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PD 3532
Amendment No. 1, published 16 November, 1959

to B.S. 171 : 1959
Power transformers

Corrigenda

Table of Contents. Amend the page numbers for Clause 1814 and onwards
by increasing each number by one.

Foreword. Complete the reference to the Code of Practice by adding
€1010° in the third line of the third paragraph. Delete * (in course of
preparation) ’.

Clause 804. Insulation test voltages. Correct the spelling of * insulation *
in the heading.

Clause 1601, Provision of fittings. In Table 19, against the item: ‘ Con-
servator with detachable end plate’, add * and 28 ° in the third column.

Clause 1813. Test of temperature rise. In the penultimate line of the fourth
paragraph, amend ‘effect” to read “affect’. In the third paragraph of
sub-clause j, amend ‘ be’, in the last line, to read ‘ by’.

Appendix H. Guide to selection of insulation level of oil-immersed trans-
formers. In 3, * System earthing *, amend * line-to-line ’, in the second line
of sub-clause b, to read *line-to-earth’, and in the penultimate line of
sub-clause d, amend * 81 per cent ’ to read ‘ 80 per cent ’.
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PD 3804
Amendment No. 2, published 2 June, 1960

to B.S. 171 : 1959

Power transformers

Corrigendum

Appendix G. Calculation of inherent regulation. Three-winding trans-
formers: 2j, Example.
Delete the last 15 lines and substitute the following:
W, under condition (i) where n, = 20, is 43 per cent.
W, under condition (ii) where n;, = 1:0, is 2-74 per cent.
W, under condition (iii) where n, = 298, is 7-15 per cent.
W, where n, = 2-0, is minus 0-005 per cent.
W, where n = 1-0, is 1-54 per cent.
Therefore the total transformer regulation is:
For condition (i)—with output winding W, fully loaded and W,
unloaded:
At terminals W, = 4:3 — 0-005 = 4-295 per cent.
At terminals W, = 43 4+ 0 = 4-3 per cent.
For condition (ii)—with output winding W, unloaded and W,
fully loaded:
At terminals W, = 274 -+ 0 = 2-74 per cent.
At terminals Wy = 274 + 1-54 = 4-28 per cent.
For condition (jii) —with both output windings W, and W, fully
oaded:
At terminals W, = 7-15 — 0-005 = 7-145 per cent.
At terminals W, = 7-15 + 1-54 = 8-69 per cent.
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PD 4108
Amendment No. 3, published 28 March, 1961
to B.S. 171 : 1959

Power transformers

Revision

Sub-clause 1813 g. Loading oil-immersed type transformers. Replace the
third paragraph by:

¢ In addition to the maximum temperature rise of the oil (4,), the
temperature rise of the oil at the inlet and outlet of the cooling equip-
ment shall be recorded and from these the effective average temperature
rise of the oil (k6, in Sub-clause % below) shall be deduced .

Replace the sixth paragraph by: :

‘ The input shall then be reduced to a value which results in the
circulation of rated ‘current in the windings, and this value shall be
maintained for one hour. The temperature of the windings shall then
be determined by the resistance method and the corresponding
effective average temperature of the oil shall be deduced. The difference
between these two temperatures, namely, the winding-temperature
differential (G, in Sub-clause i below), shall then be added to the
effective average temperature rise of the oil determined for loading
conditions with total losses corresponding to rated kVA, and the
resultant value shall be taken as the temperature rise of the windings
corresponding to rated kVA, ie. T, = k 6, + G..

Sub-clause 1813 4. Adjustment of measured values to rated conditions. In the
fifth line of the second paragraph, change * Rated cuflpgic (fmyentst
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Amendment No. 4, published 8 July, 1966
to B.S. 171 : 1959

Power transformers

Addendum

Clause 102. Definitions. Insert the following new definition after the
existing Definition 3: '
*3A. Sealed transformer. A transformer which is non-breathing, that
is, so sealed that there can be no physical or chemical interchange
between its contents and the external atmosphere.
Sealed transformers fall within two categories:

(D A transformer in which the total volume of oil, gas, air, or any
combination, remains constant over the temperature range.

(i) A transformer in which the total volume of oil, gas, air or any
combination, varies over the temperature range and this
variation is accommodated by a sealed flexible container.’
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PD 6261

Amendment No. 5, published 25 September, 1967
to BS 171 : 1959
Power transformers

Revision

Clause 1812, Impulse-voltage withstand test. Insert the following sentence
at the beginning of the clausc:

¢ The impulse-voltage withstand test on the higher-voltage winding shall
be made as described below. The test on the lower-voltage winding may be
made by any one of the three methods described in Appendix K, unless a
particular one of these is specified at the time of tender.’

Appendix A. Information required with enquiry and order, Clause 1. Rating
and general data. Subclause a. Two-winding fransformers. Add the following
to Item 11:

* See also Clause 1812 and Appendix K.’
New appendix. Add the following new appendix:

* APPENDIX K
IMPULSE-VOLTAGE TESTING OFLOWER-VOLTAGE WINDINGS

In accordance with Clause 1812, the impulse test on the lower-voltage
winding may be made by any one of the three methods described below,
unless a particular one of these is specified at the time of tender.

Because on the one hand the directly applied impulse test (Method 1)
may produce overstressing within the other winding(s) and on the other
hand the method of applying the impulse test between the lower-voltage
line terminals (connected together) and earth (Method 2) may produce
excessive stresses within the tested and other winding(s), the method of
testing by transferred surge (Method 3), which is more representative of
service conditions, may be used in appropriate cases.

Method 1. Normal directly applied impulse test. (As described in Clause
1812.)

Method 2. Directly applied impulse test with all hﬁﬁﬁﬁﬁiﬁﬂtﬁf
connected together. Where the charactsristics of
test are such that it is impracticable to LUtdin the rpgitethwaAYSHaEh dOFlub
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BISST71C 01959

THIS BRITISH STANDARD, having been approved by the
Electrical Industry Standards Committee and endorsed by
the Chairman of the Engineering Divisional Council, was
published under the authority of the General Council on
March 31st, 1959.

First published (as part of B.S. 72), July, 1915.
Revised, Sept. 1917.

First published as B.S. 171, July, 1927.

Revised, July, 1936. o

Second revision (with change of title), March, 1959.

The Institution desires to call attention to the fact that this
British Standard does not purport to include all the necessary
provisions of a contract.

A complete list of British Standards, numbering over 3000,
indexed and cross-indexed for reference, together with an
abstract of each standard, will be found in the Institution’s
Yearbook, price 13s.

This standard makes reference to the following British
Standards:

B.S. 148.  Insulating oil for transformers and switchgear.

B.S. 923. Impulse-voltage testing.

B.S. 2562. Cable sealing boxes for oil-immersed trans-
formers.

B.S. 2757. Classification of insulating materials for electrical
machinery and apparatus on the basis of thermal
stability in service.

CP 1009. Maintenance of insulating oils (with special
reference to transformers and switchgear).

CP 1010  Guide to loading of oil-immersed transformers
to B.S. 171.

British Standards are revised, when necessary, by the issue either
of amendment slips or of revised editions. It is important that
users of British Standards should ascertain that they are in
possession of the latest amendments or editions.

The following B.S.I. references relate to the work on this standard:
Committee reference ELE/51. Draft for comment CW{ELE} 8014,

gt!
tey
%

B.S. 171 :

CO-OPERATING ORGANIZATIONS

The Electrical Industry Standards Committee under whose
supervision this British Standard was prepared, consists of
representatives from the following Government departments
and scientific and industrial organizations:

*Admiralty
*Air Ministry
Associated Offices’ Technical Committee
#Association of Consulting Engineers (Incorporated)
Association of Supervising Electrical Engineers
British Electrical and Allied Industries Research Association
*British Electrical and Allied Manufacturers’ Association
British Electrical Development Association
*British Railways, The British Transport Commission
*Cable Makers’ Association
Crown Agents for Oversea Governments and Administrations
Electric Lamp Industry Council
Electric Light Fittings Association
Electrical Contractors’ Association (Incorporated)
*Electrical Contractors’ Association of Scotland
*Electricity Council, Generating Board and the Area Boards
in England and Wales
*Engineering Equipment Users’ Association
Independent Cable Makers’ Association
Institution of Electrical Engineers
Ministry of Labour and National Service (Factory Inspectorate)
Ministry of Power
Ministry of Supply
*Ministry of Works
Naticnal Inspection Council for Electrical Installation
Contracting
*National Physical Laboratory (D.5.L.R.)
#*0il Companies Materials Association
Post Office
Public Transport Association (Incorporated)
Radio Industry Council
*South of Scotland Electricity Board
*War Office

The Government departments and scientific and industrial
organizations marked with an asterisk in the above list,
together with the following, were directly represented on the
Committee entrusted with the preparation of the standard.

Engineer Surveyors’ Association

High Commission of India

London Transport Executive, The British Transport Commission
National Coal Board

Documents %

Document Sharing Hub

“Full document details: BS 171:1959


http://www.avadocuments.com/doc/bs-171-1959
http://www.avadocuments.com/doc/bs-171-1959

B.S. 171 : 1959

TABLE OF CONTENTS
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interpretation of the terms used in the remainder
of the standard (Section One).

The requirements which have to be met in
order to comply with the specification (Sections
Two to Seventeen).

The tests for proving compliance (Section
Eighteen).

Appendices giving supplementary information
for general guidance.
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BRITISH STANDARD FOR This standard refers principally to transformers for operation on single-phase

and symmetrical three-phase systems, but the requirements are generally

POWER TRANSFORMERS

FOREWORD

This British Standard, prepared under the authority of the Electrical Industry
Standards Committee, revises and supersedes the 1936 edition.

In order to take account of modern techniques, a number of significant
changes have been made. Additional classes of insulation are recognized for
dry-type transformers and temperature-rise limits appropriate to these classes
have been included. Impulse-voltage test levels, and the procedure for tests are
also included. Formulae for regulation calculations on three-winding trans-
formers and a clause covering the measurement of zero phase-sequence
impedance have been added.

Information relating to permissible transformer overloads included in the
previous edition has been omitted as a more comprehensive treatment of this
subject is covered in Code of Practice CP. .... ‘ Guide to loading of oil-
immersed transformers® (in course of preparation). Transformers rated in
accordance with this standard are capable of carrying without injury the loads
under the prescribed conditions given in the Code. Similarly, the previously
included Appendix on the Maintenance of Transformer Oil has also been
omitted as the information given is now covered in Code of Practice CP. 1009,
‘ Maintenance of insulation oils (with special reference to transformers and
switchgear) °.

With the publication of this revision, B.S. 422, ¢ Transformer inter-turn
insulation ’ is withdrawn.

During the preparation of this standard every effort has been made to
adopt the * Recommendations for power transformers * (Publication No. 76) of
the International Electrotechnical Commission. The principal difference between
this standard and the I.E.C. Recommendations lies in the value specified for the
limit of temperature rise for water-cooled oil-immersed transformers.

NOTE. Where metric equivalents have been given the figures in British units are to be
regarded as standard. The metric conversions are approximate. More accurate conversions
should be based on the tables in B.5. 350, * Conversion factors and tables .

applicable to transformers for other polyphase systems.
This standard does not apply to: '

Instrument transformers (B.S. 81).

Protective transformers (B.S. 2046).

Constant-current power and lighting transformers.

Testing transformers.

X-ray transformers (B.S. 326).

Motor-starting transformers (B.S. 587).

Induction regulators.

Transformers for low-voltage lighting (B.S. 794).

Transformers for use with electrically-operated toys (B.S. 831).

Bell transformers (B.S. 832).

Intrinsically-safe transformers (B.S. 1538).

Audio-frequency transformers (B.S. 1793).

Power transformers (aircraft) (G. 127).

The performance of power transformers (not exceeding 2 kVA rating) for
radio and allied electronic equipment (B.S. 2214).

Welding transformers (B.S. 638).

Isolating transformers for portable tools,

Requirements for mining-type transformers and transformers for mercury-
arc rectifier equipment are covered in so far as they are invoked by B.S. 355,
B.S. 1698 and B.S. 2538 respectively.*

Special transformers not covered by specific rules may be subject to this
standard in so far as its requirements are applicable.

DEFINITIONS
102. For the purpose of this standard the following definitions apply:

1. Transformer. A piece of apparatus, without moving parts, which, by
electromagnetic induction, transforms alternating or intermittent voltage and

current in one winding into alternating or intermittent voltage and current in
one or more other windings.

Documents

SPECIFICATION 2. Dry-type transformer. A transformer having the core and windings
SECTION ONE: GENERAL directly exposed to air or to a gas substantially at atmospheric pressure. e
S 3. Oil-immersed type transformer. A transformer having the core and |

101. This British Standard applies to power transformers, reactors and earthing
transformers having windings insulated with Class A, B, H and/for C materials,
rated at 1 kVA or over if single-phase, and at 2 kVA or over if polyphase, and
without limitation to voltage rating.

*

wjndings immersed in either a natural mineral oil or a synthetic insulating liquid.

* B.S. 355, * Mining-type transformers *,
B.5. 1698, * Mercury-arc rectifier equipments *,

B.5. 2538, * Air-cooled flameproof single-phase lighting transformer units'suppliecl from
high-voltage systems ’.
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Clause 102 (continued).
4. Higher-voltage winding and lo wer-voltage winding. Terms used in reference

to two-winding transformers to distinguish the winding or group of windings
associated with the higher operating voltage from that associated with the
lower operating voltage.
NOTE. For multi-winding transformers, see Section Six.

5. Primary winding(s). That winding or windings which receives the energy
from the supply circuit(s).

6. Secondary winding(s). That winding or windings which receives energy
from the primary winding(s) by electromagnetic induction and delivers it as
output energy to the load circuit.

7. Stabilizing winding. A delta-connected winding used on star-star .

connected transformers, or auto-transformers, for any or for all of the following
purposes:

a. To facilitate the flow of zero phase-sequence currents,

b. To reduce the third-harmonic voltages in the transformer windings and

in the system.
¢. To reduce interference with communication circuits due to third-harmonic

currents in the lines and earth.
d. To stabilize the neutral point of the fundamental frequency voltages.

8. Insulation level. The test voltage for which a transformer is designed.

NOTE. For non-impulse tested transformers the insulation level is designated by the value
of the separate source power frequency test voltage and for impulse-tested transformers by
the value of the full-wave impulse test voltage.

9. Uniformly-insulated winding. A winding in which the insulation to earth
will at all points withstand the separate-source test voltage appropriate to the
line end.

10. Graded-insulated winding. A winding in which the insulation to earth is
graded from the amount at the line end to a smaller amount at the neutral end
and which therefore will withstand a separate-source test voltage corresponding
only to the insulation level at the neutral end.

11. Principal tapping. The tapping which corresponds to the rated voltage of
the winding.

12. Plus tapping. A tapping so located as to introduce into the active part
of the winding concerned a greater number of turns than those corresponding
to the principal tapping.

13. Minus tapping. A tapping so located as to introduce into the active part
of the winding concerned fewer turns than those corresponding to the principal
tapping.

14. Terminal. That part of a transformer intended to receive external
connections.

Y
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B.S. 171 : 19

]

Clause 102 (continued). E
I5. Sub-terminal. A connecting point, other than a permanently joined andl)
insulated connection, within the casing or tank, for the purpose of cffecting=
connection to a terminal, or to an inter-connector between windings or tappings=5
or to a tapping switch or any other ancillary apparatus.

ocC
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16. Turns ratio. The ratio of the number of turns associated with Onb
winding to the number of turns associated with another winding.

I7. Voltage ratio. The ratio of the voltage between line terminals of one
winding to the voltage between line terminals of another winding.

18. Phase displacement. The angular difference between the vectors
representing the voltages induced between the higher-voltage and lower-voltage
terminals having the same marking /eter and the corresponding neutral points
(real or imaginary), expressed with reference to the higher-voltage side.

I9. Rating. The whole of the electrical quantities assigned by the manu-
facturer to define operation under specified conditions.

20. Rated primary voltage(s). The terminal voltage(s) applicable under
normal operating conditions to the full primary winding(s) if there are no
tappings, or to the principal tapping on a tapped primary winding. It is the
voltage(s) specified by the purchaser. ¢

21. Rated secondary voltage(s). The voltage(s) developed between the output
terminals at no-load by the full secondary winding(s) if there are no tappings,
or, in a tapped winding, by that part of the winding up to the principal tapping
when rated primary voltage is applied. It is the voltage(s) specified by the
purchaser.

22. Rated current. The current, marked on the rating plate, derived from
the rated kVA and the rated voltage.

23. Rated kVA. The product of the rated voltage in kilovolts, the rated
current in amperes and the appropriate phase factor.

24. Rated frequency. The frequency at which the transformer is designed to
operate.

25. Service conditions. Factors outside the control of the manufacturer
which may affect operation.

26. Cooling-medium temperature. The temperature of the cooling medium
(e.g. air or water) above which the temperature rise is measured.

27. Thermal time constant. The time which would be required for a trans-
former to reach a temperature rise equal to that which would be attained under
steady-state specified loading conditions in a cooling medium of constant
temperature, if the initial rate of temperature rise (when no heat was being
dissipated) were maintained. ' '

11
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Clause 102 (continued).
28. System nominal voltage. The voltage by which a system is designated.

NOTE. The system nominal voltage is not necessarily the same as the rated voltage of
apparatus.

29. System highest voltage. The highest r.m.s. voltage between lines which
occurs under normal operating conditions and at any time at any point in the
system. It excludes temporary voltage variations due to fault conditions or to
the sudden disconnection of large loads.

*30. Impedance voltage. That voltage which, applied to a winding of a
transformer when another winding is short-circuited, will cause rated current to
flow in the winding to which the voltage is applied.

NOTE. The impedance voltage is the vector sum of the resistance voltage and the reactance
voltage. The values for resistance, reactance and impedance voltages apply only to the pair
of windings tested,

*31. Resistance voltage. The component of the impedance voltage in phase
with the current. :

32. Reactance voltage. The component of the impedance voltage in quadra-
ture with the current.

33. Inherent regulation. The difference between rated secondary voltage
and the voltage developed at the terminals of the secondary winding when, with
rated primary voltage applied to the terminals of the primary winding, rated
current is delivered at a stated power factor.

NOTE. For the calculation of inherent regulation see Appendix G.

34. Off-circuit tapping switch or link. A device for changing the voltage ratio
of the windings; it is suitable for operation only when the transformer is not
energized.

35. On-load tap changer. A device for changing the voltage ratio of the
windings whilst the transformer is on load. :

36. Earthing transformer. A transformer intended primarily for the purpose
of providing a neutral point for earthing purposes. :

37. Routine tests. Tests made by the manufacturer on each transformer.

38. Type test. A test made by the manufacturer to verify a design character-
istic not covered by routine tests.

ADDITIONAL DEFINITIONS (REACTORS)

103. For the purpose of this standard, the following definitions, additional to
those in Clause 102, apply for series current-limiting reactors only:

39. Rated current. The current which the reactor will carry continuously
without the temperature rise exceeding the limits specified in Section Nine.
* These quantities, after correction to the appropriate reference temperature, specified in

Clause 1807, are usually expressed as a percentage of the rated voltage of the winding supplied
during the test.

b 12

B.S. 171

40. Over-current factor. The ratio of the symmetrical r.m.s. value of the
through-current under system fault conditions which the reactor is designed to
carry, to the rated current.

41. Ohmic reactance. The inductive reactance expressed in ohms per phase
at rated frequency.

42. Reactive kVA. The product of the number of phases, the ohmic reactance
and the square of the rated current, divided by 1000.

SECTION TWO: CLASSIFICATION OF COOLING METHODS
COOLING METHODS
201. The classification of transformers according to different methods of cooling,
and the recognized abbreviation for each class, is given in Table 1. In the table
the symbol Q" is used to indicate mineral oil complying with B.S. 148,
“ Insulating oil for transformers and switchgear *, and the symbol ‘S~ is used
when a synthetic liquid is employed.

TABLE 1. CLASSIFICATION OF METHODS OF COOLING

l Abbreviation
Type of | Qil " Cooling e
transformer | circulation method Mineral Synthetic
Dry oi liquid
- Natural AN — ; —
Dry
| — Blast* AB —_ | —_—
Natural, Air natural — ON SN
thermal
head only Air blast - OB SB
! 4
oil Water — oW _ SW
L Forced, Air natural — OFN SFN
by pump
Air blast — OFB SFB
Water — OFW SFwW

For oil-immersed type transformers built with a combination of natural and
forced cooling the following are typical additional abbreviations:
ON/OB ON/OFN ON/OFB ON/OFW
SN/SB SN/SFN SN/SFB SN/SFW

* This term includes forms of construction in which the air or gas is recirculated in a closed
circuit.
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SECTION THREE: RATING
RATED kVA

301. Rated kVA shall be declared as the product of the rated voltage in kV, the
corresponding rated current and the appropriate phase factor, taken from
Table 2. It shall be such that the transformer can deliver its rated current under
steady loading conditions without exceeding the limits of temperature rise
specified in Section Nine, when the rated primary voltage at the rated frequency
is applied to the principal primary tapping. The rated kVA so assigned shall
envisage service conditions not less favourable than those specified in Section
Four.
NOTE 1. When the transformer is operated with the rated primary voltage applied to the
terminals of the primary winding, the apparent power (kVA) at the terminals of the secondary
winding, when carrying the rated secondary current, differs from the rated kVA by an amount
corresponding to the regulation of the transformer and is the product of the actual secondary
voltage, the rated secondary current and the appropriate phase factor.
NOTE 2. If the output voltage is specified at full load, the corresponding no-load voltage
should be taken as the basis of rated kVA. It is recommended that in such cases the nearest
standard kVA rating from Tables 3 and 4 should be chosen.

RATED VOLTAGE AND CURRENT
302. Values shall be as marked on the rating plate. Where tappings are provided,

the values shall be those applicable to the principal tapping.

RATED FREQUENCY
303. A frequency of 50 cycles per second shall be assumed unless otherwise
specified. :
PHASE FACTORS
304. The factors to be used to inter-relate rated kVA with rated voltage and
rated current are given in Table 2.

TABLE 2. PHASE FACTORS

Number of phases Phase factor
gl 1k
2 2
3 i. 173

RATING OF ADDITIONAL LOAD WINDINGS
305. Where more than one primary or secondary winding is provided, the kVA
rating of each winding shall be marked on the rating plate and the temperature
rise of each winding under the specified loading conditions shall comply with
the limits stated in Section Nine.
%
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PREFERRED kVA RATINGS 'E

306, For guidance, preferred kVA ratings are listed in Tables 3 and 4, but @
compliance with this standard does not require the adoption of only those E
values given. -
The preferred ratings for single-phase units of rated kVA greater than those ¢
given in Table4, are one third the values given in Table 3 for 3-phase transformers.  ©
=2

TABLE 3. PREFERRED kVA RATINGS FOR 3-PHASE TRANS_I-*:ORMERS
OR 3-PHASE GROUPS

= 100 1000 10 000
— Sagy & o 12 500
o 150 1500 15 000
b 200 2000 | 20000
25 250 _' 2500 25000
= 300 3000 30 000
— 400 4000 e

- e - 45 000
50 500 5 000 —

- i — 60 000
| 750 7500 | 75000

TABLE 4. PREFERRED kVA RATINGS FOR
SINGLE-PHASE TRANSFORMERS

1 10

el 15

2 = i

ol 25

5 50

= 75
15
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SECTION FOUR: SERVICE CONDITIONS
GENERAL
401. The service conditions envisaged in specifying the limits of temperature
rise, referred to in Clause 301, are as follows:
a. Cooling-medium temperature.

(i) Air. When the cooling medium is air it is assumed that a temperature
of 40°C will not be exceeded and that the average cooling-air temperature will
not exceed 30°C in any day, and 20°C in any year.

(ii) Water. When the cooling medium is water it is assumed that a tempera-
ture of 25°C will not be exceeded and that the average cooling-water temperature
will not exceed 20°C in any day.

b. Altitude. An altitude not greater than 3300 ft (1000 metres) above sea
level is assumed.

NOTE. Where a transformer will be subject to service conditions differing from those specified
in Clause 401, reference should be made to CP. 1010 ¢ Guide to loading oil-immersed
transformers to B.S. 171,” to determine the appropriate kVA rating, with a standard
temperature rise, suitable for the loading conditions envisaged.

SECTION FIVE: TAPPINGS
GENERAL
501. Unless otherwise specified, transformers will not be provided with tappings.

Where * Off-circuit * tappings are specified, but the size and the number of
the steps is not stated, voltage adjustment of plus and minus 5 per cent of the
rated voltage in the steps indicated below, will be assumed:

25 kVA and below 5 per cent steps
above 25 kVA 2% per cent steps.
NOTE. Tappings for changing ‘ on-load * are not standardized.
PRINCIPAL TAPPING
502. Unless otherwise specified, the principal tapping shall be as follows:
a. Where the number of tappings is odd: the mean tapping.
b. Where the number of tappings is even: that tapping, of the two middle

tappings, associated with the higher number of turns.

OUTPUT AT ANY TAPPING

503. Where primary or secondary tappings are used to compensate for variation
of either the primary or the secondary voltage, the transformer shall be capable

16
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of operation at its rated kVA without injury on any tapping and at any applied
voltage which does not vary from the voltage for which the tapping is rated by
more than plus 5 per cent.

SECTION SIX: MULTI-WINDING TRANSFORMERS
DESIGNATION OF WINDINGS
601. For the particular case of a three-winding transformer the following
designations apply:

Higher voltage. Intermediate voltage.

The following abbreviations shall be used on the rating plate:
H.V. M.V. L.V.

Lower voltage.

REQUIREMENTS FOR STABILIZING WINDINGS
602. Stabilizing windings shall be so disposed in relation to the main winding
and the core as to facilitate the flow of third harmonic current.

A terminal connected to the winding shall be provided for earthing. Where
it is desired to close the delta connection externally by means of two linked
terminals it is not necessary to provide an additional terminal for earthing.

NOTE: Where a winding is fulfilling the dual function of a stabilizing winding and a winding
supplying a small external load, it should be considered as one winding of a multi-winding
transformer.

SECTION SEVEN: INSULATING MATERIALS
SOLIDS
701. Four of the classes of insulating material listed in B.S. 2757: 1956,* A, B,

H and C, are recognized in this standard for dry-type transformers. For
transformers immersed in oil or synthetic liquid, Class A only is recognized.

LIQUIDS
702. a. Oil. Mineral oil, when provided, shall comply with B.S. 148, ‘ Insulating
oil for transformers and switchgear °.

NO"I_.'E. Attention is drawn to the fact that sustained operation of transformers at the
maximum temperatures permitted by this standard may cause the oil to deteriorate more
Fapldly than the other components. See Code of Practice CP. 1009, ® Maintenance of
insulating oils (with special reference to transformers and switchgear) *.

! b. Synthetic liguids. In the absence of British Standards covering synthetic
insulating liquids the provision of such liquids is a matter for arrangement
between manufacturer and purchaser.

NOTE. Oil and synthetic liquids should not be interchanged.

*# B.S. 2757: 1956, ° Classification of insulating materials for electrical hi
apparatus on the basis of thermal stability in service’. e
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SECTION EIGHT: INSULATION LEVELS
GENERAL
801. The insulation level shall be that specified by the purchaser. (Guidance on
the selection of this level, for oil-immersed type transformers, is given in
Appendix ‘ H ).

The requirements of this section are based on the system highest voltages
given in Table 5. When the system highest voltage is not specified, values given
in Table 5 will be assumed. When intermediate values are specified the next
higher value in the table shall be used as the basis for the selection of the
insulation level.

Single-phase transformers forming part of a three-phase bank shall have an
insulation level based on the system highest voltage of the three-phase system.,

TABLE 5. RELATIONSHIP BETWEEN SYSTEM HIGHEST AND
SYSTEM NOMINAL VOLTAGES

1 2

System voltages

Nominal Highest
kV r.m.s. kV r.m.s.

1-0 i 11

3-3 36

66 72

11 12:5

15 17:5
22 24
33 36
44 | 49
55 61

66 T2:5
88 100
110 123
132 145
150 170
220 245
275 300
330 360
380 420

X
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STANDARDS OF INSULATION LEVEL

802. The insulation levels for dry-type transformers and oil-immersed type
transformers not designed for impulse-voltage testing shall be as given in
Table 9. For other cil-immersed type transformers, two standards of insulation
level are recognized; Standard I and Standard 2.

NOTE. Selection of Standard 1 or Standard 2 depends on the ratio of the highest voltage
to earth of the sound lines during a fault to earth on the third line when expressed as a
percentage of the line-to-line-voltage (see Appendix ‘ H ). In general, the Standard 2 level is
of the order of 80 per cent of Standard 1 level, i.e., approximately one step lower than the
Standard 1 level appropriate to the same system highest voltage.

Unless otherwise specified the standard of insulation level given in Table 6
will be provided.

TABLE 6. STANDARDS OF INSULATION LEVEL
FOR IMPULSE-TESTED TRANSFORMERS

System highest
voltag% Standard
kV r.m.s.
Up to and
including 100 ik
Above 100 2

INSULATION TO EARTH

803. Uniform insulation shall be provided for all delta-connected windings and
for star or interconnected-star windings where the neutral end of the windings
is not specified for connection to earth.

Graded insulation may be provided for star and interconnected-star windings
if the neutral end of the windings is specified for connection to earth.
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