer
No. 2 is rated 2400 to 240/120 volts. Each
transformer will have a rating equal to one-
half the two-phase load.
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Typical Performance Data
Values are measured at 100°C NEMA reference temperature except for 15, and 25 Kva
single phase and all three phase units which are measured at 135°C reference temperaturc

Kva Losses {Watts) % % Reguiation Efficiency Temp. | Sound Level

No Full lmp.  “15BF BOPE Full % % % Class | (BB)

Load  Load Load Load Load Load | Pe9-C | Ayg™ Max.

Single Phase
A 13 36 9.24 9.20 8.00 875 85.0 82.0 80.0 80 33 40
Y2 20 454 512 5.07 454 91.8 91.6 90.5 85.2 80 33 40
% 21 54 4.44 414 3.33 93.3 93.5 92.8 891 80 34 40
1 1 52 418 4.09 3.62 95.1 96.0 96.0 95.2 80 34 40
1% 171 74.4 3.7 3.83 3.6 94.3 95.1 95.5 94.5 80 35 40
2 20 84 3.42 3.18 3.30 96 96.4 96.5 95.4 80 35 40
3 31 104.4 3.0 25 2.96 96.6 96.9 96.75 95.5 80 36 40
5 29 139 2.31 2,22 2.20 97.3 97.6 97.75 97.2 80 36 40
7% 48 176 1.85 1.75 190 | 97.7 97.9 97.9 97.1 80 37 40
10 56 200 1.4 1.44 1.60 | 98 98.2 98.1 97.4 80 37 45
15 72 329 1.85 1.7 1.80 97.8 98.1 98.15 97.6 115 40 45
25 1445 437 1.65 118 1.63 98.4 98.4 98.3 975 115 40 45
Three Phase

3 44 162 5.8 4.0 5.7 94.9 95.4 95.3 936 | 115 36 40
6 82 252 33 2.85 3.25 96.0 96.25 96 942 | 115 36 40
9 84 290 2.96 2.28 2.83 96.9 9715 971 95.95 . 115 36 40
15 106 450 2.8 23 2.8 97.10 974 97.5 96.6 115, 38 45
20 166 455 2.75 1.5 250 97.8 97.85 97.7 96.5 115 38 45
30 229 681 214 151 212 97.8 979 97.8 96.7 ;115 40 45

Single Phase, Typge EP Instaflation

Westinghouse Electric Corporation
Specialty Transformer Division; Greenville, Pa.
Printed in USA

Further Information
Prices: PL 46-820
Description: DB 46-850

Three Phase, Type EPT Installation





