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2004(E)

FOREWORD

1) The Internatlonal Electrotechmcal Commlssmn (IEC) |s a worIdW|de orgamzatlon for standardlzatlon comprising
all ngtromat—etectrote 3 O ce tatioma O ce e—obje of—HE€ o] promote
interngtional co-operation on all questions concerning standardization in the electrical and eleetronig|fields. To
this ehd and in addition to other activities, IEC publishes International Standards, Yechnical.§pedifications,
Technjical Reports, Publicly Available Specifications (PAS) and Guides (hereafter \refe red o| as “IEC
Publidation(s)”). Their preparation is entrusted to technical committees; any IEC Natispal Ggmrittee Jaterested
in thg subject dealt with may participate in this preparatory work. Int i govermqental fand non-
goverphmental organizations liaising with the IEC also participate in this frepara 'on collakoratgs closely
with the International Organization for Standardization (ISO) in accorda i ditions determined by
agreeent between the two organizations.

2) The fqrmal decisions or agreements of IEC on technical matters e ¢ posgible, an intprnational
consepsus of opinion on the relevant subjects since each ica i épresentation from all
interegted IEC National Committees.

3) IEC Publications have the form of recommendations fornt Mig and aré accepted by IEQG National
Comnittees in that sense. While all reasonable efforfs are fwade hat the technical contgnt of IEC
Publidations is accurate, IEC cannot be e iQ_hich they are used dr for any
misinterpretation by any end user.

4) In order to promote international uniformity i € i undertake to apply IEC Pyblications
transparently to the maximum extent posgible in th' i and regional publications. Any djvergence
betwepn any IEC Publication and the correspondf or regional publication shall be clearly indicated in
the lafter

5) IEC provides no marking pgoced al and cannot be rendered responsiblg for any
equipment declared to b

6) All users should ensure tha

7) No liapility shal empioyees, servants or agents including individual eXperts and
memblers of its te atfonal Committees for any personal injury, property damage or
other [damage of an ether direct or indirect, or for costs (including legal fees) and
expenges arising o se of, or reliance upon, this IEC Publication or any ¢ther IEC
Publidations.

8) Attent i S e references cited in this publication. Use of the referenced publications is
indispp ) R K ation of this publication.

9) Attent o the pyssibility that some of the elements of this IEC Publication may be the pubject of
paten{ri . 9 & held responsible for identifying any or all such patent rights.

Internat dard\IEC 60214-2 has been prepared by IEC technical committee 14: Power

transfor

This standard cancels and replaces IEC 60542 (1976) and its amendment 1 (1988). This first
edition constitutes a technical revision of that standard.

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

FDIS Report on voting
14/490/FDIS 14/492/RVD

Full information on the voting for the approval of this standard can be found in the report on
voting indicated in the above table.

This publication has been drafted in accordance with the ISO/IEC Directives, Part 2.
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IEC 60214 consists of the following parts, under the general title Tap-changers:

Part 1: Performance requirements and test methods
Part 2: Application guide

The committee has decided that the contents of this publication will remain unchanged until
the maintenance result date indicated on the IEC web site under "http://webstore.iec.ch” in
the data related to the specific publication. At this date, the publication will be

* reconfirmed;

* withdrawn;

. repIJaced by a revised edition, or
*+ amepded.

A bilingpial version of this publication may be issued at a later d&

@C@
8
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INTRODUCTION

The recommendations in this application guide represent advice to the tap-changer
manufacturer and purchaser.

It is stressed that the responsibility for the correct application of the fully assembled tap-
changers in connection with the transformer lies with the manufacturer of the transformer.

@C@
8
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TAP-CHANGERS -

Part 2: Application guide

1 Scope

This part of IEC 60214 is intended to assist in the selection of tap-changers designed in
accordance with IEC 60214-1 for use in conjunction with the tapped windings of transformers
or reac i i St i i hangers
and the hangers
(resistor and reactor types) and off-circuit tap-changers.

2 Normative references

The foll cument.
For datgd references, only the edition cited applies. Fo [ edition
of the rg

IEC 600 :
Amendment 1(1999)1

IEC 60(76-3:2000, Power transformers
clearanges in air

external

IEC 60076-5:2000, Power tanstq

76-11:2%

14-1:2003, T

IEC 600
IEC 602 s

IEC 602
transfori

oils for

IEC 6035

IEC 605

2 to the
interprefation of dissolved and free gases analysis

3 Terms and definitions

For the purposes of this document, the terms and definitions given in IEC 60214-1 apply.

4 Symbols and abbreviations

DGA Dissolved gas analysis
HVDC High-voltage direct current

PST Phase-shifting transformer

1 There exists a consolidated edition 2.1 (2000) that includes edition 2.0 and its amendment.
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5 Types of tap-changer

5.1 General

Tap-changers are devices that will vary the turns ratio of a transformer and hence regulate
the voltages of that transformer. Tap-changers that can perform this operation can broadly be
divided into two fundamental types as follows:

— on-load tap-changers;
— off-circuit tap-changers.

5.2 On-load tap-changers
5.21 General

The on- pratio of
the tran out any
interrup Il select

the varipus tap positions and switch the load currents and
On-load tap-changing can be employed by using varig

The twg most common switching principles are:
— hightspeed transition resistor type
— transgition reactor (preventive autotra
5.2.2 Resistor-type o
5.2.21 General
Resistof-type on-load t
— extefnal out-

— in-tank tap-chan

ment), as described in 5.2.2.3.

The op
IEC 602

the different resistor type tap-changers are shHown in

5.2.2.2 K sigtor-type on-load tap-changers

5.2.2.2.

These t:p-uhallycla are—self-containedintheirowntanks (c)\bcpt dly-typc tap-bhally FS) and
mounted on the side or end of the transformer. Four types of tap-changer arrangements are
considered, all employing the high-speed transition resistor switching principle.

5.2.2.2.2 External separate selector and diverter compartments

This type of tap-changer has two separate compartments, one for the pre-selection of the
transformer taps called the tap selector compartment and the other for the on-load switching
called the diverter switch compartment. The two compartments have separate liquid chambers
and both are isolated from the liquid in the main transformer tank, although the tap selector
compartment and the main tank may share the same conservator. The taps from the
transformer are taken to the selector contacts through a liquid-tight barrier board. The tap
selector compartment contains clean liquid enabling it to withstand the required higher
voltages across the contacts. The diverter switch compartment isolates the carbonized liquid
and gases. As can be seen from Figure 1, the tap-changer bolts on the side or end of the
transformer. This arrangement is generally used for the larger MVA transformers.
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1 2
Key
1 Transformer windings 3 Liquid and gas tight barrigtr
2 Tap lepds 4 Diverter switch compartinent
The sw
electronics.
5.2.2.2.3 External

s/power

lent

This typle of tap p ilar way
to the |double cempart single
compariment.

The swlitching s/power
electronics.

5.2.2.2.4

Selector switch on the
side or theend of thé transformer (see Figure 2). Again, the transformer taps are takgn to the
tap_cha hger contacts fhrnllgh a qullid-fighf barrier board. The selection—and Q\I\lif(‘l’ing are

carried out using common contacts in the same liquid and chamber. These tap-changers tend
to be used on the smaller MVA and voltage class transformers.
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1|
/ 2 \3
1
Key
1 Transflormer windings 3 Liquid and gas tight barrier
2 Tap lepds 4 Selector switch compartment
Figure 2 — External mounted selector,
(for mounting on the end or side o
5.2.2.2.
By usin pbetween
the tap- of tap-
change ugh the
selector
Figure 3 ate tank
tap-cha
Q RN I 000
R \
E%:I.jh []
o=
/‘ — L
7 / f
/ / 3 4 5 6
1 2 IEC 1392/04
Key
1 Transformer windings 3 Liquid and gas tight barrier 5 Diverter switch
2 Tap leads 4 Tap selectors 6 Drive mechanism

Figure 3 — External mounted in-tank with separate barrier board
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5.2.2.2.6 Advantages and disadvantages of external mounted on-load tap-changers

External mounted on-load tap-changers generally have the advantage of being easier for the
user to maintain. Access to the complete tap-changer and all contacts is obtained by removal
of inspection covers. Because the selectors are always in a separate chamber, the DGA of
the transformer is not affected by capacitive sparking of the selector and change-over of
selector contacts. Monitoring of the separate selector compartments can be carried out in
isolation allowing early diagnosis of selector problems and the ability to differentiate between
selector and main transformer defects. Due to voltage clearance considerations, external
mounted out-of-tank on-load tap-changers have the disadvantage of not being practical for
line-end applications above 145 kV.

5.2.2.3 —In-tankresistortype-on-load-tap-changers
5.2.2.3.1 General

As their sformex, e pormally
suspended from the lid of the transformer either at one end j S ingle three-
phase ¢ nsist of
one, twp or three phases. Two poles can also be used L icati . Three
types aile considered, all of them having high speed resisto i

5.2.2.3.p In-tank separate selector and diverter s

With thig type of tap-changer, separate’s 2 r switch
and opegrate in the same liquid as the lwo selector rings pef phase,

-numbered taps, and| moving
t_current flowing prior to the |diverter

one corntaining the odd-numbered taps™a
contact|arms radially pre-select a tap
switching to that position.

The diVerter switch is d i a iquid-tight insulated compartment which
separates the arcing ga ; j ally the
diverter compartmint is e Y rate conservator breathing to atmospheré¢.

This tyge of tap-cha Figure 4

shows How this ar



https://iecnorm.com/api/?name=765dc00b1c4cec883c709e30112d4c81

-12 - 60214-2 O IEC:2004(E)

O—0O

e —

000

IEC 1393/04

Key

1 Transflormer windings 5 Drive mechanism

2 Tap lepds

The swlitching can be¢ s/power

electronics.
B In-@ z
In-tank he one

compariment using tke adts and liquid. The fixed contacts are radially mounted
around i partment with the three phases mounted one above the other.
The car 3 se$ are separated from the main transformer liquid by thg liquid-
tight cop gnt Qving contacts are fixed to a central insulated drive shaft.

5.2.2.3.

This typ er tends to be used for the lower MVA and voltage class trandformers
(see Fidg
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000 00
=
f ks

7 | W 9

IEC 1394/04

Key

1 Transflormer windings Drive mechanism

2 Tap lepds

Figure 5 — In-tay h tap-changer
5.2.2.3.4 itch in single compartment
This tyge of tap-change ortacts /for the selection of the taps and gifferent
contactg for the switghing noving selector contacts would pre-sele¢t a tap
before the diver : . The sequence of operation would be sjmilar to
a tap-changer ibex :2.8.2 byt *both sets of contacts are contained in the one

compariment. The by arc extinction in the liquid or by |vacuum
interrup

5.2.2.3. : 3 tlisadvantages of in-tank on-load tap-changers

In-tank a changers have the advantage of being more suitable for thg higher
voltage applications. They can also benefit the transformer manufacturer by

allowind the t-chaner to be connected to the transformer prior to processing. For|a given
power rating,)an m<tahk tap-changer will generally have a smaller oil volume. This |has the
advantage<of smaller oil volumes to handle during maintenance but a disadvantage tHat more
frequen i y required. e in- - r iy v ir selectors
and change-over selectors in particular, operating in the same liquid as the transformer, the
DGA of the transformer can be influenced by capacitive arcing from the contacts.

5.2.3 Reactor-type on-load tap-changers
5.2.31 General

Reactor-type on-load tap-changers are normally designed to be applied to the low voltage
winding of the transformer. They can be divided into two distinctive types:

— external out-of-tank tap-changers (air environment), as described in 5.2.3.2;
— in-tank tap-changers (liquid environment), as described in 5.2.3.3.
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5.2.3.2 Reactor-type external on-load tap-changers
5.2.3.2.1 General

These tap-changers are self-contained in their own tanks and mounted on the side or end of
the transformer. The taps from the transformer regulating winding are taken to the tap
selector contacts through a liquid tight barrier board (component of the on-load tap-changer).
The liquid from the tap-changer is totally isolated from the transformer main tank and,
therefore, can be checked separately by liquid sampling. Three types of tap-changer
arrangements are considered.

5.2.3.2.2 Diverter switch and tap selector

This type of tap-changer consist of change-over selectors and tap sefectors, designed to

select tap connections, and transfer switches (diverter switches o upters),
designeld to break and make current and, therefore, perform the he tap-
changing operations. The separate devices are normally located\i » liquid
compariment similar to that shown in Figure 1. This design of g be used
on the larger MVA transformers.

The opgrating sequence of a reactor type tap-changer wi i e ifch_and tap sejector is
shown ip IEC 60214-1, Figure B.5.

5.2.3.2.8

This typ erforms
the fung dp connections, combifing the
duties ¢ selector switch and the charge-over
selector, i changer
tends to

The opgrati ¢ cHangers with selector switch is shhown in
IEC 602

5.2.3.2.4

This tag ge-over
and tap d make
current. € by-pass
the vac intermy en the tap-changer is not performing a tap change operartion. By

using v bns, the
carbom.'atlo of_the\insdlating liquid is minimized which enables the device to wjthstand
higher Joltages. fhis arrangement is generally used for the larger MVA transformers.

The opkrating—sequence of—= reactor=type—tap-changer—with—vacoum—interropter—and tap

selector is shown in IEC 60214-1, Figure B.7.

5.2.3.3 Reactor-type internal on-load tap-changers

These designs are exclusively used in voltage regulators. The tap-changer is fitted inside the
transformer tank and is normally located on top of the transformer adjacent to the preventive
autotransformer (reactor).

This type of tap-changer will incorporate a load transferring selector switch (arcing tap switch)
which performs the functions of switching current and tap selection. Since tap changing is
performed in the same tank as the main transformer windings the insulating liquid should be
checked frequently to insure the dielectric integrity of the transformer. The transformer taps
are taken to the tap-changer contacts that are located on an insulated board. The selection
and switching are carried out using common contacts.
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The transformer manufacturer needs to take into account the potentially heavy carbonization
of the liquid in the main transformer tank.

5.3  Off-circuit tap-changers

The off-circuit tap-changer is designed to change tap position and hence vary the turns ratio
of the transformer whilst it is de-energized.

This is achieved with mechanically operated devices that will select the various taps. The
fixed contacts may be arranged in a circular configuration (for rotary types) or in a straight
line (for rack and slide types). Normally, the drive mechanism is manual, but motor drive units
are also available.

This tyal>e of tap-changer is usually mounted inside the transform a withythe drive
mechanjsm mounted on the transformer lid or on the wall of the tran

5.4 Ljquid-immersed tap-changers

5.4.1 General

Liquid-immersed tap-changers cover all the types d ibe 3 . quire a
liquid fd i j C typical,
and the most common, liquid i i i according to IEC 6029(!) Other
types o i e as to be
exercisg

5.4.2

The ligdid used for on- Ioa i i [ witching
functionls, e most commonly used liquid [for tap-
changers is mineral [oi ‘ . this oil has relatively poor lubricating
propertips, it is nevertheless ® i echanical operation of the tap-changer. It is
therefore recom G ; s manufacturer be consulted before operating
mechanjcally of@u' i ad (dnfilled) condition.

Other ligui i d in transformers for fire-retardant and environmental
purpose on-load tap-changers. Silicone fluids have vegry poor
lubricati grc-quenching ability and cannot be used for on-lgad tap-

changerts, igh Molecular Weight (HMW) paraffins have good lubrication
and ard tiRCti propexties and may be suitable for some on-load tap-changgrs. The
tempergture ge may be restricted due to higher viscosities than transfdrmer oil

at lower

Where @ liquid other than mineral oil according to IEC 60296 is being considered, fhe tap-
changer manufacturer should be consulted to establish its suitability.

Liquid immersed on-load tap-changers tested to IEC 60214-1 are suitable for operation down
to —25 °C in transformer oil according to IEC 60296. For temperatures below —-25 °C, the tap-
changer manufacturer may recommend a lower viscosity oil, the installation of heaters in the
switching and mechanism compartments or other precautions to prohibit tap-changing whilst
below a given temperature limit.

Where temperatures below —25 °C are envisaged, the tap-changer manufacturer should be
consulted.
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5.4.3 Liquid-immersed off-circuit tap-changers

Liquid-immersed off-circuit tap-changers are tested to operate in mineral oil to IEC 60296;
however, in service they may be required to operate on one position for long periods of time,
and, if operating in high liquid temperatures, pyrolytic carbon may eventually form on the
contacts. For this reason, a lower temperature rise value is stipulated in 7.2.2 of IEC 60214-1.
The type of material used for the contacts should be suitable for the intended application.
Prolonged operation on one position may influence the pyrolitic carbon formation; hence,
silver plating/silver plating, silver plating/copper, copper/copper and copper/brass contact
materials may be preferable.

During transformer maintenance, it is recommended that the off-circuit tap-changer is
operatefl To clean the contacis (see 9.71.3).

Unlike [|iquid-immersed on-load tap-changers, off-circuit tap-change lire arc
quenching or good lubricating properties. Also, cold temperature vis ity ipportant
to their loperation. For these reasons, the use of many differen S ht fluids
are possible.

Where @ liquid other than mineral oil according to IEG6Q29 ' i , the tap-

changent manufacturer should be consulted to establig

5.5 I]ry-type tap-changers

Dry-type tap-changers are usually used\in cenjt i . Thig type of
tap-chapger has several advantages compared t - i ineral oil
such as :

In contriast to conventiondl ta i i illed with
insulating liquid or inside the m . dry-type tap-changers can be sybject to
different service conditio 3 al influences. They can be used with oif without
a housing in mdoi g i :

In liquid-filled on-16ad fa insulating liquid is used as insulating, switclling and
cooling P Dry-type on-load tap-changers usually use |vacuum

interrup arid gas (SFg or air) as the insulating medium as| well as
the coofi on is achieved by the application of grease on the movable
mechan brication measures have to be repeated during maintenance
work. In order to xeduce \the need of frequent Iubrlcat|on measures, espeC|aIIy for jry type

tap-cha

The follpwing list of applications of dry-type tap-changers can be deduced from the different
types of dry-type transformers.

a) Dry-type tap-changers for gas-filled dry-type transformers

The tap-changer and the transformer are incorporated in a pressurized and gas-filled
(mainly SFg) enclosure.

b) Dry-type tap-changers for totally enclosed dry-type transformers

The tap-changer and the transformer are incorporated in an unpressurized enclosure,
cooled by the circulation of internal air.

c) Dry-type tap-changers for enclosed dry-type transformers

The tap-changer and the transformer are incorporated in a ventilated enclosure, cooled by
the circulation of external air.
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d) Dry-type tap-changers for non-enclosed dry-type transformers

The tap-changer is used in conjunction with a transformer which is installed without a
protective enclosure (mainly indoor applications). The dry-type tap-changer may have its
own enclosure (usually a ventilated enclosure).

For dry-type tap-changers the normal service conditions such as altitude, temperature of
cooling air and humidity will be in accordance with IEC 60076-11 if applicable.

Furthermore, the purchaser should check, when selecting an appropriate dry-type tap-changer
for a certain application, whether the dry-type transformer will still meet the stated climatic,
environmental and fire behaviour classes according to IEC 60076-11 once the selected tap-
Change 2 DEE ncorporated e a ormer. g Case of dry-type on-igad tap-
changerls, it has to be considered that despite the use of vacuum inteqrupters™as \switching
elements in common designs, arcing and hot spots can occur at, for etamplée,

— change-over selectors (if applicable);
— compmutation sparks at non-enclosed mechanical switching & S :

— temperature rise of the transition resistors.

Dry-type on-load tap-changers that are not totall use in
explosign hazardous areas.
When uging dry-type on-load tap-chay above-

temperdtures higher than 2 hgv¥e a decomposing effect on fthe SFg
gas. At|temperatures of §00 *C #nd SF4 gas starts to decompose into its constituent
elemenr, with the decpmpusition processReing difgctly proportional to the quantity of energy
converted.

It can Ibe assumed that no decompsitio!ﬂof heN\SFg\gas takes place below 150 °C. At

The SF§ gas de ve toxic

effects. | Therefore, , during
maintenjance work« bnnel.
56 @

5.6.1

There a e types.
The sta n. Other
tests to| falfil the infention of the standards and to support the tap-changer manufgcturer’s
technica-data—of-the-productsmayalso-be-made-on-the-tap-changer

The following are some other types of tap-changers described.

5.6.2 Electronic tap-changers

In an electronic on-load tap-changer, the transferring of load from one tap to another is
performed by power electronics such as thyristors and thereby no arcing will take place.
Electronic tap-changers are usually designed to replace only the diverter switch function but
can also take care of the tap selector function. The electronic tap-changer can be of totally
dry type or have the electronic immersed in liquid. It can also be of dry type but cooled with
some other type of media.
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5.7 Protective devices
5.7.1 General

According to 5.1.4 of IEC 60214-1, the use of protective devices is required for on-load tap-
changers to minimize the risk of fire or explosion resulting from an internal failure within the
diverter or selector switch compartment.

Protective devices for diverter or selector switches are designed to counter the action of the
following stresses:

— inadmissible increase of pressure within the diverter or selector switch liquid compartment;

— on-laad

— on-lpad tap-changer operation at liquid temperatures below the lipaj 5 piven in
IEC

If the tdp selector is assembled in its own and separate liquid go » Otective
devices|designed to counter the action of an inadmissible incr - i the tap
selectorn liquid compartment may be employed.

In som¢ applications, it may be necessary to supervise 9 fati different
poles of an on-load tap-changer or of different phasg currents
caused py a possible out-of-step position of the on-lpad(tap

5.7.2 Increase of pressure withi
5.7.21 General

Faults ¢ccurring in on-load tap- chaner g the effect of converting glectrical
energy |nto heat due to agcing. he insulating liquid, which will resplt in an
increas¢ of pressure withir theliquid compartm he amount of energy released ¢luring a
fault dgpends upon i rated capacﬂy of the transformer, the
operating voltage, the he grid,
the conpection

r switch
m long-
release
can be
id flow,
changer
of more

Protecti
liquid ¢
term lo
during 1
achieve
resulting
should
than on

5.7.2.2 Liquid-flow controlled relay

Liquid-flow controlled relays inserted into the pipes between the on-load tap-changer switching
compartment and the conservator are most frequently used. Such relays are actuated by an
increased liquid flow from the diverter and selector switch liquid compartment to the
conservator. They respond to relatively low- up to high-power short-duration disturbances within
the diverter switch compartment by tripping the circuit breaker of the transformer, thus avoiding
or limiting damage to the on-load tap-changers and the transformer.

Liquid-flow controlled relays have been used for many years in transformer engineering
applications and have the advantage of proven reliability and little or no evidence of spurious
operations. The disadvantage is that the response time of the relay, being essentially
hydraulic, is relatively long compared to some other relay types. Dual element relays,
incorporating a contact that is operated by accumulation of gas, are not applicable to diverter
or selector switches as they inherently generate gas during their normal operation.
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The liquid-flow controlled relay should be installed in the pipe leading from the on-load tap-
changer switching compartment to the conservator, located as near as possible to the on-load
tap-changer switching compartment. The pipe to the liquid conservator should be installed
with a rising inclination sufficient to ensure the free escape of switching gas. For further
information, see the installation instructions of the manufacturer.

Liquid-flow controlled relays would normally be set for tripping the transformer to reduce
danger to personnel, and to limit consequential damage. Alarm-only systems are not
recommended.

5.7.2.3 Overpressure relay

compar ment and respond to internal static and dynamlc pres , such
overpressure relays will not be actuated by weak disturbances, 9ch the
necessgry pressure for response.

Overprgssure relays have the advantage that the responseAim R i norter in
the casg of steep pressure waves than that of a correspdin i d relay.
While s i ‘ ' S is less common,
and so ewdence to prove ) i is [not so
compre

If the pressure-sensing relay is used e (ecti it would normally bel set for
tripping irhit consequential damage.
5.7.2.4 Pressure-relief device

Pressurg-relief devices are f ither” alone or in parallel to the liquid-flow
controllgéd relay. Such devi i d on/the diverter or selector switch compartment
and be deS|gned to Qpen ik ined pressure is exceeded. Faults with large
energy feleasesA N iquid fompartment can generate very strong pressure
waves Wwith extra i sure\peaks. These could lead to damage of the diyerter or
selector switch liquid y Y order to prevent such damage, a pressure religf device
is usual b i pmpartment of the on-load tap-changer. If the gressure
relief device i sole~prdtection, it would normally be arranged with corjtacts to
enable {he cifcu SET-0 e\transformer to be tripped. It is preferable to be able tp test or
reset th Hout removing protective ducting

To this A pressure-relief diaphragm (rupture disk) is used. When responding,
this pr sreli phragm will operate and leave a sufficiently large aperturg in the
switching eompartment cover to allow an immediate drop of the pressure

Another type of a pressure-relief device is the pressure-relief valve, which is of a self-sealing
type. When responding, a spring-operated valve cover will open and instantly provide for the
pressure relief required in the event of a pressure rise. After the release of the pressure, the
valve will close thus minimizing liquid loss in the event of an operation.

Both devices are designed to ensure an immediate pressure drop in the diverter switch liquid
compartment, preventing any further damage. In either case, determination of the setting at
which the device operates should take due regard of the static head of liquid on the device in
normal service.

Faults in the tap-changer switching compartment will result in either a liquid spillage or a
release of liquid into the transformer tank. The former could result in a fire risk and/or
pollution risk to the environment. The latter could cause severe transformer liquid
contamination and/or major transformer failure.
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It is not feasible to protect the on-load tap-changer against all possible faults, particularly
worst-case high-energy faults such as an earth fault in a line-end on-load tap-changer. In
such cases also commercial fire prevention systems may not contain any resultant fire.
Protective devices detecting increase of pressure are, therefore, intended to minimize the
liquid spillage and fire risk.

5.7.3 Switching under excessive overload or short circuit conditions

In order to minimize switching under excessive overload or short-circuit conditions, it is
recommended that in the case of motor control, a protective device should be fitted to prevent
or, if initiated, to interrupt an operation of the motor-drive mechanism when the transformer
load exceeds the agreed value. Attention has to be paid to the fact that in the case of spring-
|Oaded “nr\haniemc the—movementof-the nnnrgy Qr‘f‘llmlllﬁfﬁr whan uﬂrrhofnrl cannot be

interrupted.

Many (tilities customarily use an overcurrent blocking device{ to 9r drive
mechanjsm of the on-load tap-changer from operating when Y current
exceedg a pre-set overload limit.

When al manual control is used, protective devices are no i e it is not
normal practice to tap-change manually during periods ' ]

The propability of a tap-changer operation under,

5.7.4 Excessive liquid temperatures
During éxtreme ambient temperatures —-25 °C for
mineral |oil according to IEC 60296) to provide special devices tp obtain
reliable| service behavioudr: may have differing temperature
restrictipns. Such a devic i to measure the liquid temperatufe in the
on-load|tap-changer a S rplifiefNnstalled in the motor-drive mechanism to bjlock the
electrical operation.

In some b detect
excessi y. Such
devices

5.7.5

5.7.5.1

In tap-¢hangersdesigns in which the tap selector is assembled in a separatg liquid
compar]ment, protestion devices similar to those described in 5.7.2 may be used.

5.7.5.2 Double element gas and liquid-operated relay (Buchholz)

The separate tap selector liquid compartments are usually piped via the main transformer gas
and liquid-operated (Buchholz) relay to the main transformer conservator. This relay would be
a double element relay, which normally provides protection by giving an alarm on
accumulation of gas and tripping the transformer on liquid surge. Relays that provide
protection by giving an alarm on accumulation of gas and tripping the transformer on further
accumulation of gas as well as liquid surge are also available. The transformer manufacturer
would normally supply this relay.

Consideration should also be given to fitting additional gas and liquid-operated relays
(Buchholz), close to every tap selector compartment, in the pipe from the tap selector
compartment to the main transformer conservator. This measure offers the advantage of
improved fault diagnosis and better identifying whether the source of the fault is in the tap
selector or in the main transformer tank. These relays would also be a double element type.
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They would aid fault diagnosis by identifying whether the fault is caused by an accumulation
of gas or a liquid surge. When fitted, consideration should be given to using both the gas
accumulation and the liquid surge elements to trip the transformer. The reasoning for this
policy is that any free gas in a tap selector compartment is a sign of a defect or fault condition
and the transformer should be tripped before the fault causes an internal flashover. It is
important to ensure that all air is vented from tap selectors when the compartment is filled,
otherwise that air would cause a spurious trip condition. Gassing at the changeover selector
does not cause any problem for this application. The transformer manufacturer would
normally supply such relays.

5.7.5.3 Overpressure relay

Overpressure—relays can-be mounted on-the ocutside of the tap selector compartment. They
respond to static and dynamic pressures arising within the tap select brtment;
howevef, such relays will not be actuated by weak disturbances, a ach the
necessgry pressure for response. If such a device is used, it should breaker
of the transformer to be tripped.

The comments of 5.7.2.3 regarding speed of operation, beration
apply.

5.7.5.4 Pressure-relief device

This dejice when installed on any tap selec r \t is~desi when a
predetefmined pressure is exceeded. ‘ selector
comparlment from damage due to ove S ' i ector or
any inadivertent over-pressurization of the -

The comments of 5.7.2.4 regardi K, i i apply.
5.7.6 Tap-change s

If there fis a failu er poles
(for example, br Hifferent
phases |reach diffex repancy
betweer , $ for the
on-load ed. In such cases, the supervisory control circuit (if fitted)
may reg (rther electrical operation of the motor drive is prevented. No
further { prould be carried out, either electrically or manually as|long as
the tranp

Discrepfnci > the tap positions of different phases will create unbalanced vpltages,
and so may.also be.detected by phase-voltage unbalance protection which normally {rips the
transformers Out-of-step conditions are common for certain applications (see 6.2.8).

6 Selection of tap-changers

6.1 General

Since the tap-changer represents only a small part of the total cost of the equipment in which
it is used, it should be freely chosen to suit the equipment. However, account should be taken
of the available standard types of tap-changers.

The responsibility for the correct selection and application of the fully assembled tap-changer
for a given transformer is with the manufacturer of the transformer.
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6.2 On-load tap-changers
6.2.1 Insulation level

The following values occurring on all tap positions of the transformer should be checked
against the tap-changer manufacturer's declared values in accordance with 5.2.6.4 of
IEC 60214-1.

a) Normal power-frequency operating voltages appearing on the tap-changer in service.

b) Separate source a.c. voltages appearing on the tap-changer during tests on the trans-
former.

c) Impulse voltages appearing on the tap-changer during tests on the transformer.

NOTE 1 |With some winding arrangements, the voltages appearing on the transformer (can béxabnarni
for examgle:

ally high,

— neutra] point taps in autotransformers;
— line-erd taps; and
— boostqgr transformer arrangements.

These vo|tages can be affected considerably by the choice of linear, coa RVETS gements.
Methods ¢f catering for voltage variation which involve variations in th& magretic RO core can
also affeqt the voltages appearing on various parts of the tap-change

NOTE 2 |Switching operations may cause very fast transient ovef- {nane whi very fast
oscillatind over-voltage stresses on the tap-changer. These siress S pcting the
lightning {mpulse level of the tap-changer; they are not coyened b i ag i bnsformer
which are|performed in accordance with Clause

6.2.2 Current and step voltage
6.2.2.1 General

The taptchanger should

6.2.2.2
The rated throu ’ 3 r as defined in 3.26 of IEC 60214-1 shoul@l be not

less thd value of tap current of the tapped winding at the
assigne mer in accordance with 4.1 of IEC 60076-1. The rated
through ¢ loading. If different values of apparent power]| for the
transfor different circumstances, for example, with different methods
of cooli ese values is the rated power and, therefore, the basig for the
rated thg e tap-changer.

6.2.2.3

Tap-cha ngers in accordance with 5.2.1 of IEC 60214-1 meet the overload reqwrerTents of
IEC 60354

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 tap range to the other.

When, for a particular application, a transformer is to be subjected to loading conditions in
excess of the limitations in IEC 60354, the tap-changer manufacturer should be asked to
recommend a suitably rated tap-changer.

6.2.2.4 Rated step voltage

The rated step voltage of the tap-changer (see 3.28 of IEC 60214-1) should be at least equal
to the highest step voltage of the tapped winding. The tap-changer is then suitable for
operation as long as the applied voltage on the transformer does not exceed the limitations of
4.4 of IEC 60076-1.
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If the tap-changer is required to operate frequently at a higher applied transformer voltage, its
rated step voltage should be increased accordingly.

6.2.3 Breaking capacity

The breaking capacity requirements are met if the highest tap current and the voltage per step
of the transformer are within the values of rated through-current and relevant rated step
voltage declared by the tap-changer manufacturer for the particular tap-changer.

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

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

NOTE Ir] certain applications, such as furnace and rectifier transformers, the tag-ch upon to
operate during periods of momentary overcurrent of two to three times the transgformer's\co |nuo ifium rated
through-cprrent or distorted step voltage or current. This requires a highe aking ca ording to
rated valyes.

In case [of distorted voltages and currents, the manufacture R bst their
influence on the breaking capacity.

6.2.4 Short-circuit current
The shgrt-circuit current of the tap-chang - i .2 - be not

less than that resulting from the overc in 3.2 of
IEC 60(Q76-5.

NOTE Phprticular care should be taken to cReck current ‘ap/low-impedance, booster and phage-shifting
transformgrs. In some instanceg] the entvalus Id dictate the choice of tap-changer.

6.2.5 Number of tap posi

The number of@
various | manufactife

e tap-changers is generally standardiged with
selection of the number of service tap positions

As the a increases, the voltages to be catered for also increasg, and it
is essenti caubionshbe“taken to avoid excessive voltages over the taps range when
operating 0 estinggat mikimum winding positions. The effect can be very marked on|furnace
and req A ] feeding electrolytic plants where wide taps ranges afe often
necessd -cHanger is in the constant voltage winding, that is, wide variations in

6.2.6 Change-over Selector Tecovery voltages

When coarse fine or reversing change-over selectors operate they momentarily disconnect
the tap winding. This can cause high recovery voltages across the change-over selector
contacts during contact separation due to capacitive coupling between the tap winding and
adjacent winding(s). In such cases, discharges between the opening and closing contacts can
occur during the operation of the change-over selector. In order to avoid difficulties with
regard to the dielectric stress and the formation of gases, special precautions may be
necessary.

There are many different methods of limiting the problem, such as the use of tie-in resistors or
providing capacitive control of the tap winding or the use of two-way change-over selectors.
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The transformer manufacturer should ensure that the winding design does not exceed the
switching parameters, either with or without any limiting devices (such as tie-in resistors)
fitted, declared by the tap-changer manufacturer.

During transformer testing, the tap-changer change-over selector should be tested in
accordance with 10.8 of IEC 60076-1 to confirm satisfactory switching.

NOTE Particular care should be taken regarding the frequency of the test voltage during the above-mentioned
operations. Higher than rated frequencies will result in higher capacitive currents to be switched. This may exceed
the breaking capacity of the change-over selector or may result in higher formation of gases.

6.2.7 Coarse fine regulation leakage induction switching

_(resistor type tap-changers only)

When ¢ resistor
type tag i series
oppositi Pvoltage
of the d

The tra bed any
maximu changer

manufagturer.

It should be noted that axially disposed i ~ i isposed
designs i

6.2.8 Transformers and phases o

When cpnnecting two (or ition for
a very ghort time period &an ¢ on-load
tap-chapgers. This wil i gadings)¥f the transformers and the on-Igad tap-
changels. Besides the 3 odading caused by the different im}edance

voltageg, a circyhating driven by the voltage difference betwgen the
transformers, a' is lim impedances within the circuit. These cinculating
currenty are superipape ransformer load currents and influence the Breaking
stresses i dp-changer. When evaluating the breaking conditions,
not onlyf tching currents but also the occurring phase shift at the

opening shall be considered.

An out-pf iti ccurs when using individual single-pole on-load tap-changers in a
delta or|sts {i ion.,Even if the individual on-load tap-changer poles are driven| by only
one mg e mechanism or three drive mechanisms operated by a single |control,

synchro| of the diverter or selector switches cannot be guaranteed. If the
tapped windings are delta-connected, unbalanced voltages will cause a circulating |current.

Consideration—oftheadditional current should bemade—inthe designofthetradsformer

winding and applying the correct current rating of the tap-changer.

6.2.9 Enforced current splitting (paralleled selectors/diverters on same phase)

If an enforced current splitting is required for special on-load tap-changer types or
applications, the transformer design with two or more parallel winding paths has to be
considered well. The impedances between the parallel windings must be at minimum 2 to 3
times higher than the effective transition resistor of the diverter switch to ensure an enforced
current splitting even during the diverter switch operation to limit the circulating current. Any
additional circulating current between parallel winding paths should not cause the last diverter
that operates, to switch beyond its declared parameters.

The tap-changer manufacturer should be consulted when such conditions are envisaged.
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6.2.10 On-load tap-changers for application in special transformers with non-
sinusoidal currents (for example, HVDC converter transformers)

When using on-load tap-changers in special transformers where through-currents with a high
degree of harmonics occur, then the non-sinusoidal wave shape of the through-current has to
be defined by the transformer manufacturer. These non-sinusoidal through-currents have a
large impact on the switching stresses, which have to be controlled by the diverter switch. In
resistor type tap-changers working according to the flag cycle or multiple resistor cycle
method, the recovery voltage arising at the main switching contacts corresponds to the
voltage drop across the transition resistor caused by the through-current. Consequently, the
recovery voltage also has a non-sinusoidal wave shape.

The tr nefnrmnr mnnnfaﬁhurnr should enpnl\l the fgp rshgngnr mgnn'Fa/rl-N.rnr with, details

regardin]  should
check
currenty,
influenc

6.2.11

Unlike 4 5 of the
transfor

The rated phase shift of a PST is defined unde N ation at
this phgse angle in the advanced positis g the effect of the |internal

voltage [drop of the PST caused by ints ; internal voltage drop iepends
on the load current (through-put power)a nayaffect the step voltage of the on-lpad tap-
changel. Therefore, the standard requirem exloadiconditions shall be considergd.

The brgaking capacity of an™qn-load all be verified according to 5.2.2.2 of

IEC 60214-1, at a curne i i e maximum rated through-curren't and at
its rele\ 2 : is based on the assumption that the rated
step voltage doegs S ough-current, which is not true in every casqg of PST

applicatjons. The of the breaking capacity should be carried out by
the tap of PSTs. For this calculation the transformer
manufag¢ ), S t e Maximum step voltage that can occur in any position|and the
maximu

NOTE T
simultane

Jculation (maximum step voltage, maximum through-current) may |not occur
ger position.

Overloadi i e sense of operating it with a current beyond the nameplafe rating
increasg¢s thednternakphase angle and consequently the load phase shift angle in the retard
position| This)ma gult in a load phase angle exceeding the maximum rated no-loafd phase
angle. The{voltage across the regulating winding and consequently the voltage per step of a
single-c eed the
rated voltage. Voltage ratings are defined at no-load and based on turn ratios.

Furthermore, in a two-core design, the main transformer will also experience a certain degree
of over-excitation with the same consequences for the regulating winding. The degree
depends on the ratio of the impedances of the series and main transformer windings.

The values of voltage, current and switching capability under the above conditions should be
within the declared parameters of the on-load tap-changer.

It should be noted that service positions will exist where the load current does not flow
through the regulating winding. In these positions, there is no (one-core design) or only a
reduced (two-core design) short-circuit impedance effective between the load and the source
side of the PST.
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6.2.12 Contact life

The test for 5.2.5.1 of IEC 60214-1 stipulates that the tap-changer has to perform a minimum
of 500 000 mechanical operations. This does not necessarily mean, however, that the tap-
changer is suitable for that number of operations at its maximum rated load current without
carrying out maintenance and changing contacts.

The service duty test for on-load tap-changers in IEC 60214-1 establishes a base line for the
number of operations guaranteed by the manufacturer at the maximum rated through-current
and relevant step voltage. Contact life data provided by manufacturers should be determined
on equal basis, such as current level, voltage level, power factor and tap-change range.
When determining contact life, overload conditions or durations, if known, shall also be

considered-since-they-can-decrease-the-expescted-contactlife-

The mapufacturer’s contact life charts give the contact life for varyin urrents.

However, when a tap-changer is required to perform an abnor i of tap-

change | operations per annum, such as for rolling mills, ele furnace

transformers, without contact change, these values should be {reated with i h higher

rating t3 ifei » It a tap-

changer inculating

currenty.

6.2.13

When s changer

manufa service

maintenance under such requirements.

6.2.14 | Motor-drive mechs

If the mlotor-drive meckani i f facturer
itAl or-drive

of the tlap-changer, t
mechanfism is suitable

6.2.15

Where hen fully assembled has to withstand all the pgressure

and vad ~ iated transformer. In such cases, all the relevant infgrmation
should be given in the e manufacturer of the tap-changer.

6.2.16

Should 3 ors, diverter switches or selector switches be located in geparate
containgrs{outside the transformer tank, in air, and the ambient temperature can Qe lower

than -2 ; uid.

Should the tap selectors, diverter switches or selector switches be located inside the
transformer tank and the liquid 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.

NOTE The lower limit of =25 °C applies to mineral oil in accordance with IEC 60296. When other liquids are used,
a different lower limit will apply and the tap-changer manufacturer should be consulted.

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

If the tap-changer is required to operate continuously, the temperature conditions may need to
be checked and the tap-changer manufacturer should be consulted.

6.2.18 Preventive autotransformer circuit (reactor type tap-changers only)

A preventive autotransformer is used with reactor type tap-changers as transition impedance
to limit the circulating current when operating on a bridging position (service position where
two adjacent taps are bridged), or during the change of taps between adjacent positions.
Preventive autotransformer can also be energized in the non-bridging position (service
position, Where both movable contacts on the same flxed contact) and a crrculatmg current
will rest s
autotrar

Two op
which the value of the circulating current is set. First, the
autotrarjsformer has to be kept high to reduce the circulating
section Jand to minimize reactive kVA taken from the lineX_On
has to |be kept low to minimize reactance drop (elinrin

operatign

Sometimes voltage regulators are equi
winding| the highest temperature rise
equalizer winding is used, the highest ts
non-bridging position depending on wh'

bridging position.
xperienced in the brifilging or

on the 1 well as
by the di

Equalizér windings arg n to a
lower |¢ J€ ) ' i ircuit. elqualizer
windingp i ; pbridging
position| and increas ) i itchi idgi position.
The duty on the 9 everses

directiof for bridgj

6.3 @

6.3.1

The foll checked
against| the~tap~shanger manufacturer's declared values in accordance with 7.2.5.3 of
IEC 602141

a) normal power-frequency operating voltages appearing on the tap-changer in service;

b) separate source a.c. voltages appearing on the tap-changer during tests on the trans-
former;

c) impulse voltages appearing on the tap-changer during tests on the transformer.

NOTE 1 With some winding arrangements, the voltages appearing on the transformer can be abnormally high, for
example:

— neutral point taps in autotransformers;

— line-end taps; and

— booster transformer arrangements.

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 IEC 60076-3).
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6.3.2 Rated through-current

The rated through-current of the tap-changer as defined in 3.26 of IEC 60214-1 should be not
less than that resulting from the highest value of tap current of the tapped winding at the
assigned rated power of the transformer in accordance with 4.1 of IEC 60076-1. The rated
through-current refers to continuous loading. If different values of apparent power for the
transformer are assigned under different circumstances, for example, with different methods
of cooling, the highest of these values is the rated power and, therefore, the basis for the
rated through-current of the tap-changer.

6.3.3 Overload current

Tap-chnngpre in accaordance with 72 2 of IFC 60214-1 meet the overlgad.requirements of
IEC 60354.

When, for a particular application, a transformer is to be subjecte tions in
excess |of the limitations in IEC 60354, the tap-changer manufac ked to
recommlend a suitably rated tap-changer.

6.3.4 Rated step voltage

The rated step voltage of the tap-changer (see 3.28 guld be at least equal

to the h|ghest step voltage of the tapped winding.

6.3.5 Short-circuit current

The shgrt-circuit current of the tap-cha i .2.3 of IEC 60214-1 should be not
less than that resulting from the overdurre s giated transformer as given in 3.2 of

IEC 600

NOTE P e-shifting
transform

6.3.6

Equal c i veved by using parallel winding paths. A high impedance
betweer i 5 NO on-
load cir

If off-cin bod that
the curren Fiations.
For this i tap-changers of a higher current rating may need to be considered
assumirng acurr aring ratio of approximately 60/40.

6.3.7 'Numberoftappositions

The number of tap positions of the tap-changers is generally standardized with various
manufacturers' equipment. The selection of the number of tap positions should preferably be
made within that range.

6.3.8 Mechanical life

If a motor drive unit is used after 10 000 operations a check of mechanical part and, in
particular, electrical contacts is advised.

6.3.9 Motor-drive mechanism

If the motor-drive mechanism is purchased from a manufacturer other than the manufacturer
of the tap-changer, then it is the purchaser's responsibility to ensure that the motor-drive
mechanism is suitable for all its necessary duties.
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7 Location of liquid immersed tap-changers

7.1 Tap selectors

Unless otherwise agreed between the transformer manufacturer and the purchaser, the tap
selectors may be located within the main transformer liquid.

NOTE Where change-over selectors are incorporated in the selector design, gassing from their contacts can
occur (see 6.2.6). This may affect any dissolved gas in oil analysis of the transformer.

7.2 Diverter and selector switches

selector
ide the

To avoi
switch phould be housed in a separate leak proof compartment i
transformer tank.

8 Fittings

8.1 Vjalves, air release vents and liquid-sampling de

All valv 5 of the

tap-cha

Diverter
some t

and the
diverter
compar

top and
release
with the drain valve. An isolating valpe fitted
between the sele ally provided by the transformer manufacturer,
is requited for e@ z ent-\Where required, equalizing valves betweer] the tap
selectorcompart Y in“tank should be provided by the transformer manufacturer.

Air envi
bottom
vents. The bottom filt

valves, air-release vents and liquid-sampling ¢levices,
farmer manufacturer, is recommended for each installatjon.

A plate
normall

In most instances, tap selectors are connected to the conservator of the main tank and the
gauge on the main conservator provides liquid level indication for the tap selector liquid
system. When tap selectors are connected to integral expansion volume or separate
conservators, a separate gauge should be provided. These gauges are often supplied by the
transformer manufacturer rather than the tap-changer manufacturer.
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8.3 Low liquid level alarms

Consideration should be given to fitting a device to detect low liquid level in the liquid
compartments for diverter or selector switches with integral expansion volume or separate
conservators for these compartments. This device should normally initiate an alarm in the
event of a low liquid condition, giving early warning to prevent a possible catastrophic failure
due to low liquid. The device may be separate to, or integral with, any liquid-flow operated
relay. In some instances, this device may be supplied by the transformer manufacturer rather
than the tap-changer manufacturer.

Similarly, a device should be fitted to detect low liquid level in the liquid compartments for tap
selectors, either with separate conservators or connected to the conservator of the main tank.
In most[instances, this device may be supplied by the fransformer manufacttwer rather than
the tap-ghanger manufacturer.

8.4 Nameplate and other plates

In additjo i ired by
Clause P of IEC 60214-1, where appropriate, a vacuum ca iNty ¥ ' tached,
identifying the vacuum capability of the various compartment he 18

8.5 Devices to aid maintenance

The degign of the tap-changer and tra be able
to carry out maintenance safely. Ite le made
reasongbly accessible. Any devices requjred ifting ite witches
or cove i

8.6 Dehydrating breat

If the tg device
should integral
expansi es, this
breathef changer
manufa

Similarl
either W
instancg
changer

ould be fitted to the liquid compartments for tap selectors,
or connected to the conservator of the main tank.|In most
= supplied by the transformer manufacturer rather than [the tap-

When determining thedappropriate volume of the dehydrating breather, it has to be considered
that the|liguid volumé of the tap-changer compartment is small compared to the trangformer,
although breathing is more frequent.

9 Field service (operation, maintenance and monitoring)

9.1 Operation
9.1.1 Parallel operation

In the case of parallel operation of transformers with tapped windings, care should be taken
by the manufacturer and the user of the transformer to ensure that the currents circulating
between the transformers are limited to acceptable values.

NOTE See 6.2.8.
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