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SECTION 760-400-310

1. GENERAL

1.01 This section contains guidelines to be used in

the selection and application of transformers
in the electrical distribution system of all telephone

company buildings. In addition, transformers shall
comply with all codes and standards.

1.02 Whenever this section is reissued, the rea-
son(s) for reissue will be given in this para-

graph.

1.03 The National Electrical Manufacturers Asso-
ciation (NEMA) and the Institute of Electrical

and Electronics Engineers (IEEE) classify trans-
formers as distribution and power types. A distribu-
tion transformer may have a rating between 3 and
500 kVA, inclusive. A power transformer is any
transformer with a rating above 500 kVA.

2. IMPORTANT CONSIDERATIONS .
+,~

2.01 Within tie broad categories of distribution
and potir transformers, the following char-

acteristics must be considered in the application:

● kJ7A rating
a

● Voltage

● VolCage e

● Frequency rating

● Connections

● Insulation

● Basic impulse level (BIL)

● N’oise

● Grounding

● Efficiency

A. KVA Rating

2.o2 Thv transformer kVA rating should satisfy
the immediate load demand and provide for

future growth (approximately 10 years). oversizing
should be avoided as this not only costs more, but also
~vastes ener~:.

B. Voltage

2.03 The voltage rating of a transformer is listed
with an input and output rating, eg, 4160 volts

input and 480 volts output. The standard distribution
ltage levels for Bell System application are:

lNPUT/OUTPUT I CURRENT RATING

480Y/277 30

208 Y/120 30

240/120 30-Not recommended

240/120 I 10
:fer to Section 76 O-4OO-11O* for details.

2.04 Normally, service entrance transformers have
voltages between 5 and 13 kf’. Distribution

transformers in telephone company buildings are
usually required only for a 480-volt distribution sys-
tem using a step-down transformer to provide 120
volts for receptacles; incandescent lighting; and mis-
cellaneous equipment such as printers, tape drives,
fractional horsepower motors, etc.

c. Voltage Taps

2.05 Voltage taps are necessary to compensate for
small changes in the primary supply to the

transformer or to vary the secondary voltage with
changes in load requirements.

2.06 To ensure rated secondary distribution volt-

age, most standard transformers rated 30
through 500 kVA are available with six voltage taps.

(a) Four taps, each of which corrects for a 2-1/2
percent below normal full capacity (BNFC)

supply voltage

(b) Ttvo taps, each of which corrects for 2-1/2 per-
cent above normal full capacity (ANFC) sup-

PIJ voltage.

Refer to Fig. 1 for a simplifieci diagram of the tap ad-
justments and to Table A for standard tap values.

D. Frequency Rating

2.07 The almost universal frequency of ac supply

systems in the United States is 6(} Hz (cycles

*( ’hrLk 71i(I I)iii+if,n:il ln{le\ for availallilit).
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1SS 1, SECTION 760-400-310

ABOVE NORMAL ( 504v ~~a

FULL CAPACITY

(ANFC) L 492V e ‘2

NORMAL TAP e “3 480V

[:

468V
“4

BELOW NORMAL 456V
H5

FULL CAPACITY 444V H6
(BNFC)

432V “7

Ha

L120V

xl

x2

2-1/2 PERCENT STEPS

Fig. l—Typical Vohage-Ad@sting Taps

TABLE A

TAP SELECTOR CHART

NOMINAL TRA~ INPUT
VOLTAGE RATING

PROPER
TAP 208 240 277 480 600

5’% 218 252 291 504 630

+2Y2% 213 246 284 492 615

Rated 208 240 277 480 600

-2%!% 203 234 270 468 585

-5% 198 228 263 456 570

-7%% 192 222 256 444 585

-10% 187 216 249 432 540

per second). Where other frequencies are used, care
must be taken to assure the suitability of the trans-
formers. Refer to Part 7 for special loads.

E. Connections

2.08 Connections for the 3-phase standard, 2-
winding transformers are preferably delta (A)

primary and wye (y) secondary. The “y” secondary

connection, specified with external neutral bushing,
provides a convenient neutral point for establishing

a system ground and a neutral point for phase-to-
neutral loading.

F. Insulation

2.09 The rating of the insulation used in a dry-type
transformer is related to the winding temper-

ature that the insulation is subjected to. Transform-
ers with windings designed to reach a high
temperature will require a higher-rated insulation.

2.10 Winding temperature can be broken down into
two components:

● Average rise above ambient

● Hot-spot rise above average rise.

2.11 Catalog references to temperatures relate to

the average rise above the ambient tempera-

ture. The standard values are 55°, 80°, 115°, and
150”C.

Note: This temperature rise applies only to
the windings (not to the core, outside surface, or
any other part of the the transfo~mer).

2.12 The values for insulation temperature ratings
include the sum of the ambient temperature

(40”C), the average rise above the ambient tempera-
ture (55°, 80°, 115°, or 150”C), a~the hot-spot rise
above average rise (10° or 30”C).

2.13 The NEMA and the American National Stan-
dards Institute (ANSI) standards now employ

numeric designations for both winding temperature

and insulation temperature ratings. The previous
designation system used alphabetic symbols for each.
Refer to Table B for a listing of old and new designa-
tions.

G. Basic Impulse Level (BIL)

2.14 The transformer winding BIL rating signifies
the design and tested capability of winding

insulation to withstand transient overvoltages (crest
values in kV) from lightning and other surges. Al-

though the BIL ratings of dry-type transformers are
relatively low (10 kV) compared to those of liquid-
filled transformers, they can be adequately protected

by surge arresters.

2.15 Surge protection shall be provided for all
transformers (service entrance and distribu-
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TABLE B

TRANSFORMER TEMPERATURE RATINGS (NOTE)

WINDING INSULATION

AVG HOT-

AMBIENT COIL SPOT HOTTEST OLD TEMP OLD

TEMP RISE RISE COIL TEMP DESIG RATING DESIG

40 55 10 105 A 105 A

40 80 30 150 B 150 F

40 115 30 185 F 185 H

40 150 30 220 H 220 c

Note: All temperatures are expressed in “C.

tion type), except where service is obtained from an
underground network. Refer to Section 760-400-520*
for lightning and surge protection procedures; to Sec-
tion 876-100-100 for electrical protection principles;
and to SD-81968-01 for specific application data.

H. Noise

2.16 Noise is inherent in any transformer. The
noise (vibrations) is caused by the steel core

laminations bein
Y

agnetized and demagnetized 120
times per second or a 60-Hz system. This noise is
transmitted as follows:

● Through the air, with accompanying reflec-
tion of sound waves

● By conduction throughout the structure.

Secondary noise is created when transformer vibra-
tions cause other objects such as housing covers, close
coupled switchboard sections, conduit, etc, to vibrate.

2.17 Transformer noise may be reduced by using
short lengths (less than 6 feet) of flexible

metal conduit (Greenfield) in the primar}- and sec-
ondary feeds and/or by specifying vibration dampen-
ers. Dampeners are provided to isolate the core and
coil from the mounting brackets inside the trans-
former as \vell as to provide isolation betm-een the

transformer housing and the building structure.

2.18 Airborne noise can be reduced by locating the
transformer as far as lmssible from, and not

“ (’heck 7(;(] l)i\ i<i~]n~il lII,lt\ fnr a\ail:il)ili[~ ,

parallel with, any walls, corners, or reflecting sur-
faces.

1. Grounding

2.19 The enclosures of all transformers must be

solidly grounded in accordance with National
Electric Code (NEC) Article 250 on enclosure ground-
ing. The transformer core is grounded to the enclo-

sure by the manufacturer; this connection should be
inspected periodically.

2.20 The transformer neutral on all 2-winding
transformers shall be solidly grounded. This

ground shall be installed in accordance with NEC

Article 250. If the transformer is part of a separately
derived system, it must be grounded to the nearest
effective building ground (eg, central office ground
bar). It is not necessary to ground this neutral to the
building service entrance ground. (See Fig. 2.)

2.21 When using an autotransformer, the midpoint
of the “y” connection shall not be grounded.

Since the neutral is continous in this application, the
autotransformer is not considered a separately cle-
ri~-ed source. (See Fig. 2.)

J. Efficiency

2.22 One of the most important considerations in
transformer selection is efficiency. What ap-

pear to be very small differences in efficienc}- can add
up to large differences in annual ener.gq- costs. In
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TRANSFORMER

w

LOAO
120/208v

1111 GROUNOING I I
REQUIREO BY NEC
(ARTICLE 250-26)
TO WATER PIPE, ETC

/&

AUTOTRANSFORMER

1) ~NO GROUNOING OF NEUTRAL LOAD
AT TRANSFORMER 120/208V

HI H2 H3 N
480/277V NEUTRAL CONNECTION REQUIRED

BY NEC (ARTICLE 210-9)

Pig. 2 —3-Phase Transformer Connections

many cases,a more efficient transformer can rejus-
tified.

2.23 Low-loss transformers are wound with larger
wire, thereby reducing the IzR losses. To ac-

commodate this larger wire, the transformer usually
requires a larger core and therefore has larger core
losses. Since the core losses are continuous through-
outthe yearand are not afunction of the load, the
transformer might actually use more energy on an
annual basis than a standard transformer. This
would be the case with alow load factor, ie, operation

at light load for many hours in the year.

2.24 For transformers usedwitha standby genera-
tor only, efficiency is of little importance.

2.25 Refer to Exhibit 1 for a formula and sample
calculation that can be used to estimate the

annual energy costs of transformer losses.

3. SERVICE ENTRANCE

3.01 Most of the transformers serving telephone
company buildings in this category are owned

by the electric utility company. Telephone company
ownership of the service entrance equipment usually

cannot be j ustified. The foremost advantage of utility
ownership is their obligation to replace promptly a
failed transformer. Another advantage is mainte-
nance by experienced utility company personnel.

3.02 Under certain conditions, the telephone com-
pany may choose to buy the service entrance

transformers. For outdoor use, or where a suitable
vault is available at no extra cost, oil-filled trans-
formers are usually the best choice. For indoor use,

dry-type transfor-mers or
transformers must be used.

4. AUTOTRANSFORMERS

nonflammable liquid

4.o1 When using a 480-volt distribution system, it
will be necessary to provide some power at the

208 Y/120-volt utilization level for receptacles, incan-
descent lighting, and other miscellaneous equipment.

If the 480-volt service is installed to take the place of
an inadequate 208-volt service, it may be necessary to
supply larger amounts of 208-volt power for existing
equipment. (See Part 6.) Computer equipment may

also require larger amounts of 208-volt power.
Autotransformers are the best choice for this appli-

cation.
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Fig. 3—Dual-Winding Transformer

154

277V

‘yAMP

Fig. 4—Autotransformer
.

4.02 When the primary and secondary circuits of a
transformer have part of a winding in com-

mon, the unit is called an autotransformer. See
Fig. 3 and 4.

4.o3 Essentially, all advantages of an autotrans-
former derive from the fact that the common

winding carries only the difference between the pri-
mary and secondary currents. As the transformation
ratio increases, the advantages of autotransformers

decrease. Beyond a 3-to-1 ratio, autotransformers are
seldom used.

4.o4 For 480- to 208-volt transformation, the auto-
transformer contains less copper and core

material. There is less current and less magnetic flux,

therefore less copper and core losses. There is less
noise since a smaller amount of material is vibrating.
Consequently, a more efficient and quieter transfor-

mation occurs. The autotransformer is smaller, light-
er, and costs less than its equivalent 2-winding

transformer. See Fig. 5, 6, and 7 for comparisons.

4.OS In an autotransformer, grounding require-

ments are simplified because the neutral is
continuous and therefore it is not considered a sepa-
rately derived source. (See Fig. 2.)

8

7

6

5

4

3

2

1

DUAL-WINDING
TRANSFORMER ,

A

AUTOTRANSFORMER

o 100 200 300
RATING - KVA

Fig. 5—Full-Load Loss Comparison

4.06 The supply source must have a neutral that is

connected to the transformer neutral. (See
Fig. 2.)

4.o7 Although autotransformers are not widely

used in buildings today, no valid reason has
been found for not using them for ordinary step-
down or step-up application in the 480 Y/277-volt and
208Y/120- volt ranges, provided they are properl~-
selected and installed. NTumerous installations inside
and outside tbe Bell System bear this out.

4.08 The impedance of an autotransformer is quite

a bit lower than that of a 2-winding trans-
former. Although this provides better voltage regula-
tion, it must be considered (because of higher short-
circuit values) when evaluating short circuits for
proper protective devices.

4.o9 Only 3-legged core construction should be

specified. This construction minimizes third
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Fig. 6—Weight Comparison
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Fig. 7—Sound Level Comparison

harmoniccurrents and is alsomoretolerant ofunbal-

anced phase loads. Three single phase units should
not be used to derive a 3-phase, 4-wire system.

4.10 Since the source and load share a common
winding, there is no isolation of the source

from the load. However, if the quality of the ac sup-
ply is a problem, it will rarely be corrected by a com-
mon 2-winding transformer. Other corrective
methods, which really place this consideration out-
side the question of a simple transformation device,
must be employed.

5. INSTALLATION

5.01 Transformers must be installed in locations
that provide a free flow of air for cooling pur-

poses. For installation of transformers in vaults,
refer to Section 760-550-151 for ventilation require-
ments and to Sections 760-630-200 and 760-630-400
for design and construction requirements.

5.02 Dry-type, ventilated transformers shall be
installed in accordance with NEC Article 450-

21.

6. TRANSFORMERS FOR TELEPHONE POWER PLANTS.

6.01 Power for telephone equipment should never
be supplied by only a single transformer. De-

spite the fact that transformers are unusually reli-
able devices, a single transformer poses a risk to
telephone service. In the event of a transformer fail-
ure, a method must be available to replace power be-
fore the batteries are discharged.

6.02 The methods to ensure continuous service at
reasonable cost depend upon the distribution

scheme. Some suggested methods are:

(a)

(b)

Charging equipment with two ac supplies, use
a separate transformer for each. (See Fig. 8.)

If the transfer switches have been left in the
old switchboard, the engine bus can be tied to

the engine bus in the new switchboard. (See Fig.
9.)

(c) If a separate transformer is provided for
building pov.’er, that transformer can be tied

to the telephone supply transformer. (See Fig. 10.)
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NEW480V SWITCHBOARD

T

)

OLD 20BV SWITCHBOARD

\t )(

) ( ) (

) <

/ ;
I

+’+
TELEPHONE

POWER

Fig. 8—Two AC Supplies With Separate Transformers

NEW480V SWITCHBOARD OLD 208V SWITCHBOARD

ENGINE

1 1

ENGINE

NORMAL NORMAL
I

))
I

))

1

+
TELEPHONE

POWER

Fig. 9—Transfer Switchesin Old Switchboard Tied to New Switchboard

NEW 480V SWITCHBOARD OLD 208V SWITCHBOARD

-

4!4
I NORMALLY ~ I

1 OPEN

4

BUILDING TELEPHONE
EQUIPMENT POWER

Fig. 10—Building Power Transformer Tied to Telephone Supply Transformer
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6.03 There are many variations for setting up a
temporary power supply; the essential point is

that at least a portion of the charging equipment
must be energized promptly and kept supplied while
the failed transformer is replaced.

6.04 In sizing a temporary circuit, it might be pos-
sible to allow for some battery discharge (ie,

not connecting all charging units to the temporary
circuit). Central office power engineers can assist in
sizing temporary circuits.

7. SPECIAL LOADS

7.01 The (kVA) rating of a transformer supplying

an uninterruptible power supply (UPS) may
be lower than its rating in other service. This is due
to the nonsinusoidal waveshape of the input current
to the UPS.

7.02 When specifying transformers for a UPS sup-
ply, the transformer manufacturer should be

requested to recommend the kVA capacity and to
guarantee that the capacity will meet requirements
for the proposed UPS. Information on the design and
operating characteristics of the proposed UPS sys-
tem must be furnished to the transformer manufac-
turer.

8. REFERENCES

8.01 This section was based on information from
the following references:

IEEE Recommended Practice for Electric Power Dis-
tribution for Industrial Plants, IEEE STD 141-1976
“Red Book”

1SS 1, SECTION 760-400-310

IEEE Recommended Practice for Electric Power Sys-
tems in Commercial Buildings, IEEE STD 241-1983
“Gray Book”

National
National

National
(NEMA)

Fire Protection Association (NFPA) 70
Electrical Code (NEC)

Electrical Manufacturers Association
Dry Type Transformers for General Appli-

cations, ST-20 (ANSI C89.2)

Section 76O-4OO-11O* – Building Electrical sys-
tems—Voltage

Section 760-400-520” –Lightning and Surge Protec-
tion

Section 760-550-151 –Ventilation of Transformer
Vaults, Heating Plants, Power
Rooms, Internal Combustion
Engine Rooms, and Gas Meter

Compartments

Section 760-630-200 –Firesafety—Fire - Resistance
Ratings of Structural Ele-
ments

Section 760-630-400 –Firesafety – Compartmen-
tation

Section 876-100-100–Principles of Electrical Pro-
tection–Engineering Consid-
erations

“Check 760 Divisional Index for availability.
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SECTION 760-400-310

The annual cost of transformer losses can be estimated by using the following formula:

Annual
Energy = R [8760 X L, + LW(H~ + Hp X P2)]
cost

Where:

R = Electric rate ($/KWH)

LC = Core loss (KW)

LW = Full load winding loss (KW)

H~ = Annual hours at full load

HP = Annual hours at partial load

P = Partial load (KVA) “

Transformer rating (KVA)

Assuming $0.05 per KWH for power with operation half the time at full load and half the time at half load, the
losses for a typical 300-KVA transformer would be as follows:

150”C INSULATION:

[

$0.05 8760 X 1.0 + 5.585 8760 + 8760 X 1 = $1966

(–
—-

224 ]

.

80”C INSULATION:

[

$0.05 8760 X 1.4 + 4.382 8760 + 8760 X 1 = $1813

(
——

22 7 )

AUTO:

[

$0.05 8760 X 0.96 + 4.12 8760 + 8760 X 1 = $1548

(–
——

224 ).

Exhibit 1 — Formula for Estimating Annual Energy Cost of Transformer Losses
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