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INTERNATIONAL ELECTROTECHNICAL COMMISSION
APPLICATION GUIDE FOR ON-LOAD TAP-CHANGERS

FOREWORD

1) The formal decisions or agreements of the I E C on technical matters, prepared by Technical Committees on which all the National
Committees having a special intercst therein are represented, express, as nearly as possible, an international consensus. of opinion ./ |
on the subjects dealt with. » I

2) They have the form of recommendations for international use and they are accepted by the National Coinmiitéél m that sense i

3) In order to promote international unification, the I E C expresses the wish that all National Commitices should adopt the tert of
the T E C recommendation for their national ruies in so far as national conditions will permit. Any divergence between the IBC.

recommendation and the corresponding national rules si-ould, as far as possible, be clearly indicated in the latter. - -

PREFACE
" . This publication has’ been prepared by Sub-Com.aittee 14B, On-load Tap-changers, of I E C Technical Com-
- aittee Mo. 14, Power Transformers. :
| }Itlconstitlites an application guide for on-load tap-changers.

o " "Aiﬁxst"dfift-was discussed at the meeting held in Brussels in 1971, and a second draft was discussed at the
s mectmg lield in Paris in 1973. As a result of this meeting, a draft, Document i4B(Central Office)9, was submitted te
~the National Committees for approval under the Six Months’ Rule in May 1974.

" The following countries voted explicitly in favour of publication:

Australia Norway
Austria Poland
. . _ Belgium Portugal
‘ D ‘ o Czechoslovakia Romania
PR Denmark South Africa (Republic of - .
.‘ o Finland Spain )
France Sweden
Germany Switzerland '
Hungary Turkey
Italy . Union of Soviet Socialist Republics
Japan United Kingdom
Netherlands United States of America
Other I E C publications quoted in this publication: . «

Publicstion Nos, 76-1: Power Transformers, Part 1; General.
76-4: Part 4: Tappings and Connections.
76-5: Part §: Ability to Withstand Short Circuit.
914 : On-load Tap-changers (second edition).
354 : Loading Guide for Oil-immersed Transformers.

e ———————————r—io




APPLICATION GUIDE FOR ON-LOAD TAP-CHANGERS

" 1. Scope
This application g de is intended to assist in the selection of suiiable on-load tap-changers for useinéonjunctioh‘ |

* with the tapped windings of transformers or reactors which, in the following text, are referred to as transformers.

b Asm the second edition of I E C Publication 214, On-load Tap-changers (revision of Publ‘iéation:214 (1966)),
- the (Jesignation ' ‘on-load tap-changer” is shortened to “tap-changer” in the remainder of this guide and all the
o tawimggegs refirred to shall be presumed to comply with the requirements specified in I E C Publication 24, 7

WS il

"‘Thié.recomziiegidatioxis of the application guide are not mandatory and orﬂy represent advice to the tap-changer °
- manufacturer and purchaser. The responsibility for the correct application of the fully assembled tap-changer.in-
opnncctidn;with’ the transformer is with the manufacturer of the transformer. et

:'tapz-chapger represents only a small part of the total cost of the equipment in which it is used, it should
osc’n‘tp.’suit, the equipment. However, account should be taken of the available standard types of

Th ';oﬂqwigg“,zvalu‘cs occurring on all tapping positions of the transformer should be checked agamst the tap-
hanger manufacturer’s declared values in accordance with Sub-clause 8.6.4 of I E C Publication 214;

'Normal power-frequency operating voltages appearing on the tap-changer in service.
+-2)- Power-frequency voltages appearing on the tap-changer during tests on the transformer.
. 3) Impulse voltages appearing on the tap-chiunger during tests on the transformer or in service.

ey . Note. i With some winding arrangements, the voltages appearing on the transformer can be abnormally high, e.g.:

- = neutral point tappings in auto-transformers,
o = lineend tappings, and
.~ booster transformer arranczments.

|
o _Mletégé can be affected considerably by the choice of lincar, coarse/finc or reversing tapping arrangéments. Methods of
" ‘catering for voltage variation which involve variations in the magnetic flux in the transformer core can also affect the voltages . |

‘appearing on various parts of the tap-changer (see 1 E C Publication 76, Power Transformers). -

2.3 Current

b " The tap-changer should satisfy the following conditions:

- :‘.2.3.1 " Rated through-current

‘ The rated through-current of the tap-changur as defined in Sub-clause 4.17 of I E.C Publization 214 should be
_ not less than that resulting from tse highest valae of tapping current of the tapped winding of the tran‘sformer‘_(in; e
gccordance with Sub-clause 4.2 of I E C Publication 76-1, Part 1: General). T
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2.3.2 Overload current

When tap-changers are fitted on transformers which are subjected to overload conditions in accordance with
I E C Publication 354, Loading Gulde for Qil-immersed Transformers, they should generally %c restricted to the

occasional overload conditions stated 1n Sub-clause 4.2 of I EC Pubtication 76-1, unless specifically ordered for

other overload conditions by the transformer manufacturer, :

The above requirements are met

a) If the maximum rated throngh-current of the tap-changer is at least 1.2 times the highest tapping current of
the transformer, or co

b) if the tap-changer i« facturer is able to demonstrate that the temperature-rise limits given in Sub-clause 8.1

of Publication 214 arc wot exceeded when the contacts carry 1.2 times the maximum rated through-current."
(The values of current to apply for the othet tests of Clause 8 of Publication 214 remain based on the value of

the maximum rated through-current.)

The number of tap-changes for each occasional overload period should be limited to the number of operatiou;;u :

corresponding to one-half of one complete operating cycle and the peak temperature rise of the transition resistors
should not exceed 360 “C for air-environment tap-changers or 300 °C for oil-environment tap-changers.

Where tap-changers arc subjeét to overload conditions not in accordance with the limitations stated in I E C
Publication 76-1 with regard to the loading guide for oil-immersed transformers, the tap-changer manuvfacturer
should be consulted and given the current magnitude and duration so that the correct tap-changer can be recom-
mended for the duty required.

2.3.3  Short-circuit current

The short-circuit current of the tap-changer as given in Sub-clause 8.3 of 1 E C Publication 214 shou'd be not
less than that resulting from the overcurrent of the associated transformer as given in Sub-clause 1.2 of TEC

Publication 76-5, Part 5: Ability to Withstand Short Circuit,

Note. — Particular care should be taken to check this current on low-impedance and booster transformers. In some instances, the
fault-current value could dictate the choice of tap-changer.

2.4 Breaking capacity o

The highest tapping current and the voltuge per step of the transformer should be within the values of rated
through-current and relevant rated step voltage declared by the tap-changer manufacturer for the particular tap-

changer. e

For values outside of those declared, the tap-changer manufacturer should be consulted.

For application to transformers with several different currents and step voltages, the transition impedance should
be designed so that the switched current and recovery voltage in the tap-changer do not exceed those covered by
the type tests.

Note. — In certain applications, such as turnace transformers, the tap-changer may be called upon, if required, to operate during periods
of momentary overloads of two to three times the transformer continuous maximum rating. The diverter switch or selector
switch shouid be chosen so that it is capable of mecting this condition.

Where appropriate, consideration should be given to the ctfect on the step voltage, and m conseguence on the breaking
capacity, of methods of voltage variation giving variations in the magnetic ffux in the transformer core.

2.5 Number of tapping positions

The number of inherent tapping positions of the tap-changers is gencrally standardized with various manu-
facturers’ eguipment. The selection of the number of service tapping positions should preferably be made within
that range.
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As the exient of the tapping range increaccs, the voltages to be catered for also increase and it is essential that

precactions be waken to avoid excessive voliages over the tapping range when operating or sesting at minimum
winding positions. The effect can be very murked on furnace and rectifier transformers feeding clectrolytic plants
where wide tapping ranges are often necessary and the tap-changer is in the constant voltage winding, i.e. wide
variations in the magnetic flux in the transfor mer core oceur.

2.6 Discharge problems with change-over seiectors

It should be noted that, under certain conditions, tap-changers with change-over selectors can allow nmmcn*t;iﬁry
disconnection of the tapped winding. In such cases, discharges between the opering and closing contacts can occur
during the nperatior of the chunge-over selsctor, and in order to avoid difficulties with regard to the dielectric
stress and the formation of gases which could arise when the tap-changer operates under high voltage to earth,
special precautions will be necessary There are many different methods of overcoming the prohlem but sore
examples are the use of twe-way change-over selectors, control resistors, or capacitive contrel betveen the main
winding and the tapped portion of the winding,

2.7 Mechanical iife

The mechanical duty may need censideration if the expected number of operations per annum exceeds 20 000,
for example, this can occur on transformers for use on rolling-mills, electrolytic plants or furnace supplies,

2.8 Motor-drive mechanism

If the motor-drive mechanism is purchased from a manufacturer other than the manutactarer of the tap-chanier,
then it is the purchaser’s responsibility to ensure that the motor-drive mechunism is suitable for all its nece
duties. : 5

2.9  Pressure and vacuum rests

Where applicable, the tap-changer when {ally assembled has to withstand all the pressure and vacuum tests of
its associated transformer. in such cases, ali the relevam information should be given in the order to the manu-
facturcr of the tap-chunger.

210 Low-temperature couditions .

Should the tap sclectors, diverter switches or selector switches be located in separate containers outside the
trarsformer tank, in air, and the ambient tersperature car be lower than --25°C, it is advisgble to specity the
quality of the insulating and/or lubricating oils. :

Should the tap wlectors, diverter switches or selector switches be located inside the transformer tank and the oil
temperature can be lower than —25 “C during: operation, the tap-changer manufacturer shall be consulted, taking
the quality of the transformer oil into consideration,

<

If necessary, auntomatically controlled heating devices could be provided or, alternatively, meuars of preventing
tap-change operation at abnormally low temperatures may be considered.

2.4V Continnous operation .

If the rap-changey s required to operuie continuously, the temperature conditions may need to bhe checked and
the tap-changer manufacturer should be consulted.
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3. Location of oil-immersed tap-changer components

s e -

3.1 Tap selectors

Untess otherwise agreed between the manufucturer and the purchaser, the tap selectors may be focated within
the main transformer oil.

3.2  Diverter and selector switches

To prevent contamination of the main transformer oil, oil-immersed diverter or selecior switches should be.insa
separate container which may be located inside or outside the main transformer oil. When locatad in the -main
transformer oil, it is not necessary for the container to he absolutely oil-tight, providing that precautions are taken

easily without lowering the oil level in the transiormer tank. Where appropriate, arrangements should be made fi

drained until all of the oil has been removed from the diverter switch container.

L If an oil-tight container is required, it should be specified by the purchaser,

3.3 Oil level alarm contacts

If oil level alarm contacts are required. they should be specified by the purchaser.

4. Field service

4.1 Safety of ' operation

. . . . . )
1) Such protective devices as may be considered necessary should be connected in accordance with the manu-

facturer’s instructions. _ _

2) In order to minimize switching under excuossive overload or short-circuit conditions, it ts recommended that,

in the case of motor control, a protective device should be fitted to prevent, or if initiated interrupt, an operation

of the motor-drive mechanism when the transformer Joad exceeds the agreed value.

Note. — In the case of manual control, protective devices are not considered necessury as it s not normal prictice to tap-change
manually during periods of overload ana ihe probability of coincidence of a tap-change operation under short-circuit con-
ditions is negligible.

s,

4.2 Parellel operation

n the case of parallel operation of transformiers with tapped windings, care should be taken by the manutucturer
and the user of the transformer to ensure that the currents circulating between the transformers are linited to an

acceptable value,

4.3 Comtact erosion and oil contamination

Tap-changers have expendable itens i their construction and the manufacturer’s fipures should be noted for
maintenance periods in terms of time and in numbers of operations. Generally, expected contacthife for a particylar

value, contact life is increased.

The number of operations before oil-change U necessary is conditional on the oif beingin good condition orginally

and maintained in a dry stale.

to avoid any mixture of the switch oil with the wransformer oil and that the oil in the container can be changed 7

it to be made clear in the transformer mainiecnance instructions that the main transformer eil should net be

tap-changer is given at maximum rated throvah-current. If the foad current of the transformer is less than thish e
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For good utilization of the tap-changer, it is necessary to follow the maintenance instryction book of the tap-
changer manufacturer, which generally gives the above as a function of:

1) rated through-current;

2) the service duty of the transformer.

5. Information required with enquiry or order

In order that the correct tap-changer can be specificd, the following information should be given by the trans-
former manufacturer:

5.1 Rating and general data

Relevant specification.
. Number of tap-changers required.
Single or polyphasc units.

1\
Vwos

Number of phases in systcm.
. Frequency.

-

6. Rated power, in kilovoltamperes, of apparatus to which the tap-changer is to be connected.
7. Rated voltage of the winding to which the tap-changer is to be connected.
8. Winding connections.
9. Tapping range required, given in per cent above and below the rated voltage of the winding. (See Sub-
clause 2.3 of ICE Pubiication 76-4, Part 4: Tappings and Connections.)
10. Number of service tapping positions required, the numbering of these positions and their identification
with reference to the transformer tappings. ¢
11. Tapping arrangement (i.c. linear, reversing or coarse/fine).
12. Position of tappings in winding (¢.g. linc end, middle, neutral point).
{3. Highest tapping current of the winding to which the tap-changer is to be connected (sec 1EC Publi-
cation 76-1, Sub-clause 3.5.3.5).
14. Maximuta value and duration of short-circuit current passing through the tap-changer.
™ 15. Phase voltage per step (if the step voltuge varies over the range, give full details, together with associated
F currents).
16, On neutral-point tap-changers, whether one neatral terminal or three separate neujral terminals are
required. _
17. The power-frequency voltage app saring between the opening and closing contacts oi the change-over
selector. (Sce Sub-clause 2.6 of this guide.)

Note. — The powur-frequency voltage has two components, Le, an inductive component and a capacitive compenent, during the time
the winding is disconnected.

5.2 Insulation level

The following impulse voltage and power-frequency voltage test values should be given:

1. Highest voltage between the extreme tappings and, where applicable, the highest voltage between the ends
of the coarse tapping winding scction and the fine tapping secton.

2. Highest voltage between the niost onerously stresscd tapping and carth.

3. Highest voltage betwsen tappings of adjicent phascs. .f“
4. Highest voltage between the diverter swich and carth,

5. Highest voliage between phases of the diverter switch,

6. Highest voltage between open diverter switch contacts.

Note. - If applicable, partial discharge ard switching impulse fevels should be given.




3% Pressure, vaeunt and temperaiurs reqircients

1. Maximum working pressure when oil-hifd

2 Auaximum pressure during off tests on the apparatus.

3. Maximum vacuum to be applicd.

4. Type of processing, maximum mperature, vacuum and duration if the tap-changer is fitted before this
operation,

5. Temperatures in special epvironments, ¢.2. nolse enclosures, ete.

6. Minimum operating temperatures and dutails of any special low-temperature requirements if below 25 °C.

5.4 Special
1. Details of periods of overload, value and duration (see [EC Publication 354, Clause 3, and sec Sub-

clause 2.2 of this guide).
2. Details of duty of apparatus, ¢.g. distribution transtormer, arc furnace transformer, ete.

B 3. Details of transport of transformer.

4. Any special requirements of the speciiication,

5.5 Fitlings

Ttems not covered by the tap-changer manyfacturer’s standard, ¢.g. valves, ete., should be specified.

5.6 Motor-drive mechanism
To enable the correct control devices to ke included in the motor-drive mechanism, the fullest possible details
of the controt scheme should be given by the purchaser, including which, it any, of the following basic control

functions are required, together with the type of device necessary for the function,

{. Local electrical control and indicaiion.

2. Remote electrical control and indication.

3. Loca! automatic centrol and indication, with or without line drop compensation,
D 4. Remote automatic control and indication, with or without line drep compensation,
5. Parallel control of two or more transfor mers. o

6. Supervisory control and indication.
7 In the case of remote and supervisory control wnd indication, the approximate distance beswoer the tap:
changer and the control point should be-stated,

8. Supplier of controlpear.
9. Auxiliary supply details for clectrical motor and controb equipment, i, normal voltage, maxinnn and
-

minimum voltage limits il not within the standard limits given in 10 C Publication 214, Sub-clise L2 e or

d.c. if a.c., frequency. number of phases wnd availability of neutral point.
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542 Amend. 1 3 ‘ Copyright 1EC
PREFACE
This amendment has been prepared by Sub-Committee 14B: On-load tap-

changers, of 1EC Technical Committec No. 140 Power transformoers

The text of this amendment is based on the following documents:

5ix Months' Rule I Report on Voting
t 14B(CQOJ16

14B(COO15

(D Full information on the voting for the approval of this amendment can bed
found in the Voting Report indicated in the above table.
Page 7

2.2 Insulation level
. s,
Number the existing note as "Note 1" and add the following Note 2:

2 - Switching operatlions may cause oscillating transient over-
voltages in networks which may lead to oscillating overvoltage
stresses on the tap-chancer. These stresses have to be consider:
ed when selecting the lightning impulse level of ihe tap
changer: they are not covered by the switching impulse tesis of

(j> the transformer which are performed 1in accordance with Clause 19

- of I1EC Publication 76-3 (19807, Part %: Insulation levels and

dielectric tests.

2.3 Current
Amend the title to:

2.3 Current aond step voltoye

Page 9
2.2.2 Overload current

Replace the text of this subr clanan by the following:

Tap-changers in acesrdance with  Sub clanse 8.1 of O Pabhios

tion 214 meet the overload regquionents of 160 Publication 304,
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542 Amend . 1 ' - D Copyright 1£:C

The number of tap-changes for each overload period should be limited
to the same number of operations as is required to move from one end
of the tapping range to the other. B

When, for a particular application, a transformer is to be subjected to:
loading conditions in excess of the limitations in {EC Publication 354,
the tap-changer manufacturer should be asked to recommend a suitably
rated tap-changer.

L

Renuinber the existing Sub-clause 2.3.3 as 2.3.4 and insert the followingq‘;y‘

i

new sub-clause:

2.3.3 Rated step voltage ‘ ' K

The rated step voltage of the tap-changer (see |EC Publication 214,
third edition, Sub-clause 4.18) should be at least equal to the highest
step voltage of the tapped winding. The tap-change~ is then suitable
for operation as long as the applied voltage on the transformer does not
exceed the limitations of Sub-clause 4.4 of IEC Publication 76-1.

If the tap-changer is required to operate frequently at a higher
applied transformer voltage, its rated step voltage should (be increased
accordingly. ‘

2.4 Breaking capacity
Amend the first paragraph o read:

The breaking capacity requiremaents arc met if the highest tapping
current and the wvoltage per step of the {ransformer are within the
values of rated through-current and relevant rated  step  voltage
declared by the tap-changer manufacturer for the particular tap
changer.

Insert after the first paragraph:

Operation of tap changers under {emporary overcorrent, such  as
inrush-current or short circuit current, should be avoided.

Replace the text of the nole by the following:

MNote . - Tn certain app ications, such as furnace and r pettfier drone
fourmara, tha tep-changer may be called upon tao operate ciurA ;_,,{g;;.-,
periods of momentary overcurrent of fwey  tao three timeos the
trans{ormer 's continuous manc T mum rated through curerent ot
distorted «tep volthnae or curront Thae Petequii e by abee

byi cakang - apact iy dhan aconrding to e bed v bues

[ rane of distorted voitaae  and curtento. the meanufac Lurot
cshould declare upon  roaguest thimsry ant luenece oo the heeok oog

car [
cerprare ) ey

Dardama $ha tavd ~f thic cub-clauce byv the following:

e




