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. The Electrical Industry Committeet under whose supervision
this Specification was prepared consists of representatives from
the following Government Departments and Scientific and

Industrial Organisations :—

*Admiralty.
Central Electricity Board.
Electricity Commissioners.
*General Post Office.
*Home Office.
*H.M. Office of Works.
*National Physical Laboratory.
*War Office.
*Association of Consulting Engi-
neers.
*British Electrical and Allied Manu-
facturers’ Association.
British Electrical and Allied In-
dustries Research Association.
Cable Makers’ Association.
Electrical Contractors’ Association
(Incorporated).

Electric Lamp Manufacturers’
Association.

*Incorporated Association of Elec-
tric Power Companies.

*Incorporated Municipal Electrical
Association.

*Institution of Electrical Engi-
neers.

*London Electricity Supply Asso-
ciation.

Municipal Tramways and Trans-
port Association.

Provincial Electric Supply Asso-
ciation.

*Railway Companies of
Britain.

Tramways, Light Railways and
Transport Association.

Great

The Government Departments and Scientific and Industrial

Organisations marked with an asterisk in the above list, together
with the following, were directly represented on the Committees
entrusted with the preparation of this Specification :—

Crown Agents for the Colonies.
High Commissioner for India.

This Specification, having been adopted by the Electrical
Industry Commitieet and endorsed by the Chairman of the
Engineering Divisional Council, was published under the authority
of the General Council as a British Standard on 20tk July, 1936.

NOTE.

In order to- keep abreast of progress in the  Industries
concerned, the British Standard Specifications are subjected to
periodical review.

Suggestions for improvements, addressed to the British
Standards Institution, 28, Victoria Street, London, S.W.1, will
be welcomed at all times. They will be recorded, and in due
course brought to the notice of the Committees charged with the
revision of the Specifications to which they refer.

T The Electrical Industry Committee is the British National Com-
mittee of the International Electrotechnical Commission. Documents
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NoTe.—The Institution desives to call attention to the fact that this
Specification is intended to include the technical provisions necessary for the
supply of the material hevein veferved to, but does not purport to include all
the necessary provisions of a contract.

BRITISH STANDARD 5 !

SPECIFICATION f
ELECTRICAL PERFORMANGE OF

TRANSFORMERS FOR POWER AND LIGHTING.

(REVISED JULY, 19836.) 10

SECTION 1.
SCOPE OF SPECIFICATION.

Scope.

1. The standard basis of rating in this Specification is the
Continuous Maximum Rating. 15

The Specification applies to single-phase and polyphase
transformers (including auto-transformers) for power and lighting
having windings insulated with Class A and/or Class B materials,
as defined in Appendix A, the transformers being rated at 1 kVA
or over if single-phase, and 5 kVA or over if polyphase. 20

Reactors, earthing transformers and buried transformers, if
continuously rated, should comply with this Specification where
applicable. If they are not continuously rated the standard tem-
perature-rises do not apply, but in all other respects the apparatus
should comply with the Specification. In the case of buried 25
transformers, the standard temperature limits for continuous rating
apply only in respect of the rating of such transformers when
operating in free air above ground, under which conditions the
rated kVA would be higher than when buried, depending on the
nature and heat conductivity of the soil or surrounding material. 30

This Specification does not apply to constant-current power
and lighting transformers ; instrument transformers (see British
Standard Specification No. 81); traction transformers mounted
on electric locomotives or other vehicles and used for supplying
electrical energy for traction ; testing transformers; auto-trans- 35
former starters or induction regulators. 109

It is not intended to apply to transformers for ﬁécury-atc
rectifiers or for rotary convertors, for which separate B.S.
Specifications are being considered.

Documents
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Mining type transformers are covered by this Specification in i
so far as it applies, and additional requirements for such trans- ;
formers are given in B.S. Specification No. 355. “

The service conditions for which transformers to this Speci-
fication are suitable, and the sustained overloads permitted, are 5
set out in Appendix B. ‘

SECTION 2.

DEFINITIONS.
Note.—For certain special Definitions, see Appendix J.
Definitions. 10

2. () Zransformer.—A piece of apparatus without conti-
nuously moving parts, which, by electromagnetic induction,
transforms alternating or intermittent electric voltage and current
in one winding into alternating or intermittent electric voltage and
current in one or more other windings, usually at different values 15
of voltage and current.

(1) Pole-mounted Transformer—A transformer designed to
be mounted on a pole by hanger irons suspending it from a
cross-arm.

(iti) Platform-mounted Transformer.—A transformer designed 20 ‘
to be mounted on a platform, usually fixed to a pole or poles.

(iv) Fully-insulated Winding—A winding in which the
insulation to earth at all points will withstand the full applied
high-voltage test between the windings and earth, and is therefore
designed suitably for operating on a system in which neither the 25
neutral nor any other point of the system is necessarily earthed.

(v) Graded-insulated Winding.—A winding in which the
insulation to earth is graduated from the full amount at the line
end to a smaller amount at the neutral end in order to take
advantage of the fact that the neutral or other point of the winding 39
is connected to the core and tank, if any, and directly earthed.

(vi) Reference Ambient Temperature—(As used in the speci-
fication of performance of electrical apparatus.) The Reference
Ambient Temperature to which the assigned rating of a transformer *
is referred is a conventional reference temperature of available 35
cooling medium such as air or water. For air it is stated
fundamentally as a maximum peak limit, and is considered in
conjunction with a maximum value of the average temperature
over 24-hour periods (see Clause 50).

(vil) Rating.—A statement of operating limitations assigned 40
to the transformer by the Manufacturer.

The operating limit together with its associated conditions,
which jointly constitute the Razzzg, will be marked on the rating-

plate (See Clause 46.) Documents
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G

(viil) Continuous Maximum Rating—(C.M.R.) defines a
steady load in kVA (¢.c., the rated load) which can be carried
continuously under the conditions given in Clause 1o.

(ix) Short-time Rating—Defines a load which can be
carried for a specified time with the transformer starting ‘“ cold ” 5
under the conditions given in Clauses 11 and 53.

(x) VPoltage and Current.—Except where specifically stated to
the contrary, these terms refer to R.M.S. values.

(xi) Rated Frequency.—The frequency for which the trans-
former is designed to operate under the conditions of this Specifica- 10
tion and as marked on the rating-plate.

(xii) Service Voltage—That voltage, for each winding,
specified by the Purchaser as being the voltage at no-load between
the lines of the circuit on which the transformer is to operate.

Note.—The Service Voltage need not necessarily be any one of the 15
rated voltages in the case of a bank of single-phase transformers.

The service voltages for systems of various numbers of phases
are as follows :—

For a single-phase system, the voltage between the two
principal conductors. (See British Standard Specification g
No. 77, Clause 2.)

For a two-phase system, the voltage between the
conductors of one phase.

For a three-phase system, the voltage between any two
of the principal conductors. 25

For a four-phase system, the diametrical voltage.
For a six-phase system the diametrical voltage.

(xiil) Rated Voltage—(a) For a winding or group of windings
without lappings spanning a pair of terminals. A value assigned
by the Manufacturer to the no-load voltage between those terminals 30
corresponding to the service voltage between the lines.

(8) For atapped winding or group of tapped windings spanning
a pair of terminals. A value assigned by the Manufacturer to any
one of the no-load voltages between such terminals obtainable from
or applicable to the winding or group of windings in the manner 35
specified by the Manufacturer. Thus, a tapped winding or group
has more than one rated voltage.

(xiv) Rated Current—(i.c., the current flowing through the
external terminals). That current which, when multiplied by the
voltage marked on the rating-plate for the particular line teriDioguments

Document Sharing Hub

document details: BS 171:1936



http://www.avadocuments.com/doc/bs-171-1936
http://www.avadocuments.com/doc/bs-171-1936

Section 2. No. 171—1936,

« 12 )

under consideration, gives (when multiplied by the appropriate
factor) the rated kVA corresponding to those terminals. The
appropriate phase factors are given in Table 1.

TABLE 1.—MULTIPLYING FACTORS FOR CALCULATION OF RATED
CURRENT.

Phasing of Transformer or Group of Single-

phase Transformers. Multiplying Factor.

e

Single-phase 5 o ot - I
2-phase 2
3-phase or group of three smgle phase 173 10

3

6-phase

(xv) Voltage Ratio relates to the terminals and not necessarily
the phase winding, and relates to no-load conditions; it is the
ratio of the voltage between the terminals spanned by the higher-
voltage winding to that between the terminals spanned by the 15
lower-voltage winding. A tapped transformer has more than one 1
value of the voltage ratio.

(xvi) Zurns Ratio relates to the phase windings and not
necessanly to the group of windings spannmg a pair of terminals ;
it is the ratio of the number of turns in the phase w1nd1ng 20
associated with the higher-voltage winding to the corresponding
number associated with the lower-voltage winding. Thus the
turns ratio can be less than unity, while the voltage ratio is greater
than unity. A tapped transformer has more than one value of its
turns ratio. 25

(xvii) Higher-voltage Winding and Lower-voltage Winding —
Terms used to distinguish the winding or group of w1nd1ngs
associated with the higher service voltage from that associated with
the lower service voltage.

(xviil) Primary Winding and Secondary Winding.—Terms 30
used to distinguish the windings in regard to energy flow, the
primary being that which receives the input energy from the supply
circuit and the secondary that which receives the energy by electro-
magnetic induction from the primary, and delivers it as output
energy to the load circuit A transformer may have two or more 35
separate sections of its secondary winding for the exclusive purpose

of supplying energy to two or more circuits, 7z.e., other thﬁ‘b&ﬁments

the purposes defined for a tertiary winding in (xix).
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(xix) Zertiary Winding.—A delta-connected auxiliary winding
used particularly in star-connected transformers whether three-
phase or three single-phase, for any or all of the following purposes,
amongst others :—

(@) To protect the transformer and the system from 5
excessive third-harmonic voltages.

(6) To prevent interference to communication circuits
due to third-harmonic currents in the lines and earth.

(¢) To stabilise the neutral point of the fundamental
frequency voltages. 10

(@) To supply a load, in addition to any of the above
purposes.

(xx) Phase Winding.—Used as defined in Clause 74 (¢).

(xxi) Percentage  Resistance Voltage*—The  resistance
voltage at rated load and at 75° C. in phase with the secondary 15
- current, expressed as a percentage of the rated secondary voltage.

(xxil) Percentage  Reactance Voltage*—The  reactance
voltage at rated load in quadrature with the secondary current
expressed as a percentage of the rated secondary voltage.

(xxiii) Percentage Impedance Voltage*—The vector sum 20
of the percentage resistance voltage and of the percentage
reactance voltage.

(xxiv) Inherent Regulation at any power factor. The difference
between the no-load secondary voltage and the secondary voltage
at rated load and at 75° C. (with constant primary voltage). The 25
regulation is expressed as a percentage of the no-load secondary
voltage.

(xxv) Full Ouiput Tapping —A tapping from a transformer
winding on which the transformer may be operated at the rated
kVA output of the transformer without exceeding the specified 30
temperature-rise.

e R R

* The values of the resistance voltage, the reactance voltage and
the impedance voltage are the sum of the respective primary and
secondary components reduced to the same terms. They are usually
expressed as percentages of the secondary terminal voltage. 35

The resistance voltage causes a drop in secondary terminal voltage,

and the reactance voltage causes a drop when the load current is lageine
and a rise when it is leading sufficiently. ﬁ%‘é?uments
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(xxvi) Reduced Output T apping.—A tapping from a trans- ﬁ
former winding on which the transformer may be operated only at
the reduced kVA output of the transformer if the specified
temperature-rise is not to be exceeded.

(xxvil) Plus Tapping (on a winding). A tapping whichis so 5
located in the winding concerned as to introduce more turns into the
active part of that winding than correspond to the service voltage
ratio. 1

(xxvill) Minus Tapping (on a winding). A tapping which is
<o located in the winding concerned as to introduce less turns into 10
the active part of that winding than correspond to the service
voltage ratio.

(xxix) Overload —The amount of the excess when the
transformer is supplying a load which exceeds the rated load ; itis
usually expressed as a percentage of the rated load. 15

(xxx) Swustained QOverload —An overload sustained for a
period sufficiently long to affect appreciably the temperature of
the transformer. (See Clause 53.) = ‘

(xxxi) Momentary Overload.—An overload the duration of
which is so short as not to affect appreciably the general temperature 20
of the transformer.

(xxxii) Type Transformer—A transformer which is represen-
tative of others identical in rating and construction.

(xxxiii) Rowtine Tests—Tests carried out on each individual
transformer (see Clause 17). 25

(xxxiv) Zype Tests—Tests made on a type transformer in
order to demonstrate that it complies with this Specification, full
particulars of which tests and of the type transformer being
available for inspection (see Clause 18).

Documents
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3. The following Tables show the classification of trans-
formers as regards methods of cooling, and the abbreviations 5

employed.

s
SECTION 3,

TYPES OF COOLING.

Types of Cooling.

Section 3.

TABLE 2.—-CLASSIFICATION OF METHODS OF COOLING.

TABLE 2A.—SIMPLE COOLING.

N

Method of Abbrevia-
Ceoolc';ng(.} Type. tif)?n‘.”a 10
Air natural cooling 7 AN
Natural Oil-immersed natural cooling ON
Cooling. Oil-immersed forced-oil-circulation with
natural cooling ... OFN
Artificial Oil-immersed forced-oil-circulation with 15
Cooling air-blast cooling OFB
(Air). Oil-immersed air-blast cooling ... OB
Air-blast cooling ... 5 AB
Artificial Oil-immersed water cooling ... ow
Cooling Oil-immersed forced-oil-circulation with 20
(Water). water cooling ... OFW
TABLE 2B.—MIXED COOLING.
|
Method of Abbrevia-
Ceool?ng? Type. “ tif)?x‘.’m
(Oil-immersed natural cooling with alter- ‘ 25
native additional air-blast cooling ON/OB
Mixed Oil-immersed natural cooling with alter-
natural native additional forced-oil-circulation ON/OI'N
and
artificial < Oil-immersed natural cooling with alter- 1
cooling. native additional forced-oil-circulation 30
with air-blast cooling s % ON/OFB
Oil-immersed natural cooling with alter- ’
native additional forced-oil-circulation
L with water cooling -l eN /OFBV
.. Doguments
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Section 4.

¢ 16 )

SECTION 4.

PHASES.

Standard Sizes.

IN kVA.

No. 171—1936

STANDARD SIZES, VOLTAGES, TAPPINGS, FREQUENCY AND

4. The standard sizes (continuous maximum ratings in kVA) 5
shall be as given in Table 3.

TABLE 3.—STANDARD SIZES—CONTINUOUS MAXIMUM RATINGS

Single-phase.

500

667
833
1000

1333
1667
2500

3 333
5000
6 667

8333
10000
15000

20 000
25 000

Three-phase.

5
q:5
10

15
20
25

30
40
50

75
100
150

200
250
300

400
500
750

1000
1500
2000

2500
3000
4 000

5000
7 500
10000

15000
20 000
25 000

30 000
45 000
60 000

75 QPO

Docum

10

15

20

25

30

35.

40

ents
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No. 171—19386. Section 5.

@i

Standard Yoltages.
5. The standard voltages for transformers having one or more ,
service voltages shall be in accordance with Table 4. !

TABLE 4.—STANDARD VOLTAGES.

Voltage. ‘ Voltage. 5
230 V. \ 44 KV,
400 ., 1 55,
660 ,, ; 66 .,
S5 kVi 88
6:06: v 0SS 10
JALE | 132,
R ‘ 165 .,
B35 s ‘ 220 5

Frequency.
6. The standard frequency, for the purpose of this Specifi- 15
cation, shall be 50 cycles per second.
Number of Phases.
7. The standard system shall be single-phase or three-phase.

Standard Adjusting Tappings.

8. Adjusting tappings, if required for changing with the 20
transformer off circuit,* shall be such as to provide for a voltage
adjustment of plus and minus 214 per cent and 5 per cent of the
service voltage.

Transformers for Non-standard Sizes, Yoltages, Frequencies

and Phases. 25

9. Transformers of sizes or for use on systems employing
voltages, frequencies or phases other than the standard, but which
comply in all other respects with the requirements of this Speci-
fication, shall have the status of standard transformers, and the
size, voltage, frequency and number of phases for which they are 30
designed shall be stated on the rating-plate.

SECTION 5.
CLASSES OF RATING.
Continuous Maximum Rating.

10. The Continuous Maximum Rating, which is the basis of 35
this Specification, is a statement of the operating limitations
assigned to the transformer by the Manufacturer, defining the
maximum load at which it may be operated for an unlimited period
under the conditions specified on the rating-plate and at an
ambient temperature not exceeding the standard reference ambient 40
temperature (see Clause 50).

This is expressed as the kVA output on non-inductive load
when the transformer is carrying its rated current on the output side

* The values for adjusting tappings for changing on-load Documents
yet standardised. Documenttharing Hub

ull document details: BS 171:1936



http://www.avadocuments.com/doc/bs-171-1936
http://www.avadocuments.com/doc/bs-171-1936

Section 6. No. 171—1936.

joad g

and has rated voltage applied on the input side, the primary and
secondary lines being connected to the respective tappings cor-
responding to the normal rated primary and secondary voltages,
and the voltage of the supply being at rated frequency and having
a wave-form approximately sinusoidal (Clause 20), the load being 5
of such a nature that the secondary current has substantially a
sine wave shape when the secondary voltage is sinusoidal.
Short-time Rating.

11. The Shori-time Rating is not recognised as a standard
rating basis for this Specification. 10

For operating purposes the output permissible in service for a
short period starting with the transformer ¢ cold ”’* is equal to
the rated load plus the appropriate overload permissible for that
period as given in the Tables in Appendix B.

SECTION 6. 15
TERTIARY WINDINGS.
Rating of Tertiary Windings.

12. A tertiary winding provided in a transformer shall be
capable of supplying its specified continuous maximum rated load
(if any) without exceeding the temperature-rise specified in Clause 14. 20

Any tertiary winding, whether specified and designed for
delivering current to an external circuit or not, shall be capable of
withstanding the current which flows in it under the most onerous
external fault conditions without exceeding the temperature limits
relating to the temperature-rise of transformer windings on short- 25
circuit set out in Clause 16.

NoTeE.—The minimum kVA capacity of a tertiary winding as
determined from the third-harmonic component of the transformer
magnetising current is only small, but it is necessary in practice to design
it for a kVA capacity much greater than this minimum in order that 30
it shall safely carry the current which would flow under the most onerous
fault conditions. This fault current is limited, among other things, by
the leakage reactance between the tertiary and the other two windings.

It is possible, by locating the coils of the tertiary windings at the
ends of the core limbs, to obtain a high reactance between it and the 35
other windings, and so make a small capacity tertiary winding under
fault conditions safe in operation, but such an arrangement may not be
very efficacious in providing the necessary third-harmonic component of
the magnetomotive force.

It is recommended that, to be effective, the tertiary winding be 40
distributed over the greater part of the length of the core limb, even
though. in order to ensure safety under fault conditions, this should
entail the winding being of a greater capacity than would be necessary
to carry the triple-frequency maguetising current.

* The tables in Appendix B give overloads for two conditions of 45
starting ‘‘ cold,” namely :—
(a) Starting with the transformer at a temperature equal to the
specified ambient air temperature.
(b) Starting with the transformer at the temperature conditions
which would be attained when operating with the fix
only (i.e., after continuous running on open circiit). ﬁﬁﬁﬁ%nts
Document Sharing Hub
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No. 171—1936. Section 7.

(Srgln)

SECTION 7.
LIMITS OF TEMPERATURE-RISE.
Classes of Insulating Material.
13. The limits of permissible temperature-rise laid down in
this Section apply to transformers having windings insulated with 5
Class A and/or Class B material as-defimed-imrrrppendiz=-. Ao &5&15‘(
For Class C material, the limits are higher than for Class B.

Limits of Temperature-rise Permissible.

14. The temperature-rise of any transformer, when tested at
the Continuous Maximum Rating (see Clause 10) and in accordance 10
with the requirements of this Specification, shall not exceed the
limits given in Table 5, the measurements being made in accordance
with Appendix C.

The temperature-rise limits specified for natural air cooling and
air-blast cooling, whether for dry or oil-immersed transformers, are 15
temperature-rises above the ambient air temperature, and for water
cooling are temperature-rises above the inlet water temperature.®

TABLE 5.—TEMPERATURE-RISE LIMITS OF TRANSFORMERS WITH
DIFFERENT TYPES OF COOLING.

(a) Windings.—Average temperature-rise as measured by increase | 20
in resistance of the winding connected between terminals.

oil Type Insulation.
Type. Circulation. Cooling. Le(l:ltxt)ers. ;(r":la.iss';< Clasg Bii
: Air natural AN & o
i = { Air-blast ... | AB }55 sl LI i
Natural, Air natural... ON
thermal Air-blast ... OB 60°C. —
head only Water oW
ol
immereed | Fotoed )| Airmaturd;oo o OEN | 65%C. | =
by external Air-blast ... | OFB 65:C 0 == 30
bumps. Water wos | OFW 10°C. l e

(b) Oil.—(For all oil-immersed types) temperature-rise (by thermo-
meter) —50°C.

(¢) Cores—(For all types) the temperature-rise when measured by
thermometer on the external surface of the core shall not | 35
exceed that permitted for the adjacent windings.

Nore.—In the case of ‘“mixed’ cooling, .., Types ON/OB,
ON/OFN, ON/OFB, and ON/OFW, the temperature-rise on the “ ON ”
rating is the same as for an “ ON” transformer, and on the OB,
OFN, OFB or OFW rating as for Type OB, OFN, OFB or OFW 40
respectively, in accordance with the values in the above Table.

*The standard reference ambient temperature for the purpose of this
Specification is 25°C. in the case of water, while for air it has a peaDgguments

of 40°C. and an average value of 35°C. over 24-hour periods.
Document Sharing Hub
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i

159 7)

It is recognised that the actual temperature-rise of a trans- ‘
former when tested in accordance with the provisions of this
Specification may not always have the precise value given in |
Table 5 for the class of transformer concerned, but that the actual
temperature-rise may be lower than that specified therein. For 5
the purpose of actual service, the continuous loading should not |
exceed that corresponding to the Continuous Maximum Rating |
irrespective of the actual temperature-rise obtained.

R

Temperature Correction for Altitude.

15. When a transformer intended for service at high altitudes 10
1s tested near sea level, the limits of temperature-rise as given in
Table 5 shall be reduced. For each 1 0oo feet of the total altitude

above sea level at which the transformer is intended to operate, this
reduction shall be as follows :—

Natural-cooled types a0 15 i
Air-blast %% ’

(The correction shall not apply for altitudes below 3 300 ft.)

b 2 S

For water-cooled types of transformer no correction shall be
made.

Momentary Load Limitations. 20
16. Skorz-Circuit  Current of  Transformers—All trans-
formers while in service shall be capable of withstanding short-

circuit without injury for the time-periods given in Table 6,
normal line voltage being maintained.

TABLE 6.—DURATION OF SHORT-CIRCUIT WITH REFERENCE TO 25
IMPEDANCE VOLTAGE.

Impedance Voltage. ‘ Duration of short-circuit in seconds.
S A W e i B |
4 (‘:A, 2
595 3
6 94 4 30
7% and above ! 5

In a multi-winding transformer the duration of short-circuit
for any winding is determined by the effective impedance of that
winding, taken in combination with the primary winding.

Transformers having an impedance less than 4 per cent shall 35
be capable of withstanding, under service conditions, 25 times
normal full-load current for two seconds.
Documents
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No. 171—19386. Section 7.

( 21 )

For the purpose of standardisation the calculated temperature f‘
of the copper under short-circuit conditions given above shall not !
exceed 250°C. assuming :—

(a) All heat stored in the copper.

(6) An initial temperature of 9o°C. when the cooling 5
medium is water.

(¢) An initial temperature of 105°C. when the cooling
medium is air.

The increase in temperature during short-circuit may be
computed by the following approximate formula :— 10

T—A[B 62oE] T
X 52T1+ B e

where
= Final temperature deg. cent.
T, = Initial temperature deg. cent. 15
T, = Absolute initial temperature = (T, + 234.5).
s = Time in seconds.

E = Ratio of eddy current to I2R loss at 75°C.
__ Watts per 1b. (at T,) 5

4 180 <
2
el AD. ~11
B _46<sq.in.) St
B =2T, 4+ As

The quantity A is to be evaluated for the winding in question 25
under short-circuit conditions.

Nores.—(a) Where service conditions are such that a short-circuit
or repeated short-circuits in quick succession may aggregate a total time
exceeding that given in Table 6, these conditions must be stated by the
Purchaser. 30

(6) Where transformers are to be directly connected to other apparatus
possessing inherent reactance, advantage shall be taken of this additional
reactance only if agreed between the Purchaser and Manufacturer.,

For the purpose of this rule, directly-connected apparatus shall be
considered to mean apparatus located only a few feet apart and connected 35
by cables or bare conductors so arranged that there will be practically
no possibility of a short-circuit occurring between them.

If additional resistance or reactance is provided external to the
transformer, the amount, based on kVA (such as the kVA of a generator,
etc.) should be stated. nBocUments
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Section 8.

(22 )

(¢) Voltage-regulators and auto-transformers, being series apparatus,
are liable to exceptionally severe short-circuits unless protected by
current-limiting means. Because of the cumulative detrimental effects
of successive severe short-circuits, it is practically impossible to determine

No. 171—1936.

by test the maximum safe short-circuit current that this class of apparatus 5
will withstand successfully. It is recommended, therefore, that current-
limiting reactors be installed where necessary, to limit the short-circuit
current to twenty times normal full-load current in the case of a regu-
lator and twenty-five times in the case of an auto-transformer.

(d) Earthing transformers shall be capable, while in service, of 10
withstanding, for a period of 6o seconds, a short-circuit from line to
earth on the system.

For the purpose of standardisation, 160°C. is set as the maximum
permissible ultimate temperature at the end of the 6o-second period based
on a calculation of the temperature, assuming that all of the heat is stored 15
in the copper and that the initial temperature of the copper is 75°C.

The increase of temperature during the short-circuit condition may
be computed by the formula given above.

If conditions should require that the time of short-circuit exceeds
60 seconds or if the transformer is to be used also for power purposes, the 20
case shall be considered as special.

SECTION 8.
PERFORMANCE AND TYPE TESTS.
Routine Tests. k

17. All transformers shall be subjected, at the Manufacturer’s 25
works, to the routine tests detailed below. If type tests (Clause 18),
or routine tests in the presence of the Purchaser or his Representative,
are required to be made at the Manufacturer’s works, this shall be
specified when inviting tenders.

Routine tests shall comprise the following tests :— 30

(2) Ratio (on all tappings) and polarity.

(6) No-load current at service voltage and normal
frequency.

(¢) Open-circuit losses at service voltage and normal
frequency. 35

(4) Load losses at rated current and normal frequency.

(e) Impedance voltage at rated current and normal
frequency on the tapping corresponding to the
service voltage.

(f) Resistances of windings, cold (at or near the test- 40
bed temperature).

(¢) Insulation resistance.

/) High-voltage tests.

e 5 Documents
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No. 171—1936. Sectlon 8.

{ 23.1)
Type Tests and Routine Tests.

18. Unless otherwise specified when inviting tenders, the
Purchaser, if so desired by the Manufacturer, shall accept as
evidence of the compliance of the transformers with this Specifica-
tion, type tests on a transformer identical in rating and all other 5
essential details with the one purchased, together with routine
tests on each individual transformer. These type tests shall consist
of a temperature-rise test and the tests detailed in Clause 17.

In the case in which a large number of similar transformers is
supplied to one order, type tests as above shall be made on one of 10
these transformers.

A certificate of routine tests shall also be furnished by the
Manufacturer and shall show that each of the transformers
purchased has been tested and has been found to be sound electri-
cally and mechanically and in working order in all particulars, that 15
it has been tested in accordance with Section ¢ (High-voltage
Tests) and that it complies with the terms of this Specification.

Certificates of all type tests, together with a record of any
alterations, whether essential or not, which have been made to the
design since the type test was carried out, shall be held available 20
by the Manufacturer for inspection. These certificates shall
include a statement of efficiency as provided for in Clauses 23—25.

Temperature Test.

19. The temperature test of a transformer shall be performed
in accordance with Appendix C and may be carried out at any 25
convenient air temperature not exceeding 35°C. or water tempera-
ture not exceeding 25°C. and, except in the case of non-oil-
immersed transformers, no correction shall be made in the observed
temperature-rise in those cases where the temperature of the
cooling air or water during the test is below these temperatures. 30

In the case of transformers of types AN and AB, the limits of
temperature-rise permitted by Section 7 shall be reduced by
o4 per cent for each 1°C. that the temperature of the air entering
the transformer during the test is below 35°C.

Note.—In cases where it is not practicable to test the transformer 35
with the full total losses corresponding to normal load, the following
methods of testing and correction shall be applied :—

(@) Where it is not practicable to supply both the iron and
copper losses separately, <.e., by exciting at normal voltage and
simultaneously circulating a current equal in value to the normal 40
rated current, but where it is nevertheless possible to test the trans-
former under short circuit with a current in excess of the normal
current and of such a value as to give a loss in the windings equal to
the total of the normal iron and copper losses, the following test shall
be carried out o ;

(i) The transformer shall be loaded by the short-circuit method

with full-load losses and the maximum temperature-rise of
the oil shall be measured and recorded. Documents
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Section 8. No. 171—1936.

(ii) The transformer shall immediately afterwards be operated
for a period of not less than half-an-hour at the rated current, |
and at the end of this time the temperature-rise in the |
windings shall be measured by increase in resistance, and ‘
also the maximum temperature-rise of the oil shall be 5
measured and recorded. (The period of half-an-hour is
considered sufficient for reaching the normal temperature
difference between windings and oil.)

The temperature-rise of the winding at rated load, for the purpose of

this Specification, shall be taken as equal to the sum of the temperature- 10

rise of the windings by resistance as determined under test (ii), and ]
the difference between the maximum oil temperature-rises at the end of

test (i) and at the end of test (ii).

(0) In cases where it is not practicable to carry out the tempera-
ture test at normal load, or with the total losses corresponding thereto, 15
that is, where the full normal losses cannot be sustained during the
test owing to limitations of the Manufacturer’s testing plant or any
other reason, but where it is nevertheless possible to measure the
load loss at normal current, the transformer shall be loaded with the
maximum load possible (either by the short-circuit method in the 20
case of a single transformer, or by back-to-back method, supplying
both iron and copper losses, in the case of two identical transformers),
and the temperature-rise at normal load computed from the test
figure by the following method :—
The correction for temperature-rise from the observed temperature- 25
rise at a loading other than normal, shall be made by the following
formulae :—

(x) For Oil-immersed Transformers :
Temperature-rise of oil at normal load above cooling air or water

Wa\ P 30
= (temp. rise of oil at load during test) X <W
it

Temperature-difference between windings and oil at normal load
LA\ 4

I

The temperature-rise by resistance is equal to the temperature-

rise of the oil above the cooling medium plus the temperature- .
difference between the windings and the oil.

= (temp. difference at load during test) X

(2) For Aiv-immersed Transformers : 40
Temperature-rise by resistance at normal load above cooling air

In\a
= (temp. rise by resistance at load during test) x <Tn >
t

Where W, =Total losses in watts at normal load, determined by 45

measurement.
Wi— 05, opanl ooy o alt loadiduning test.
I, =Current at normal load.
It — i ,,» load during test.
p =o-75 for types ON. 50

=10 for types OB, OFB, OW, OFW.
q =15 for types AN, ON, OB, OW.

=2'0 for types AB, OFN, OFB, OFW. Documents
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No. 171—1936. Section 8,

(2l )

Voltage Wave-form during Test.*
20. A transformer shall comply with the requirements of this
Specification when the voltage wave-form of the supply is
approximately sinusoidal.

Duration of Temperature Test. 5
21. The temperature test of a transformer rated in accordance
with this Specification shall be of such duration that sufficient
evidence is available to show that the temperature-rise would not
exceed the limits of this Specification if the test were prolonged
until a steady final temperature was reached. 10

Temperature Test for Transformer with more than One
Service Voltage.

22. When a transformer has more than one service-voltage
rating, the temperature test shall be carried out at that service-
voltage rating which it is agreed between the Purchaser and the 15
Manufacturer should produce the greatest temperature-rise, or
which the Purchaser selects.

Efficiency and Regulation.
23. If guarantees of efficiency and regulation are required at
any loads other than Continuous Maximum Rating at unity 20
power factor, the Purchaser shall state, at the time of enquiry, the
loads and their power factors to which the guarantees shall apply.

Declared Efficiency.

24. Unless there is agreement to the contrary, statements of
efficiency of transformers shall represent the efficiency as determined 25
by the “ Summation of Losses ” method, and for this purpose all
the losses as set out in Appendix D shall be taken into account.

Method of Ascertaining the Efficiency.

25. The efficiency of a transformer shall be taken to be the
ratio of the kilowatt output to the sum of the kilowatt output and 30
the losses as determined by Appendix D, the output being at unity
power factor unless otherwise stated.

Performance Guarantees and Tolerances.

26. A transformer shall be considered to have complied with
this Specification when the differences between the observed 35
results and the guaranteed figures are not greater than the tolerances
given in Clause 27.

Tolerances.

27. Characteristics which are subject to guarantees of electrical

performance are given in Table 7 in which the tolerances on the 40

* Where there is any difference of opinion in regard to iron loss and
where doubt exists as to the wave-form, the iron loss measuremen Ef ]ﬂm ents
be checked by means of an average voltmeter or other approvedinst: u#l 5
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=05y

stated values are defined. The object of these tolerances is to
allow for the effect of small and inevitable variations in the quality

of materials.
The guarantees for voltage ratio shall apply to all tappings.
The other guarantees shall apply to the service-voltage 5
tapping only.

TABLE 7.—TOLERANCES ON ELECTRICAL PERFORMANCE
GUARANTEED FIGURES.

Item. i Tolerance.

Voltage Ratio ‘ 0-5 per cent of the declared ratio, or a percentage | 10
I equal to 1/10th of the percentage impedance voltage
at rated load, whichever is the smaller.

Losses i 10 per cent of the individual guaranteed amounts.
Efficiency | In accordance with tolerance on losses.
Impedance | (@) For Tapping corvesponding to the service voltage :— | 15
Voltage. | 10 per cent of the guaranteed value.
| (b) For other Tappings (see Note 1) :—
\ 15 per cent of the guaranteed value.
Regulation ... ‘ In accordance with tolerance on impedance voltage
| and load losses. 20
Parallel " Transformers designed for parallel operation shall
Operation.* not be required to divide the load within closer

limits than to permit an individual variation from
the rated output of any transformer of the group
amounting to plus or minus 10 per cent of such | o5
rated output when the total load on the group is
equal to the sum of the rated outputs of all the
transformers so connected.

NoTE 1.—When guarantees of impedance voltage on tappings other
than those corresponding to the service voltage (within the standard | 39
range as given in Clause 8) are given, these guaranteed values shall not
differ from the guaranteed value on the service-voltage tapping by more
than + 5 per cent.

Note 2.—No-load current is not considered to be a subject for
guarantee and therefore no tolerance is given. 35

SECTION 9.
HIGH-VOLTAGE TESTS.

Note.—All the tests in this Section are based on the service voltage

as defined in Clause 2 (xii), and the test voltages are R.M.S. values.
High-voltage Tests. 40

28. The high-voltage tests shall be applied to all new trans-
formers in normal working condition with all their parts in place,
and unless otherwise agreed, the tests shall be carried out at the
Manufacturer’s works.

If the high-voltage tests are required to be made with the 45
transformers hot, they shall follow immediately after the temperature
test, if any. Alternatively, the transformers may be heated PipEliments

* See footnote to Appendix G. p. 6o. Document Sharing Hub
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Cea )

convenient method to the temperatures which correspond approxi-
mately to the steady temperature-rise at normal rating plus the
ambient temperature of the test room.

Applied and Induced High-voltage Tests. |

29. Two kinds of high-voltage tests are recognised for trans- 5
formers, namely :(—

(@) Applied High-voltage Tests (see Clause 42), in {
which an externally-produced voltage, of the specified ,
magnitude, is applied between the winding under test and the
remaining windings, frame and tank of the transformer all 10
connected to earth. This test is similar to that generally
adopted for other classes of electrical machinery, and it is
usually made by employing a separate single-phase, high-
voltage testing transformer, one terminal of which is connected
to the winding under test, while the other terminal is earthed. 15

(6) Induced High-voltage Tests (see Clause 43), in
which a voltage is applied across the terminals of one winding
y of the transformer sufficiently in excess of its rated voltage
to induce voltages of the specified test magnitudes in all
windings. This test is made by utilising an external source of 20
voltage usually having the same number of phases as has the
transformer under test. The induced high-voltage test
provides a graduated test of the insulation between separate
windings and the adjacent parts, and also a test of the inter-turn
and inter-coil insulation*. 25

The induced voltage test is applied to all transformers and has
the object :—
(i) in thejcase of transformers with graded insulation, of

achieving a test between high-voltage terminals and earth, and
also between turns and coils. 30

(ii) in the case of transformers with fully-insulated windings,
of testing between turns and coils, the test between terminals
and earth being achieved by an applied voltage test as under
Clause 35.

Conditions Pertaining to Transformers having Graded Insulation. 35

30. This Specification recognises as standard a transformer
having graded insulation for those cases only in which the neutral
or other point of the winding is solidly and permanently earthed,
that is, otherwise than through a current-limiting reactor or
resistor ; but the interposition of a low-impedance current trans- 40
former or transformers in the earthing connection shall not
constitute a disqualification.

* For the Proportioning and Testing of Transformer Inger-turn
Insulation, see B.S.S. No. 422. ocuments
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