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FOREWORD

e International Electrotechnical Commission (IEC) is a worldwide organization for standardization comp
national electrotechnical committees (IEC National Committees). The object of IEC is to pr
ernational co-operation on all questions concerning standardization in the electrical and ‘electronic fielg

chnical Reports, Publicly Available Specifications (PAS) and Guides (heredfter’ referred to as
blication(s)"). Their preparation is entrusted to technical committees; any IEC National Committee inter|
the subject dealt with may participate in this preparatory work. International, governmental and
vernmental organizations liaising with the IEC also participate in this prepatation.

EE Standards documents are developed within IEEE Societies and Standards Coordinating Committees
EE Standards Association (IEEE-SA) Standards Board. IEEE devel6ps-its standards through a cons
velopment process, approved by the American National Standards Ihstitute, which brings together volu

embers of IEEE and serve without compensation. While IEEEZ“administers the process and establishes
promote fairness in the consensus development process/EEE does not independently evaluate, t

rify the accuracy of any of the information contained in it$ ‘'standards. Use of IEEE Standards docume]
olly voluntary. IEEE documents are made available for.use subject to important notices and legal discla
be http://standards.ieee.org/IPR/disclaimers.html for,mere information).

C collaborates closely with IEEE in accordance with® conditions determined by agreement between th
panizations. This Dual Logo International Standard was jointly developed by the IEC and IEEE undgd
ms of that agreement.

e formal decisions of IEC on technical matters express, as nearly as possible, an international conseng
inion on the relevant subjects since each technical committee has representation from all intereste
htional Committees. The formal decisions of IEEE on technical matters, once consensus within IEEE Sod
d Standards Coordinating Committees has been reached, is determined by a balanced ballot of mat
erested parties who indicate interest in reviewing the proposed standard. Final approval of the
bndards document is given by.'the”lEEE Standards Association (IEEE-SA) Standards Board.

C/IEEE Publications have theé form of recommendations for international use and are accepted b
htional Committees/IEEE\Societies in that sense. While all reasonable efforts are made to ensure th
chnical content of IEG/NEEE Publications is accurate, IEC or IEEE cannot be held responsible for the v
hich they are used,enfor any misinterpretation by any end user.

order to promote.iinternational uniformity, IEC National Committees undertake to apply IEC Public
cluding IECHAEEE Publications) transparently to the maximum extent possible in their national and re
blications~Any divergence between any IEC/IEEE Publication and the corresponding national or re
blication shall be clearly indicated in the latter.

C and IEEE do not provide any attestation of conformity. Independent certification bodies provide conf
sessment services and, in some areas, access to IEC marks of conformity. IEC and IEEE are not respo
[ any services carried out by independent certification bodies.

pbresenting varied viewpoints and interests to achieve the final\product. Volunteers are not neceIarin

rising
mote
s. To

s end and in addition to other activities, IEC publishes International Standards, Technical Specifications,
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Al

| users should ensure that they have the latest edition of this publication.

No liability shall attach to IEC or IEEE or their directors, employees, servants or agents including individual
experts and members of technical committees and IEC National Committees, or volunteers of IEEE Societies
and the Standards Coordinating Committees of the IEEE Standards Association (IEEE-SA) Standards Board,
for any personal injury, property damage or other damage of any nature whatsoever, whether direct or indirect,
or for costs (including legal fees) and expenses arising out of the publication, use of, or reliance upon, this

IE

C/IEEE Publication or any other IEC or IEEE Publications.

Attention is drawn to the normative references cited in this publication. Use of the referenced publications is
indispensable for the correct application of this publication.
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9) Attention is drawn to the possibility that implementation of this IEC/IEEE Publication may require use of

material covered by patent rights. By publication of this standard, no position is taken with respect t

o the

existence or validity of any patent rights in connection therewith. IEC or IEEE shall not be held responsible for

identifying Essential Patent Claims for which a license may be required, for conducting inquiries into the
validity or scope of Patent Claims or determining whether any licensing terms or conditions provid

legal
ed in

connection with submission of a Letter of Assurance, if any, or in any licensing agreements are reasonable or
non-discriminatory. Users of this standard are expressly advised that determination of the validity of any patent

rights, and the risk of infringement of such rights, is entirely their own responsibility.

International Standard IEC/IEEE 60214-2 has been prepared by IEC technical committee 14:
Power transformers, in cooperation with the Transformers Committee of the IEEE Power and
Energy Society, under the IEC/IEEE Dual Logo Agreement between IEC and IEEE.

This|publication is published as an IEC/IEEE Dual Logo standard.

This| second edition cancels and replaces the first edition published in 2004. This ed
congdtitutes a technical revision.

This|edition includes the following significant technical changes with respeet to the prev

editipn:

a) title has been updated from "Application guide" to "Application guidelines";

b) tap-changers for gas-filled transformers have been added;

c) description of typical circuits for regulation has been added;

d) description of basic arrangements of tapped windings_with on-load tap-changers ang
gnergized tap-changers has been added;

e) types of tap-changers are explained in more detail (e.g. vacuum type on-load tap-char
gnd new types have been added (e.g. step:voltage regulator, advance retard s
(ARS), on-load tap-changers for distribution“transformers);

f) selection of tap-changers (on-load and‘de-energized) are described in more detail
respect to applications and parameters, which have to be considered (e.g. current v

hapes, operating pressure, temperature conditions, overloading conditions, contin
onsecutive operations);

g) storage and installation has.beén considered;

h) field service, including commissioning, operation, maintenance and monitoring, has

onsidered;

i) doafety aspects have:been updated.

The fext of this International Standard is based on the following IEC documents:

Full

FDIS Report on voting
14/1000/FDIS 14/1006/RVD

ition

ious

de-

ger)
vitch

with
vave
lous

peen

the report on voting indicated in the above table.

information on the voting for the approval of this International Standard can be found in

International Standards are drafted in accordance with the rules given in the ISO/IEC
Directives, Part 2.

A list of all parts in the IEC 60214 series, published under the general title Tap-changers, can
be found on the IEC website.
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The IEC Technical Committee and IEEE Technical Committee have decided that the contents
of this publication will remain unchanged until the stability date indicated on the IEC website
under "http://webstore.iec.ch" in the data related to the specific publication. At this date, the
publication will be

e reconfirmed,

e withdrawn,

e replaced by a revised edition, or

e amended.

A biljngual version of this publication may be issued at a later date.
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INTRODUCTION

The recommendations in these application guidelines represent advice to the tap-changer
manufacturer, the transformer manufacturer, and the end user. When using these guidelines,
the recommendations and instructions of the tap-changer manufacturer should prevail.

These guidelines apply to typical tap-changers currently in production at the time of
publication. However, much of the information is applicable to older designs.

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



https://iecnorm.com/api/?name=d9b824ac0c085390705e03bf6cc37586

IEC/

IEEE 60214-2:2019 © IEC/IEEE 2019 - 11—

TAP-CHANGERS -

Part 2: Application guidelines

1 Scope

This _part of IEC 60214 is _intended to _assist in the selection of tap-changers designed in

acc
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2.1
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trans

IEC
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clea

IEC

IEC
trans

IEC

IEC

rdance with IEC 60214-1 or |IEEE Std C57.131 for use in conjunction with the ta
ings of transformers or reactors. Requirements, references and definitions releva
r IEC 60214-1 or IEEE Std C57.131 are given and their use is described in Clause 4
intended to assist in understanding the various types of tap-changers-and
ciated equipment available. These application guidelines cover on-load: tap-chan
stor and reactor types) and de-energized tap-changers.

Normative references

following documents are referred to in the text in such a way that some or all of
bnt constitutes requirements of this document. For dated references, only the e(
applies. For undated references, the latest edition of the referenced document (inclu
bmendments) applies.

IEC references

50050-421, International Electrotechnical~Vocabulary (IEV) - Chapter 421: P
formers and reactors (available at wwwgeléctropedia.org)

50076-1:2011, Power transformers( Part 1: General

50076-3:2013, Power transformréers — Part 3: Insulation levels, dielectric tests and exts
ances in air

50076-5:2006, Power transformers — Part 5: Ability to withstand short circuit

50076-7, Power~ transformers — Part7: Loading guide for oil-immersed p
formers

50076-14/ Power transformers — Part 11: Dry-type transformers

bped
t to
It is
their
gers

their

ition

ding

pwer

ernal

bwer

test

50076-21, Power transformers — Part 21: Standard requirements, terminology, and

code

forstep-voftage regufators

IEC 60156, Insulating liquids — Determination of the breakdown voltage at power frequency —

Test

method

IEC 60214-1:2014, Tap-changers — Part 1: Performance requirements and test methods

IEC 60296, Fluids for electrotechnical applications — Unused mineral insulating oils for
transformers and switchgear

IEC 60567, Oil-filled electrical equipment — Sampling of gases and analysis of free and
dissolved gases — Guidance
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IEC 60814, Insulating liquids — Oil-impregnated paper and pressboard — Determination of

wate

2.2

r by automatic coulometric Karl Fischer titration

IEEE references

ASTM D877 / D877M-2013, Standard Test Method for Dielectric Breakdown Voltage of
Insulating Liquids Using Disk Electrodes

ASTM D1533, Standard Test Method for Water in Insulating Liquids by Coulometric Karl
Fischer Titration

AST

IEEH
DistH

IEEH
and

IEEH
and

IEEH
test

IEEE

Voltage Regulators

IEEE

3.1

For
IEC
tap-¢
appl

ISO,
follo

Terms, definitions and abbreviated terms

M D3487, Standard Specification for Mineral Insulating Oil Used in Electrical Apparat

Std C57.12.00™-2015, IEEE Standard for General Requirements for Liquid*Imme
ibution, Power, and Regulating Transformers

Std C57.12.01™, |EEE Standard for General Requirements for Dry*Type Distrib
Power Transformers

Std C57.12.90™, |EEE Standard Test Code for Liquid-Iminersed Distribution, Pd
Regulating Transformers

Std C57.15™, Power transformers — Part 21: Standard requirements, terminology,
code for step-voltage regulators

Std C57.91™, |EEE Guide for Loading Mineral-Oil-lImmersed Transformers and §

Std C57.131™-2012, IEEE Standard Requirements for Tap Changers

Terms and definitions

the purposes of this.document, the terms and definitions given in IEC 60050
50214-1 and IEC$%60076-21 apply for IEC-specified tap-changers. For IEEE-sped
hangers, the terms and definitions given in IEEE Std C57.131 and IEEE Std C5
y. For all tap-changers, the following apply and take precedence.

IEC and)*IEEE maintain terminological databases for use in standardization af
ving addresses:

S

rsed

/tion

wer,

and

btep-

421,
ified
7.15

the

EC Electropedia: available at http://www.electropedia.org/

e |SO Online browsing platform: available at http://www.iso.org/obp

o |EEE Dictionary Online: available at http://dictionary.ieee.org

3.1.1

mechanically linear
de-energized tap-changer, where the stationary contacts are arranged in a line (or series of
lines) and the moving contacts operate in an inline manner to connect with the stationary
contacts

Note 1 to entry: The definition only applies to the general operational characteristics of the switch, not to the type
of contacts or actual operating mechanism.
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3.1.2

mechanically rotary

de-energized tap-changer, where the stationary contacts are arranged along a circumference
surrounding a central axis and the moving contacts operate in a rotational manner around that
same central axis

Note 1 to entry: The definition only applies to the general operational characteristics of the switch, not to the type
of contacts or actual operating mechanism.

3.1.3
fritting

elec rically intimata matal tn maotal cantant ~raatad hy tha dialactric hraaledown Af 0 vary thln
Heay—Htate—etar—to- et G6oRta6t—6ereate ooy te—tatrereetHe—orea«aoWR—o+—a— ety

film pf oil, oxides, sulfites, etc.

3.1.4
confinuous consecutive operation
uninferrupted operation with the driving mechanism operating at its normal speed

3.2 Abbreviated terms

ARS Advance retard switch
DETC De-energized tap-changer

DGA Dissolved and free gases analysis
EAF Electrical arc furnace

GIC Geomagnetic induced current

HV High-voltage

HVDIC High-voltage direct current
IGBT Insulated-gate bipolar transistor

LCSET Lowest cold start energizing.femperature (see IEC 60296)

LV Low-voltage

OLTC On-load tap-changer

PD Partial discharge

PST Phase-shifting\transformer
VI Vacuum interrupter

VSR Variable'shunt reactor

4 Use of normative references

This document can be used with either IEC or IEEE normative references but the references
shall not be mixed. The purchaser shall include in the enquiry and order which normative
references are to be used. If the choice of normative references is not specified, then IEC
standards shall be used except for tap-changers intended for installation in North America
where |IEEE standards shall be used.

If only one alternative is given in a certain part of the document, i.e. only IEC reference(s) or
only IEEE reference(s), then that/these reference(s) is/are valid independently of the choice
of normative references.
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5 Application of tap-changers for transformers and reactors

5.1

General

Tap-changers are devices that vary the active turns in a winding of a transformer or reactor.
Tap-changers can perform this operation either on-load or with the transformer de-energized.
Therefore, they can broadly be divided into two fundamental types as follows:

- o0
- d

n-load tap-changers;

e-energized tap-changers.

Whe|
appl
Tap-
reac

trang
with

5.2

Figu

h the operation of the tap-changer changes the excitation level of the device to whighH
ed, then the volts per turn of all windings wound on the same core will change.

changers are used with all types of distribution and power transformers as|well as
ors. Also transformers for special applications (e.g. HVDC-transformers)*phase-sh
formers (PSTs), transformers for electrical arc furnace (EAF) applications) are equi
tap-changers.

Typical circuits for regulation

regujating winding located at the neutral point. In those applications a compact three-p

tap-q

hanger without a full insulation between phases can be.used, when applicable.

IEC

Figure 1 — Tap-changers in a star-connected winding

Seri

trangformers_or-autotransformers used to trade off high current for increased voltage or
voltgge for.ihcreased current. These devices, when applied, are supplied by and added
larggr main transformer where voltage regulation via an OLTC is needed. They are ¢

serigs dransformers because their output voltage is connected in series with the winding

the

it is

with
fting
bped

re 1 shows a common winding arrangement for a typical, star-connected winding with the

hase

s transformers (Figure 2) when applied to tap-changers are completely separate

high
to a
alled
)s of

ain transformer
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|
IRl ;

Main Series
(exciter) (booster)
unit unit
—_

IEC
Figure 2 — Tap-changers in series transformefrs

Figufe 3 a) to Figure 3 c) show the regulation in delta-connected windings. Figure 3 a) shows
a winding arrangement where a three-phase tap-changer’is needed with full insulation
between phases dictated by the highest voltage for equipment U,,. The winding arrangement

shown in Figure 3 c) allows the use of a tap-changerwith reduced phase-to-phase insulation
(arodind half of U,,). However, the insulation distance=to-ground shall be dimensioned fof U,

becquse of the applied voltage test (AV) ofi\the transformer (see IEC 60076-3:2013,
Clause 10). If three-phase tap-changers of the required insulation level are not available, [pboth
aboJe-mentioned arrangements can be used, of course, with three single-phase linefend
tap-¢hangers. When using a winding arrangement as shown in Figure 3 b), the number of
tap-¢hanger units can be reduced to twg;a two-phase and a single-phase unit.

IEC Z IEC
IEC

a) b) c)
Line-end Line-end arrangement Mid-winding
arrangement with two units arrangement

Figure 3 — Tap-changers in delta-connected windings

Figure 4 shows winding arrangements for regulated autotransformers. The most appropriate
arrangement is chosen depending on the regulating range, system conditions and/or weight
and transportation restrictions.
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tap-¢ghanger. Such an autotransformer is used to comipensate voltage fluctuations eithe
the HV or on the LV; however, this arrangement always’has variable flux taps.

Figu

arrapmgement to compensate for voltage fluctuations on the LV leads to constant flux taps.

com

charjges when using an arrangement acgording to Figure 4 c¢). In this case, the constant

taps
Sing
U

m

shown in Figure 4 b) and Figuré4 c).

5.3

Each) of the Figures 1-to 4 only shows one exemplary arrangement (linear regulation) o

tapp
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HV HV HV
LV
Lv -0 LV
\EC IEC EG
a) Neutral end b) Common winding c) Seri€s winding
arrangement (LV) arrangement (HV) arrangement

Figure 4 — Tap-changers in autotransformers

arrangement in Figure 4 a) shows the tap-changer at thevneutral end, which allows,
bct to its insulation, the use of a compact designy*with a three-phase neutral

(e 4 b) shows an arrangement mainly toxvary the LV of the transformer. Using
pensation of voltage fluctuations on_the HV leads to variable flux taps. The situ
exist with the compensation of H\*and the variable flux taps of LV voltage fluctuat

e-column, three-phase tap-changers with full insulation between phases according tq
f the LV or three single-column line-end tap-changers have to be used in applica

Basic arrangements of tapped windings with on-load tap-changers

bd windings. FFor all these examples, one of the following three basic arrangements o

e transformer application, any of these arrangements can be used.

with
end
r on

this
The
ation
flux
ons.
the
ions

f the
f the

Jating winding (Figure 5) can be used. Depending on the system and design paramegters
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On

modegrate regulating range up to typically 20 %. Industrial process’ transformers often
with |a variable flux density and this scheme allows a variable(number of turns between
for optimum process control.

The

a chpnge-over selector. A reversing change-over selector (Figure 5 b)) allows the tap win
to bp connected in vectorial addition (boost) or ‘subtraction (buck) to the main win
Figufe 5 c) shows a scheme with coarse and {ine tap winding arrangements. The elec
length of the coarse winding is approximately the same as the fine tap winding. From

diel

layout.

In t

windfings in the circuit. In the extreme "buck" position, the reversing arrangement utilizeg

mai

only|utilizes the main winding, which furthermore has fewer turns. This leads to addit
load|losses with the reversing scheme when in buck tap-change position.

IEC

a) b)
Linear Reversing Coarselfine

Figure 5 — Basic arrangements of the regulating winding

power transformers, the linear connecting scheme (Figure 5 a))\is''generally applied

regulating range can be approximately doubled by‘using a tap winding in conjunction

gctric point of view this arrangement, however, requires a more sophisticated win

e extreme "boost" position both regulating schemes with change-over selector sho

N winding and the entire tap; winding in the circuit, whereas the coarse/fine arrange

for a
work
taps

with
ding
jing.
rical

the
ding

v all
the
ment
onal

5.4 | Basic arrangements of tapped windings with step-voltage regulator on-load tap-
changers
See |the latest edition of IEC 60076-21 or IEEE Std C57.15 for the different step-voltage

regujator constructions such as:

5.5
5.5.

TypeA,

Type B,
series transformer,

equalizer winding.
Basic arrangements of tapped windings with de-energized tap-changers

1 Bridging contact scheme for DETC

The arrangement of the interaction of stationary and moving contacts on a DETC is such that
the moving contact connects two of the stationary contacts per phase on the DETC (see
Figure 6 a)). Multiple connections can be made providing a wide variety of connection options
(see Figure 6 b)).
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5.5.2 Linear contact scheme for DETC

The arrangement of the interaction of stationary and moving contacts on a DETC is such that
the moving contact connects a desired stationary contact to an output terminal (see
Figure 6 c) and Figure 6 d)).

5.5.3 WYE (star) contact scheme for DETC

The arrangement of the interaction of stationary and moving contacts on a DETC is such that
the three simultaneously operated moving contacts (one for each phase) connect three
desired stationary contacts (one for each phase) to the star point, with or without a common

neutratroutput(see Figure 6 €)).

5.5.4 Most common basic arrangements for different combinations

The [choice of an electrically bridging contact scheme, electrically linear contact’schemeg, or
combinations of the schemes is defined by the specific winding connections, required. Vatious
mechanical arrangements of the DETC are available. The tap-changer manufacturers should
be cpnsulted for specific options.
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with polarity inversion scheme (1-Ph) contact scheme (1-Ph) scheme with exclugion
(1 Dh) of turns (1 Dh)

Figure 6 — Common connection arrangements

6 Types of tap-changers

6.1 On-load tap-changers (OLTCs)
6.1.1 General

The on-load tap-changer is designed to change tap connections while the transformer/reactor
is both energized and on load. It performs this function without any interruption of the load.
This is achieved with the mechanically operated components of the OLTC.
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On-load tap-changing can be employed by using various switching principles.

The two most common switching principles can be distinguished by means of the transition
impedance:

— resistor type switching, using a resistor as transition impedance (see 6.1.2.1);

— reactor type switching, using a reactor (preventive autotransformer) as transition
impedance (see 6.1.2.2).

Furthermore, in reactor type tap-changers, both tap selector arms and both sides of the
diverter switch are carrying the through-current in parallel in the service positions, whereas in
resigtor type tap-changers only one tap selector arm and one side of the divertercswitch
carries the through-current. This allows for reactor type tap-changers to use the position|with
the |two tap selector arms connected to two adjacent taps (bridging) -position,
IEC p0214-1:2014, 3.21) as well as the position with the tap selector arms connected tag the
same tap (non-bridging position, IEC 60214-1:2014, 3.22) as a service position. In registor
type[tap-changers, the position between two taps is only a passage position: Therefore| the
regujating winding for reactor type tap-changers needs only half as many taps to gain the
same number of positions.

Tradjtionally, in the USA where tap-changers have been appliediat the neutral end of the
low-yoltage windings, reactor tap-changers have been dominant. Conversely, elsewhere
whefe tap-changers have frequently been applied to the high-voltage windings, resistgnce
tap-¢hangers have been dominant.

Both| on-load tap-changer switching principles are available as non-vacuum type and vaquum
type|tap-changers.

Non{vacuum type tap-changers are equipped’,with contacts which break and make the |load
and firculating currents in liquid or gas. The arcing takes place within the same medium which
is ujed as the insulation medium (and invease of liquids also as the lubrication medium) and
cauges a degradation of the medium.

Vacyum type tap-changers are not completely under vacuum, but they are equipped |with
vacuum interrupters (VIs) whichybreak and make the load and circulating currents. Howegver,
the Ml housing is sealed(and therefore the degradation of the surrounding medium is
minimized.

6.1.2 Principles of ‘operation
6.1.2.1 Resistor types

6.1.2.1.1 General

Resistof» type OLTCs are realized either as devices with a diverter switch [(see
IEC 662t4=120t4,3-5;—or HEEE St €57 1312012, —Cilause 3)—=and—tap——setector—(see
IEC 60214-1:2014, 3.4, or IEEE Std C57.131) or as selector switches (IEC 60214-1:2014, 3.6,
or IEEE Std C57.131-2012, Clause 3). Such devices can be designed as:

— non-vacuum type on-load tap-changer (see 6.1.2.1.2);
— vacuum type on-load tap-changer (see 6.1.2.1.3).

In the diverter switch and tap selector concept, the switching operation is carried out by the
positioning of the tap selector followed by the movement of the diverter switch. The basic
mode of operation is exemplified in Figure 7 for a non-vacuum type diverter switch and tap
selector utilizing operating cycle number 1 (according to IEC 60214-1). The tap selector is
equipped with two independently movable contact decks. At first, that contact deck, which is
not carrying the through-current, is actuated directly by the motor-drive mechanism. The tap
adjacent to the tap in service will be pre-selected without any breaking or making of current
(see Figures 7 a) to c)) in a time span of some seconds. Then, the diverter switch transfers
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the load current from the tap in service to the pre-selected one in a time span of around
50 ms to 150 ms (see Figure 7 d) to Figure 7 i)). This action is actuated in most designs by a
spring-loaded energy accumulator, which will be wound up during the tap selector operation
and will be mechanically released when the tap selector operation is finished. For this load
transfer, the diverter switch of a non-vacuum type is equipped with main switching and
transition contacts made from copper or copper-tungsten alloys.

This concept of two consecutive steps of the tap selector and the diverter switch is used for
non-vacuum as well as for vacuum type diverter switch and tap selector designs. In vacuum
type tap-changers the main switching and transition contacts are replaced by vacuum
interrupters.

o o S
&i‘J 7\1" 7&1‘)

IEC

IEC IEC
a b c
(o2 O O
| o [H-$° [H>o-§°
| oH|I I ol o
O [e] O
o} 0 Q
RB RA RB RA RB RA RB RA ig) @ RB
le) (+] )ﬁ Q o o (o] [e]
JEC IEC IEC IEC IEC IEC
d e f q h i

Figure 7 — Operating sequence of a diverter switch (d to i) and tap selector (a to c)
(non-vacuum type diverter switch with operating cycle number 1)

The selector switch concept combines the aforementioned two moves of operation in one
movement, in one device. Figure 8 exemplifies the operation order of contacts for a non-
vacuum type selector switch utilizing operating cycle number 1 (see IEC 60214-1).
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Figure 8 — Operating sequence of a selector switch (a to e)
(non-vacuum type selector switch with operating cycle number 1

6.1.2.1.2 Non-vacuum types
6.1.2.1.2.1 General

Non{vacuum type OLTCs with the resistor switching principle accotdirg to IEC 60214-1:2014,
3.2, mostly operate utilizing one of the following three basic switchinig modes:

1) diverter switch (Figure 9 a)) or selector switch (Figur&.9 b)) utilizing operating ¢ycle
number 1, formerly known as "flag cycle" operation (6:1:2.1.2.2);

2) diverter switch (Figure 9 a)) utilizing operating~€ycle number 2, formerly known as
symmetrical pennant cycle" operation (6.1.2.1.2)3);

w
~
[V}

elector switch (Figure 9 c)) utilizing operating cycle number 2, formerly known as
asymmetrical pennant cycle" operation (6.1:2.1.2.4).

Y Y Y Y Y Y Y Y Y YT
- E o E -
— = -
AABA C S AT
R R R
1 1
IEC IEC
a b c

Figure 9 — Diagram of connections of non-vacuum, resistor type on-load tap-changers
(IEC 60214-1:2014, Table A.1, or IEEE Std C57.131-2012, Table A.1)

The [formerly used designations "flag cycle", "symmetrical pennant cycle" and "asymmefrical
pennant CycCle™ arise from the appearance of the vector diagrams showing the change in
output voltage of the transformer in moving from one tap position to the adjacent one (see
IEC 60214-1:2014, Figure A.1, or IEEE Std C57.131-2012, Figure A.1).

6.1.2.1.2.2 Diverter or selector switch with operating cycle number 1
(formerly known as flag cycle)

Figure 9 a) and Figure 9 b) show the diagrams of connections of these designs, which
minimally incorporate diverter switch or selector switch main switching contacts (W and Z, B),
diverter switch and selector switch transition contacts (X and Y, A and C) and two transition
resistors (R). The step voltage is indicated with E.
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A tap-change operation is performed by diverting the through-current from the main switching
contacts before the circulating current starts to flow; this mode of operation can be referred to
as "break-before-make operation" according to the contact operating order.

NOTE This cycle calls for a through-current connection being at the midpoint of the transition impedance when it
is carrying the circulating current.

The order of contacts as well as the duty of the main switching and transition contacts is
described in detail in IEC 60214-1:2014, Figure A.1a and Tables A.1 and A.2, or
IEEE Std C57.131-2012, Figure A.1 and Tables A.1 and A.2.

6.1.271°23 Diverter switch with operating cycle number 2

(formerly known as symmetrical pennant cycle)

This|design consists of the same elements as described in 6.1.2.1.2.2 and usesithe dame
diagfam of connections (Figure 9 a)).

In tgp-change operations following this operating cycle, the circulating currént starts to|flow
befofe diverting the through-current from the main switching contacts; this mode of operation
can pe referred to as "make-before-break operation" according to the contact operating order.

NOTH This cycle calls for a through-current connection being at the midpoijnt of the transition impedance when it
is carfying the circulating current.

The |order of contacts as well as the duty of the main switching and transition contacts is
desdribed in detail in IEC 60214-1:2014, Figure(A.1Tb and Tables A.1 and A.2| or
IEER Std C57.131-2012, Figure A.2 and Tables A.1 and A.2.

6.1.2.1.2.4 Selector switch with operating.cycle number 2
(formerly known as asymmetrical pennant cycle)

The diagram of connections of this desiga,is shown in Figure 9 c¢), which usually incorporates
a se|ector switch main switching contaet (T), a selector switch transition contact (S) and| one
trangition resistor (R).

Tap-change operations following" this operating cycle use the two above-mentioned methods
(6.1.R2.1.2.2, 6.1.2.1.2.3) déepending on the direction of movement. In one direction, the
circylating current starts_ to flow before the through current is diverted from the main switdhing
contacts ("make-before-break operation"), while in the opposite direction of movement| the
throyigh-current is diverted before the circulating current starts to flow ("break-before-make
operption").

NOTH 1 This gycle calls for a through-current connection being at one end of the transition impedance when this
is carfying the\cirCulating current.

NOTH 2/ Nen-vacuum type tap-changers employing the selector switch operating cycle number 2 are often|used
with lpadflow in one direction only.

The order of contacts as well as the duty of the main switching and transition contacts is
described in detail in I|EC 60214-1:2014, Figure A.1c and Tables A.1 and A.2, or
IEEE Std C57.131-2012, Figure A.3 and Tables A.1 and A.2.

6.1.2.1.3 Vacuum types
6.1.2.1.3.1 General

Vacuum type OLTCs with the resistor switching principle according to IEC 60214-1:2014, 3.3,
mostly operate utilizing the following basic switching modes:

— diverter switch with one transition resistor and two vacuum interrupters (Figure 10 a))
utilizing operating cycle number 1 or number 2 (see 6.1.2.1.3.2);
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— selector switch with one transition resistor and two vacuum interrupters (Figure 10 b))
utilizing operating cycle number 1 (see 6.1.2.1.3.3);

— diverter switch with two transition resistors and three vacuum interrupters (Figure 10 c))
utilizing operating cycle number 1 or number 2 (see 6.1.2.1.3.4);

— selector switch with two transition resistors and three vacuum interrupters (Figure 10 d))
utilizing operating cycle number 1 (see 6.1.2.1.3.5);

— diverter switch with two transition resistors and four vacuum interrupters utilizing operating
cycle number 1 or 2 of the non-vacuum type diverter switches (see 6.1.2.1.3.6).

NOTE 1 The operating cycles number 1 and 2 according to IEC 60214-1 are defined differently for diverter and

ol £ 4L L docs
selecfor-switches—of-the—severat CeSToS:

NOTH 2 While the configurations/designs mentioned 6.1.2.1.3.1 are specifically noted in IEC 60244~1, |other
optionps are certainly possible.
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Fjgure 10 — Diagram of connections of vacuum, resistor type on-load tap-changers
(IEC 60214-1:2014, Table A.3)

6.1.2.1.3.2 Diverteriswitch with one transition resistor and two vacuum interrupters
utilizing operating cycle number 1 or number 2

This|diverter switeh.design (Figure 10 a)) usually incorporates one transition resistor (R), one
vacyum interrupter acting as main switching contact (V,,), one vacuum interrupter acting as

trangition contact (V) and at least two auxiliary contacts (auxiliary transfer switches A, A;).

The |diverter switch operation of operating cycle number 1 is performed by diverting the
thl’O g;l'bullUllt fIUIII tilU llld;ll DVV;tb;Iillg vVdCUUuulrl ;IItUlluthI IL.JUIIUIU tiIU bilbuidt;llg Cu lent
starts to flow; this mode of operation is also called "break-before-make operation" according
to the switching element operating order and is similar to the flag cycle.

The same design can be used to perform diverter switch operations according to operation
cycle number 2. Here, the circulating current starts to flow before diverting the through-current
from the main switching vacuum interrupter; this mode of operation is also called
"make-before-break operation" according to the switching element operating order and is
similar to the pennant cycle.

NOTE These cycles call for the path with the main switching vacuum interrupter as well as the path with the
transition vacuum interrupter each to be equipped with at least one auxiliary transfer contact.

The order of switching elements as well as the duty of the main switching and transition
contact vacuum interrupter is described in detail in IEC 60214-1:2014, Table A.3.
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6.1.2.1.3.3 Selector switch with one transition resistor and two vacuum interrupters
utilizing operating cycle number 1

This selector switch design (Figure 10 b)) usually incorporates one transition resistor (R), one
vacuum interrupter acting as main switching contact (V) and one vacuum interrupter acting

as transition contact (V,). This selector switch design needs no auxiliary transfer contact, but
two selector contacts (S, S;).

The selector switch operation is performed in one switching direction by diverting the through-
current from the main switching vacuum interrupter before the circulating current starts to flow
("brg e-f i e-direeti he—th et tregrted
from|the main switching vacuum interrupter after the circulating current started to flow ‘("rhake
befofe break operation"). This operation is similar to the asymmetrical pennant cycle;

cl v, O & OP atrO T OPPO G © wawAw o v v, C

The |operation order of switching elements as well as the duty of main switehing vaquum
interrupter and transition contact vacuum interrupter is described\” in detai|l in
IEC p0214-1:2014, Table A.3.

6.1.2.1.3.4 Diverter switch with two transition resistors and three vacuum
interrupters utilizing operating cycle number 1%t humber 2

This|diverter switch design (Figure 10 c)) usually incorporates two transition resistors (R),| one
vacyum interrupter acting as main switching contact (V,,)«two vacuum interrupters acting as

trangition contact (V,, Vi¢) and at least one auxiliary contact (auxiliary transfer switch A,}.

The description of the diverter switch operations canibe taken from 6.1.2.1.3.2.

6.1.2.1.3.5 Selector switch with two transition resistors and three vacuum
interrupters utilizing operating cycle number 1

This|selector switch design (Figure 10.d)) usually incorporates two transition resistors (R)| one
vacyum interrupter acting as main switching contact (V,,) and two vacuum interrupters agting

as trpnsition contact (Vy4, Vi). This'selector switch design needs no auxiliary transfer contact,
but three contacts acting as tap.selector (S, Sy, Syo).

The |selector switch operation is performed by diverting the through-current from the main
swit¢ghing vacuum intérrupter before the circulating current starts to flow; this mode of
operption is also called "break before make operation" according to the switching element
operpting order.

The jorder of switching elements as well as the duty of the main switching vacuum interryipter
and | trafsition contact vacuum interrupter is described in detail in IEC 60214-1:2014,
TablpAC3.

6.1.2.1.3.6 Diverter switch with two transition resistors and four vacuum
interrupters utilizing operating cycle number 1 or 2 of the non-vacuum
type diverter switches

This diverter switch design (similar to Figure 9 a); contacts W, X, Y and Z are replaced by
vacuum interrupters) usually incorporates two transition resistors, two vacuum interrupters
acting as main switching contact, two vacuum interrupters acting as transition contact and
does not necessarily need an auxiliary transfer contact. The method to perform the tap-
change operation is very close to that of the non-vacuum diverter switch utilizing operating
cycle number 1 or 2.

The description of the diverter switch operations can be taken from 6.1.2.1.2.2 in case of
operating cycle number 1 and from 6.1.2.1.2.3 for operating cycle number 2.
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6.1.2.2 Reactor types
6.1.2.2.1 General

Reactor type OLTCs can employ either a diverter switch (also known as arcing switch) and a
tap selector or selector switches (also known as arcing tap switch). Furthermore, reactor type
OLTCs can be designed as:

— non-vacuum type on-load tap-changer (see 6.1.2.2.2);

— vacuum type on-load tap-changer (see 6.1.2.2.3).

Figu ato terure TOW Te—switenmg—se . 1ot g ygition
through a bridging position to the next non-bridging position as examples for a diverter-switch
and fap selector design. In contrast to resistor type tap-changers, which make two moves| and
only|load one selector arm when on position, the reactor type tap-changer uses.thtee mpves
for g tap-change operation from a non-bridging to a bridging position, or vice/versa,|and

alwalys loads both selector arms when on position.

In thie first move, the diverter switch transfers the through-current from two parallel branghes
into |one branch by opening one transfer switch (Figure 11 b)).,Then, the tap selector,
equipped with two independently movable contact arms, moves the ‘now unloaded arm t¢ the
next|adjacent tap. This pre-selection is therefore accomplished\without making or bregking
any furrent (Figure 11 c)). Subsequently, in the third move, the/open diverter switch clgses,
dividing the through-current again into two parallel branches.(Figure 11 d)). This leaves [both
partg of the diverter and the selector carrying current in this bridging position, which caer be
used as a service position. This sequence is esséentially repeated, as can be segn in
Figure 11 d) to Figure 11 g), to reach the next non-bridging service position.

PA PA

IEC IEC IEC IEC

PA PA

IEC IEC

e f g

Figure 11 — Operating sequence (a) to g)) of a diverter switch and tap selector
(non-vacuum type)

6.1.2.2.2 Non-vacuum types
6.1.2.2.2.1 General

Non-vacuum type OLTCs with the reactor switching principle according to IEC 60214-1:2014,
3.2, mostly operate according to the following basic switching modes:

— arcing tap switch (Figure 12 a));


https://iecnorm.com/api/?name=d9b824ac0c085390705e03bf6cc37586

IEC/IEEE 60214-2:2019 © IEC/IEEE 2019 - 27 —

— arcing tap switch with equalizer windings (Figure 12 b));
— arcing switch and tap selector (Figure 12 c)).

IEC IEC IEC

a b c
Figure 12 — Diagram of connections of non-vacuum, reactor type on-load tap-changers
(IEC 60214-1:2014, Annex B, or IEEE Std C57.131-2012/Annex B)

IEC p0214-1:2014, Annex B or IEEE Std C57.131-2012, Annex'B, shows in full detail the
diagfams of connections, operating sequence and duty .@n, switching contacts for these
designs of reactor type tap-changers.

6.1.2.2.3 Vacuum types
Figure 13 shows the diagram of connections of alvacuum interrupter and tap selector design.

IEC p0214-1:2014, Annex B or IEEE Std C57.131-2012, Annex B, shows in full detail the
operpting sequence and duty on the vacuumr-interrupter for this design.

NOTH The contacts G and H in Figure 12 c) caf?be vacuum interrupters.

Figure 13 — Diagram of connections of reactor type on-load
tap-changer with vacuum interrupter and tap selector
(IEC 60214-1:2014, Annex B, or IEEE Std C57.131-2012, Annex B)

6.1.3 Physical layouts
6.1.3.1 General

Tap-changers are mounted within the transformer tank (in-tank tap-changer) or in their own
housing outside the transformer tank (compartment type tap-changer). The in-tank
tap-changer is immersed in the liquid of the transformer whereas the compartment type
tap-changer is immersed in its own liquid. Thus the tap-changer environment is different with
respect to IEC 60214-1 or IEEE Std C57.131. For in-tank tap-changers, the environment is
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defined as the liquid of the transformer and for compartment type tap-changers it is defined as
the ambient air outside the housing.

Tap selectors typically include the change-over selector, if provided.

For both types, to avoid exchange of gases (dissolved or free) between the OLTC and the
transformer, it is recommended to use separate conservators and breathing pipes for the
diverter or selector switch compartment(s). It could be considered, as a precaution against
possible leaks, that the diverter or selector switch conservator should be lower than that of
the main tank to ensure positive pressure and prevent migration of contaminated liquid into
the main tank

6.1.3.2 Compartment type tap-changers
6.1.3.2.1 General

Thege tap-changers are self-contained in their own tanks and mounted on‘the side or end of
the fransformer. The taps from the transformer regulating winding are) taken to the tap
selegtor contacts through a barrier board (component of the on-load” tap-changer). (It is
recommended to use a liquid-tight barrier board to isolate the liquid rom the tap-changer from
the fransformer main tank. Compartment type tap-changers are<equipped with a separate
congervator or a gas space at the top of the OLTC compartment.

Comfpartment type on-load tap-changers generally have thefollowing features:

hey are easier for the user to maintain. Access)to the complete tap-changer ang all
ontacts is obtained by removal of inspection eovers or doors. Care should be taken to
void damage to the barrier board from static pressure in the main tank of the transformer.

1
g

e
Because the tap selectors are always in acseparate chamber from the main tank, the PGA
df the transformer is not affected by capacitive sparking of the change-over of selé¢ctor
gontacts.

Transformer main tank size and liquid volume can be minimized.
T
o
C
o

hey offer a plane and well defined location (barrier board) for the winding conductofs to
e connected.

ue to voltage clearancé considerations, compartment type on-load tap-changers may not
e practical for line-end,applications above 145 kV.

Two|types of compartment tap-changer arrangements are considered as shown in Figurg¢ 14.
The |descriptions ,inn6.1.3.2.2 and 6.1.3.2.3 are generally valid for both switching princ|ples
(resiptor and reagctor) and interrupting media (liquid and vacuum). The reactor is not shown in
Figure 14 but-would be located in the main transformer tank, typically in the immediate viginity
of the barrierboard to the OLTC. For the sake of simplicity, the term "diverter switch" will|also
designaté the so-called arcing switch used in some reactor type OLTCs.

6.1.3°2.2 Single compartment

In this type of tap-changer layout, tap selectors and diverter switches, or selector switches are
contained in a single compartment and therefore share the same insulating liquid such as
illustrated in Figure 14 a) where the motor-drive is schematized on the side of the
compartment. Another common arrangement is to have the motor-drive underneath the
compartment.

The main features of this design are:

— Simplicity and compactness, therefore it is often more cost-effective.
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— The tap selector is in contaminated liquid, so the resulting reduction in voltage breakdown
capacity of the liquid will usually limit the use of single compartment OLTCs to the smaller
voltage class transformers. The restriction does not apply, of course, for vacuum switching
principles for which carbon contamination is not an issue.

6.1.3.2.3 Separate tap selector and diverter switch compartments

To overcome the issue of liquid contamination with non-vacuum switching OLTCs in single
compartments as described in 6.1.3.2.2, a common arrangement is to separate the diverter
switches and the tap selectors into two different compartments, normally standing on top of
each other such as illustrated in Figure 14 b). A possible variant of this layout is to have the

diverter compartment underneath-the tap selector compartment.

The main features of this design are:
— Ipcreased insulation capabilities for use on higher voltage class transformers,at the cdst of
g higher complexity.
— DGA monitoring can be carried out in isolation, allowing early diagnosis of tap selé¢ctor
groblems and the ability to differentiate between tap selector and diverter switch defedts.
— 1§ can minimize liquid handling during the maintenance activity ©¥,giving users the ability
tp choose to carry out maintenance on one or both chambers:
| | [ ] 5
/6
14 f \
f u i -
i T 5+6 or¥ / \‘ 4
/ 2 3 1 2
IEC
1
IEC
a) Single compartment b) Separate tap selector and diverter switch
compartments
Key
1 1 Transformér-windings 5 — Diverter switch
2} Tap leads 6 — Tap selector
3 | Liguid-'and gas-tight barrier 7 — Selector switch
4 + Motor-drive mechanism

Figure 14 — Common layouts for compartment type tap-changers

6.1.3.3 In-tank type tap-changers
6.1.3.3.1 General

As their name implies, these tap-changers are fitted inside the transformer. To avoid
contamination (carbon, gases, etc.) of the liquid in the transformer tank, the diverter switch (or
selector switch) is usually housed in a separate, leak-proof compartment inside the
transformer main tank (see Figure 15 a), Figure 15 b), or Figure 15 d)) or in a separate tank
(see Figure 15 c)).
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NOTE Although the carbonization is the critical issue, gas-tight compartments can still be deemed necessary for
vacuum type tap-changers because of minimum gassing that would interfere with the transformer main tank DGA
monitoring.

In-tank tap-changers have the following features:

— They are usually more suitable for the higher voltage class line-end applications.

— They can also benefit the transformer manufacturer by allowing the tap-changer to be
connected to the transformer prior to processing.

— For a given power rating, the diverter or selector switch liquid volume of an in-tank
tap-changer is generally smaller than in compartment type tap-changers. This will reduce
tiretquidtrandtng effort durmg mmaimtemance:

he diverter switch can easily be replaced or swapped out with a reserve unit for'minimal
utage time. However, accessing the top of the transformer can require work at\signiffcant
eight.

Vhere in-tank tap-changer types have their tap selectors and, in particular; their chalhge-
ver selectors operating in the same liquid as the transformer, the DGA of the transfoymer
an be influenced by capacitive arcing from the contacts. Small~amounts of gagses
ncluding acetylene) can indeed develop under normal conditionsiin the main tank die to
he change-over selector operations.

|
S~ 0 0 < JO

Thege designs are almost exclusively used for resistor type(tap-changers. Three typgs of
in-tapk arrangement are described below and illustrated in Figare 15.

NOTH The only in-tank design application that has a reactor switching principle is a step-voltage regulatgr (for
more [information, see IEC 60076-21 or IEEE Std C57.15).

6.1.3.3.2 In-tank diverter switch-type tap-changers

Unlelss otherwise agreed between the transformer manufacturer and the purchaser, the tap
seleg¢tors may be located within the mainxtransformer liquid. With this type of tap-chanpger,
sepdrate tap selectors are mounted underneath the diverter switch and operate in the game
liquig as the transformer.

It is recommended to use diverterswitches mounted in liquid-tight insulating compartments.
Thege compartments isolate the dissolved gases and particles, which have developed during
swit¢hing operations, from the transformer liquid. Usually the diverter switch compartment is
equipped with a separate conservator.

Generally, this type/oftap-changer is used for the higher MVA ratings and voltage classeq.

6.1.3.3.3 In-tank diverter switch-type tap-changer with barrier board

By dsing-an in-tank tap-changer in a separate housing with a liquid-tight barrier bjoard
betv\‘leen the tap-changer and the transformer, the liquid volumes of the transformer main [tank
and ' :

a) the same conservator can be used for both liquid volumes;

b) increased accuracy in DGA monitoring can be achieved if the two liquid volumes are piped
to separate conservators;

c) the housing and barrier board can be designed in such a way that:
e the housing can be removed, for example for transportation restrictions;
e servicing can be performed on the tap selectors without draining the main tank and
exposing the active part to the environment.

A variant of this arrangement includes a partial barrier board such as illustrated in
Figure 15 d). Compared to the complete board, this arrangement will simplify the piping to the
main conservator, and possibly reduce overall transformer size and liquid volume. On the
other hand, possible gassing from the tap selector and/or change-over selector will mix with
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the main tank liquid and therefore DGA interpretation will be as it is in the case without barrier
board.

6.1.3.3.4 In-tank selector switch tap-changers

In-tank selector switch tap-changers carry out their selection and switching in the one
compartment using the same contacts and liquid. It is recommended to use selector switches
mounted in liquid-tight insulating compartments. These compartments isolate the dissolved
gases and particles, which have developed during switching operations, from the transformer
liquid. The change-over selector can be either within or outside the selector switch
compartment. In the latter case, the transformer main tank DGA monitoring can be affected.
Usudlly the selector switch compartmentis equipped with a separate conservator.

This|type of tap-changer tends to be used for the lower MVA and voltage class transformers.
It offers a very compact design for tap-changers for line end applications.

(3)

complete barrier hoard

IEC

a) In-tank diverter switch-type tap-changer

IEC

In-tank diverter switch-type tap-changer with

b) In-tank selector switch tap-changer

d) In-tank diverter switch-type tap-changer

Key

1 — Transformer windings
2 — Tap leads

3 — Barrier board

4 — Motor-drive mechanism

Figure 15 — Common layouts for in-tank-type tap-changers

5 — Diverter switch
6 — Tap selector

7 — Selector switch

IEC

IEC
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6.1.3.3.5 Integrated tap-changer

The integrated tap-changer consists of a diverter switch and tap selector and represents an
advancement of the conventional in-tank diverter switch-type tap-changer. The integrated
OLTC is located directly in the main tank of the transformer without separate diverter switch
compartment. To avoid contamination of the liquid in the transformer tank, the diverter switch
should be designed so that no arcing during tap-change operation occurs in the insulating
liquid (e.g. by vacuum interrupter).

Integrated tap-changers have their tap selectors and, in particular, their change-over
selectors (as most of the in-tank tap-changers) operating in the same liquid as the
trangformer, which can influence the DGA of the fransformer due o capaciiive arcing from the
contacts. As there is no diverter switch compartment present, the transition resistors of the
diverter switch can influence the DGA as well due to heating.

Today the integrated tap-changer is mainly used for smaller MVA ratings and voltage clasfes.

6.2 | De-energized tap-changers (DETCs)
6.2.1 General

The | de-energized tap-changer is designed to change tap~c¢onnections only while| the
trangformer/reactor is de-energized.

This|is achieved with mechanically operated devices/that will select the various taps.| The
fixed contacts can 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 unit$ are
alsolavailable.

This| type of tap-changer is usually mounted inside the transformer tank with the drive
mechanism mounted on the transformer lid or on the wall of the transformer tank.

6.2.2 Types of DETC

Varipus physical arrangements-of DETCs are available to integrate into the wide variefy of
trangformer designs. Some/DETC designs are arranged in a mechanically linear (see 3/1.1)
fashlon while others are afranged in a mechanically rotary (see 3.1.2) fashion. These
conflgurations can be made up of multiple groups of the mechanically linear or mechanigally
rotany configuration formultiple phases or groups of taps.

6.2.3 Location:of DETC in the transformer tank or enclosure

6.2.3.1 General

Withjn<a transformer enclosure the Iocatlon of the DETC is determined by a number of

core and corl assembly W|th a handle comlng out in a var|ety of Iocat|ons A Iocat|on d|rectly
above the core and coil assembly locates the DETC in one of the hotter areas inside the
enclosure or transformer tank as this is directly above the heat source of the core and coil
assembly. While the temperature at this location does not approach the hot spot of the
windings, a determination of the expected temperature can be required to evaluate the
suitability of a specific DETC for the application based on the dielectric components' suitability
to the temperature. The temperature class of the DETC dielectric materials can be below
those required within the transformer winding.

The DETC can also be located beside the core and coil on one end or another similar to an
in-tank OLTC (Figure 15 a) — 6.1.3.3).
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Example Location of the DETC Notes

DETC located above the core and coil assembly with
drive on short tank sidewall

IEC

DETC mounted from the cover of the transfoh@r
above the core and coil with the drive onﬁ;@tanl«

IEC \b‘fb |
@Qq’
<&

DETC mounted %;ig/support structure near the
t

core and coil wij drive on the tank cover

&

IEC

Qj\ DETC mounted in the middle of the core and coil
\Q with the drive on the short tank sidewall
R

R\
faY

DETC units driven from the bottom of the short tdnk
sidewall

Q@ | IEC

DETC driven from the top of the long tank sidewq!

DETC mounted on a tank sidewall

Figure 16 — Common arrangements of DETCs in the transformer main tank
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6.2.3.2 Dry-type transformers

Besides the locations described in Figure 16, the DETC can also be located and mounted on
a support structure beside the coil (between the coil and enclosure panels) or it can be
located and mounted directly on a side enclosure panel. Arrangements can be made for the
location of the DETC and the operating handle on any enclosure panel. Location in these
areas reduces the temperature requirements of the DETC dielectric components as this area
will typically be at a cooler temperature than that above the core and coil. A lower
temperature requirement for the DETC may allow the required temperature class of the DETC
dielectric materials to be below that required within the transformer winding or even below
that required for a DETC located directly above the core and coil assembly.

6.2.3.3 Liquid-filled-type transformers

Besifles the locations described in Figure 16, the DETC can also be located and, mountejd on
a support structure beside the coil (between the coil and transformer tank sidewall) or if can
be Iqcated and mounted directly on a tank sidewall or even fixed to the cover,'Cover mounted
tap-¢hangers (often found in submersible-type transformers) should be designed to acgount
for the minimum oil levels of the specific unit. It is also possible to locateithe DETC above the
core|and coil assembly and provide an operating mechanism on the‘cover. In this case| the
DETEC will be located in an area below the minimum oil level, but &valuation of the posgible
effegt of the minimum oil level should still be considered. Since\this locates the DETC ih an
area| with possibly the highest (or at least one of the highest) oiltemperatures in the unit}, the
suitgbility of the DETC dielectric materials should be considered and this evaluation should
include the expected temperature rise of contacts under lgad conditions.

Locqting the DETC on a support structure in a manper.that lowers the position of the swit¢ch to
cooler oil, can allow better overload characteristics for a specific switch. It can also allow
locafion of the operating handle at a height mote directly accessible to ground level operation
withgut additional drive features. Arrangements can be made for the location of the DET( and
the gperating handle on any desired sidewall. or even the cover of the transformer. Locatipn in
thesg areas reduces the temperature requirements of the DETC dielectric components aq this
area| will typically be at a cooler tempgerature than the one directly above the core and cgil. A
lowelr temperature requirement for the*'DETC may allow the required temperature class of the
DETE dielectric materials to be below that required within the transformer winding or gven
belo that required for a DETCocated directly above the core and coil assembly.

6.3 | Tap-changer environment
6.3.1 Liquid immersed tap-changers

6.3.1.1 General

Liquld-immersed tap-changers cover all the types described in 6.1 and 6.1.3.3.5 that requjire a
liquig for-establishing their functions. A typical, and the most common, liquid is mineral oil
(transformer oil) according to IEC 60296 or ASTM D3487. Other types of liquids ma
emp . X oo : i
consideration. If nothing else is stated, data given from the OLTC manufacturer are valid in
mineral insulating oil.

6.3.1.2 Liquid immersed OLTCs

The liquid used for on-load tap-changers, as well as having electrical insulation and switching
functions, also acts as a lubricant and coolant. The most commonly used liquid for tap-
changers is mineral oil according to IEC 60296 or ASTM D3487. Although this oil has
relatively poor lubricating properties, it is nevertheless essential for the mechanical operation
of the tap-changer. It is therefore recommended that the tap-changer manufacturer be
consulted before operating mechanically off circuit in a non-immersed (unfilled) condition.

Other liquids that are sometimes used in transformers for fire-retardant and environmental
purposes may not be suitable for on-load tap-changers. Silicone liquids have very poor
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lubricating properties and no arc-quenching ability and are usually not suitable for on-load
tap-changers. Esters and other liquids can be suitable for some tap-changer models. The
temperature operating range can be restricted due to higher viscosities than mineral oil at
lower temperatures. For the above liquids, possible modifications of ratings and admissible
withstand voltages should also be considered.

Where a liquid other than mineral oil according to IEC 60296 or ASTM D3487 is being
considered, the 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 insulating liquid accarding to IEFC 60296 with | CSFT of at the mast =30 °C_For
temperatures below -25 °C, the tap-changer manufacturer can recommend a lower viscpsity
liquidl, the installation of heaters in the switching and mechanism compartments~or other
precputions to prohibit tap-changing while below a given temperature limit.

Whefe temperatures below -25 °C are envisaged, the tap-changer manufacturer should be
conglulted.

6.3.1.3 Liquid immersed DETCs

Liquld-immersed de-energized tap-changers are tested to operate.\in mineral oil according to
IEC p0296 or ASTM D3487; however, in service they can be’required to operate on|one
posifion for long periods of time, and, if operating in high liguidtemperatures, pyrolytic cafbon
(cok|ng) can eventually form on the contacts. For this reason, a lower temperature rise Value
is sfipulated in IEC 60214-1:2014, 7.2.2, or IEEE Sid C57.131-2012, 7.2.2. The typge of
matgrial used for the contacts should be suitable~for the intended application. Prolonged
operption on one position can influence the .p¥Vrolytic carbon formation; hence, dilver
platipg/silver plating, silver plating/copper, copper/copper and copper/brass contact matgrials
can pe preferable.

Duripg transformer maintenance, it is recommended that the de-energized tap-changegr be
operpted to clean the contacts (see 12.2/3).

Unlike liquid-immersed on-load. tap-changers, de-energized tap-changers do not requirg arc
querjching or good lubricating.properties. For these reasons, the use of many different types
of fige-retardant liquids is possible. For liquid temperatures below -25 °C, the DETC sHould
not e operated in consideration of possible mechanical issues.

Silicpne liquids, esters and other liquids can be suitable for some DETC. The temperature
operpting range \can be restricted due to higher viscosities than mineral oil at Ipwer
temperatures.Eor the above liquids, possible modifications of ratings and admisgible
withgtand voltages should also be considered.

Whefela-liquid other than mineral oil according to IEC 60296 or ASTM D3487 is Heing
considered, the tap-changer manufacturer should he consulted to establish its suitability |

6.3.2 Dry-type tap-changers (OLTC and DETC)

Dry-type tap-changers are usually used in conjunction with dry-type transformers. This type of
tap-changer has several advantages compared to the conventional tap-changer in mineral oil
such as reduced fire and environmental hazards.

Dry-type tap-changers, when exposed to external air, require special considerations. If
lubrication is needed, it is achieved by the application of grease on the movable mechanical
parts. Usually, the lubrication measures have to be repeated during maintenance work. In
order to reduce the need for frequent lubrication measures, contacts, bearings and gears are
specially designed to significantly reduce mechanical fatigue and the necessary mechanical
torque. Consult the tap-changer manufacturer's instructions.
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The following 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 totally enclosed dry-type transformers

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

b) 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.

c) ry-type tap-changers for non-enclosed dry-type transformers

—]

he tap-changer is used in conjunction with a transformer which is installed withqut a
drotective enclosure (mainly indoor applications). The dry-type tap-changer caf‘havie its
wn enclosure (usually a ventilated enclosure).

O

The |purchaser of the tap-changer should verify suitability when choosing an\appropriate|dry-
type| tap-changer for a certain application to fully meet the service condition requirements
accarding to IEC 60076-11 or IEEE Std C57.12.01 once the chosen tap=Changer has been
incofporated in the transformer design. In the case of dry-type on-load/tap-changers, it has to
be cpnsidered that despite the use of vacuum interrupters as switching elements in common
designs, arcing and hot spots can occur at, for example:

— dhange-over selectors (if applicable);
— dommutation sparks at non-enclosed mechanical switching elements (if applicable);

—

bmperature rise of the transition resistors.

Dry-type on-load tap-changers that are not totally enclosed are not suitable for uge in
explpsion hazardous areas.

6.3.3 Gas-immersed tap-changers (SFg-insulated tap-changers)

6.3.3.1 General

SFg1insulated tap-changers include as liquid-immersed tap-changers:

@]

n-load tap-changer (OLTIC); and

Q.

e-energized tap-changer (DETC).

Currpnt SFg-insulated OLTC designs make use of the resistor switching principle with vaquum
interfupters.

Moigture contént is very important and should be controlled. Monitoring, for instance, can be
dong through dew point measurements. Desiccants (such as zeolite) are often used in the
diverter switch compartment to ensure adequate SFg-insulation performance.

Possible effects of sparks or hot spots should be considered, as SFg gas can decompose. It
can be assumed that no decomposition of the SFg will take place below 150 °C. At
temperatures higher than 180 °C, some metals can have a decomposing effect on the SFq. At
temperatures of 500 °C and higher, SFy gas starts to decompose into its constituent

elements, with the decomposition process being directly proportional to the quantity of energy
converted.

Decomposed SFg contains toxic components. Therefore, adequate precautions should be
taken to ensure the safety of personnel when handling SFg, for example during maintenance
work.
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SFg insulated tap-changers need to be incorporated in a pressurized SFg-filled enclosure.
There are two main types of construction in use as described in 6.3.3.2 to 6.3.3.4.

6.3.3.2 In-tank SF¢ tap-changers

The diverter switch and selector switch arrangements are identical for SFg as for liquid
applications as shown in Figure 15 a) and Figure 15 b).

The SFg pressure in the diverter or selector switch compartment is limited to a level typically

lower than in the main tank to accommodate the operating requirements of the vacuum
interfupters (e.g. opening of the VI). There is a resulting pressure difference that should not
excded the compartment's withstand capability. Accordingly, pressure in the majn™tank is
limitgd and therefore these arrangements are not typical where higher transformerpressure is
requjred. Maintenance of the diverter or selector switch can normally be carried out wifhout
reduging the gas pressure in the main tank.

6.3.3.3 Externally mounted diverter compartment with an in-tanktap selector and a
barrier board

Generally, this arrangement is used when higher transformer pressure is required. Thg tap
sele¢tor, which does not have a high pressure limit, is still mounted in the main tank, buf the
diverter switch compartment is mounted in an external container of lower pressure wlth a
prespure-tight barrier board to the main tank. In performing maintenance of the diverter
switgh, this arrangement also allows for the work to be carried out without reducing the| gas
prespure of the main tank.

Figure 17 shows a typical arrangement. A possible variant that offers more flexibility for the
instgllation is to have the tap selector mounted in a separate container which is dirgctly
conrlected with the main tank (communicating‘gas and pressure).
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1 Transformer windings 3 Gas-tight barrier 5 Diverter switch 6 Motor-drive mechanism
2 Tap leads 4 Tap selector 7 External container 8 Reduced part of the main tank

Figure 17 — Externally mounted diverter compartment
with an in-tank tap selector and a barrier board

6.3.3.4 Use of SFg gas with transformers and DETCs

SFg-insulated DETCs are installed in gas-filled power transformers similar to liquid immersed
DETCs as described in 6.2.3.
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SFg-insulated DETCs are in the same SFgz; gas atmosphere as the transformer and
considerations for SFg gas should be the same as for the whole transformer.

6.4 Other types
6.4.1 General

There are also other types of tap-changers not fully covered by the above types. The
standards, type and routine tests to be applied are those relevant for the design. Other tests
to fulfil the intention of the standards and to support the tap-changer manufacturer's technical
data of the products can also be made on the tap-changer.

In 6.%.2 to 6.4.5, some other types of tap-changers are described.

6.4.2 Electronic tap-changers

In ap electronic on-load tap-changer, the transferring of load from one tap to another is
performed by power electronics such as thyristors or IGBTs and therefére“no arcing will [take
place¢. In general, the electronic tap-changer is excellent in the durability of switching because
there¢ is neither consumption of contacts nor high speed operationAy,an energy accumulation
mechanism. The electronic tap-changer can be of a totally dry\type or have the electrgnics
immersed in liquid. It can be cooled by air or by some cooling system. At the time| this
docUment was written, the following two types of electronic tap-changers were available:

1) All semiconductors types

iverter switches and tap selectors consist ontynof power semiconductors integratgd in
ne unit. The power semiconductors are installed on each tap, and by switching operation
f these elements, it is possible to change directly to any tap. Today, these units are|only
sed in small capacity tap-changers, because the costs for the power semiconductors| and
ooling systems are presently extremely high.

arge-sized devices are needed in order to produce tap-changers with higher capacitigs.
2) Hlybrid types

he diverter switches consistvmainly of semiconductors, while the tap selectors| are
echanically of the same type as the tap selectors of conventional tap-changers. Thqg two
nits are separated. Thé power semiconductors are installed in place of the arc-switghing
gontacts or vacuum interrupters. Additional bypass contacts are often used in parallel to
the power semiconductors.

6.4.3 Step-voltage regulators

See [|[EC 6007621 or IEEE Std C57.15 for design and construction of step-voltage regulators
and their field_of application.

6.4.4 Advance retard switch (ARS)

The ARS allows the reversion of the polarity of the regulating voltage under load condition
without disconnecting the winding to be reversed and is primarily used in applications with
large regulating ranges, for example in PST-applications. Figure 18 a) shows an often used
winding scheme for dual core PSTs when using OLTCs with coarse/fine winding
arrangements to allow a reversion of the polarity. However, the ARS is also applicable in
single-core PSTs or it can be used in power transformers as a reversing change-over selector
to overcome high change-over selector recovery voltages (see 7.2.1.8).

A principle operation sequence of the ARS is shown in Figure 18 b) to Figure 18 d). In those
applications the winding to be reversed may not be excited (no voltage across the winding).
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Figure 18 — ARS application and mode/of operation in a PST
6.4.5 OLTCs for distribution transformers
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DETCs, which can, incgeneral, be used also for OLTCs for distribution transforfners

hned as integrated tap-changers.

switching principle is implemented as the known resistor or reactor switching t
6.1.2).

Dn-load-tap-changers

ypes

Geéneral

The OLTC should be chosen to suit the requirements of the application.

The responsibility for the correct selection and application of the fully assembled tap-changer

for a

7.2
7.2.1
7.2.1

given transformer lies with the manufacturer of the transformer.

Selection of OLTCs
Basic parameters

A General

The tap-changer should satisfy the conditions specified in 7.2.1.2 to 7.2.1.9, if applicable.
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7.2.1.2 Frequencies

OLTCs designed and tested according to IEC 60214-1 or IEEE Std C57.131 are suitable for
use in both 50 Hz and 60 Hz systems. For use with other frequencies (16 2/3, in railways, for
instance), the tap-changer manufacturer shall be consulted.

7.21.3 Currents
7.21.31 Rated through-current for the OLTC

The rated through-current of the tap-changer as defined in IEC 60214-1:2014, 3.29, or
IEEG—Ste 0 se-3;—shoutd—be—r S Tar—tf - ir m—the—highest
valu¢ of tap current tapped winding at the

loading. If different values of apparent power for the transformer are assigned under diff¢grent
circymstances, for example, with different methods of cooling, the highest of these valugs is
the rated power and, therefore, the basis for the rated through-current of the tap=changer.

7.2.1.3.2 Overload current

On-lpad tap-changers in accordance with IEC 6021441:2014, 5.2.2 or
IEEH Std C57.131-2012, 5.2.1 meet the overload requirements of IEC 60076-7 or
IEEH Std C57.91.

In 1EC 60076-7, different types of loading (normal cyclic loading, long-time emerggncy
loading, short-time emergency loading) are defined with respect to the time duration and the
maximum allowed currents within those periods.

Ovelcurrent conditions begin whenever the ‘rated through-current of the tap-changer is
exceleded (see also 7.4.8). The number of conSecutive tap-changes during overload should be
Iimi%d to the same number of operations*as is required to move from one end of thg tap
rangg to the other.

NOTH According to IEC 60214-1 or IEEE. Std C57.131 the rated through-current of the tap-changer is stated jon its
name]plate.

OLTLCs designed and tested according to IEC 60214-1 or IEEE Std C57.131 are able to
perform operations at a eurrent corresponding to at most twice the rated through-current at its
relejant rated step yoltage. Operations between 1,5 times and 2 times the rated through-
currgnt should be/Kept to a minimum while considering the temperature requirements
in7.4.7.2.

Wheh, for a\particular application, a transformer is to be subjected to loading conditiofs in
excgss of the limitations in IEC 60076-7 or IEEE Std C57.91, the tap-changer manufacjurer
shoyld¢be-asked to recommend a suitably rated tap-changer.

7.2.1.3.3 Short-circuit current

The short-circuit current of the OLTC as given in IEC 60214-1:2014, 5.2.4, or
IEEE Std C57.131-2012, 5.2.3, should not be less than that resulting from the overcurrent
condition due to an external short-circuit of the associated transformer as given in
IEC 60076-5:2006, 3.2 or IEEE Std C57.12.00.

The probability of a tap-changer operation under short-circuit conditions is very low (for EAF
transformers, see 7.3.4). Therefore, the on-load tap-changer is not required to be capable of
switching the short-circuit current. The tap-changer manufacturer is not responsible for an
operation of a tap-changer during short-circuit. Protective devices might be incorporated in
the system as described in 9.4.
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NOTE Take particular care to check this current on low-impedance, booster, phase-shifting transformers and
step-voltage regulators. In some instances, the fault-current value could dictate the choice of tap-changer.

7.21.4 Rated step voltage
7.21.41 General

The rated step voltage of the tap-changer (see IEC 60214-1:2014, 3.31, or
IEEE Std C57.131, Clause 3) 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 IEC 60076-1:2011, 5.4.3, or
IEEE Std C57.12.00 (see also the limits given in 7.2.1.5).

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

7.2.1.4.2 Varying flux and varying number of turns per tap

In applications with variable flux conditions, the tap changer will get;different stressgs in
diffefent tap positions. OLTCs in such applications require more specification parameters
compared to those for power transformers without variable flux conditions.

Transformers with variable flux can have step voltages and through currents with diff¢rent
valugs in each tap position. These values influence both the‘selection of the tap-changer as
well as the design of transition impedances.

For fransformers having regulating windings with adifferent number of turns between tags all
diffefent positions need to be evaluated. The mast severe condition should be found and be
the Qase for selecting the OLTC with respect tocthe breaking and dielectric stresses.

The |transformer manufacturer should supply the tap-changer manufacturer with dgtails
regalding the step voltage in each tapiposition, with a table showing the corresponding
currgnt and the number of turns between every tap and in the main winding, since it makes
the QLTC choice accurate.

7.21.5 Breaking capacity

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

A tap-changer_should be capable of normal operation at rated power under conditior|s of
"oveffluxing"_(see IEC 60076-1:2011, 5.4.3.). At full load, the value of voltage divided by
frequency<(V/Hz) should not exceed 105 % of the corresponding value at rated voltage| and
rated freqdency. Under no-load conditions, tap-changers should be capable of operation|at a
V/HZ up“to 110 % of the rated V/Hz.

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

For applications with varying currents and/or step voltages, the transition impedance should
be designed so that the switched current and the recovery voltage in the tap-changer do not
exceed those covered by the type tests.

NOTE In certain applications, such as furnace and rectifier transformers, the tap-changer can be called upon to
operate during periods of momentary overcurrent of two to three times the transformer's continuous maximum rated
through-current or distorted step voltage or current. This requires a higher breaking capacity than according to
rated values.

In case of distorted voltages and currents, the manufacturer should declare upon request the
influence of such voltages and currents on the breaking capacity.
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In case of oversaturation of the transformer core, high magnetizing currents can be present
and the tap-changer manufacturer should be consulted at design stage of the transformer.

Tap-changers intended to be used in transformers connected directly to generators in such a
way that they can be subjected to load rejection conditions should be able to withstand
1,4 times the rated voltage for 5s in accordance with IEC 60076-1:2011, 5.3. During such
periods of overvoltage, the breaking capacity should be considered carefully.

7.2.1.6 Insulation level

The following values occurring on all tap positions of the transformer should be checked
agaipst the tap-changer manufacturer's declared values in accordanceqy, |with
IEC p0214-1:2014, 5.2.8.2, or IEEE Std C57.131-2012, 5.2.6.3:

a) normal power-frequency operating voltages appearing on the tap-changer in Service.
b) AC voltages appearing on the tap-changer during tests on the transformer,

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

NOTH With some winding arrangements, the voltages appearing on the transformér can be abnormally|high,
for eample:

— neutral point taps in autotransformers;

ihe-end taps;
— spries or booster transformer arrangements.
Thesg voltages can be affected considerably by the choice of linéar, coarse/fine or reversing tap arrangenpents.

Methgds of catering for voltage variations which involve variations in'the magnetic flux in the transformer core can
also gffect the voltages appearing on various parts of the tap-changer (see IEC 60076-3 or IEEE Std C57.12.90).

Switching operations can cause very fast transient over-voltages in networks which can [lead
to very fast oscillating over-voltage stresses©n the tap-changer. These stresses have tp be
con%:dered when selecting the lightning impulse level of the tap-changer; they are not covered
by the switching impulse tests of the transformer which are performed in accordance |with
IEC p0076-3:2013, Clause 14 or IEEEStd C57.12.90.

When using alternative insulating.liquids, the tap-changer manufacturer should be consulted.

The| partial discharge .(PD) levels of tap-changers as given in I[EC 60214-1 or
IEER Std C57.131 shalltbe in line with the requirements for power transformers givgn in
IEC p0076-3 or IEEE(Std C57.12.90. However, distribution transformers, especially cast fesin
trangformers, often( have lower PD limits as power transformers. Therefore, the PD levgl of
tap-¢hangers shallkbe considered during selection.

Tap-changers-intended to be used in transformers connected directly to generators in such a
way |that"they can be subjected to load rejection conditions should be able to withgtand
1,4 tjmes rated voltage for 5 s in accordance with IEC 60076-1:2011, 5.3.

7.21.7 Number of tap positions

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

As the extent of the tap range increases, the voltages to be considered also increase, and it is
essential that precautions are taken to avoid excessive voltages over the tap range when
operating or testing at minimum winding positions. The effect can be very marked on furnace
and rectifier transformers feeding electrolytic plants where wide tap ranges are often
necessary and the tap-changer is in the constant voltage winding, that is, wide variations in
the magnetic flux in the transformer core occur.
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7.2.1.8 Change-over selector recovery voltages
7.2.1.8.1 General

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. 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
can be necessary. The transformer manufacturer should ensure that the winding design
prevents the maximum permissible switching parameters from being exceeded, either with or
witheut-anytimiting-devices{such-as-tie-inresistors)-installed—which-are-declared-by-the, tap-

changer manufacturer.

Duripg transformer testing, the tap-changer change-over selector should be tested in
accgrdance with IEC 60076-1:2011, 11.7, to confirm satisfactory switching.

Particular care should be taken regarding the frequency of the test(voltage during| the
aboJe-mentioned operations. Higher than rated frequencies will result“in higher capagitive
currgnts to be switched. This can exceed the breaking capacity of the‘change-over selectpr or
can fesult in a higher amount of gases forming.

7.2.1.8.2 Winding locations

The joperation of the change-over selector only takes place in OLTC positions where the [load
current does not flow through the tap winding. TheFefore, the change-over selector| can
discpnnect the tap winding momentarily from the{main winding. During this operation the
poteptial of the tap winding is floating and is determined by the voltages of the adjdcent
windlings as well as by the coupling capacitancés-to these windings and/or grounded party.

When checking the dielectric stress onthe change-over selector, the location of thg tap
winding within the winding arrangement and the capacitances to other windings and/or
grounded parts of the transformer has‘to be known. The capacitances between the windings
are |often given as values taken)from a measurement or can be calculated from| the
dimgnsions of the winding arrangement. The transformer manufacturer shall provide these
values.

The ptresses of the change-over selector have to be verified as acceptable by the tap-changer
manpfacturer.

7.2.1.8.3 Methods for controlling the recovery voltage

The jadmissible limits of the recovery voltage at the change-over contacts and the capagitive
currgnt are. defined by the OLTC manufacturer and depend on the design (e.g. contact
geometry,“contact material, contact velocity).

There are different methods to decrease the stresses on the opening change-over selector
contacts, such as:

— capacitance control,
— resistive control.
The capacitance control uses additional capacitors to adjust the change-over selector

stresses to the admissible limits, whereas the resistive control uses resistors for the same
purpose.

NOTE The use of capacitance control can lead to voltage oscillations due to resonant conditions.
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The use of a two-way change-over selector, also called a double reversing change-over
selector, prevents the disconnection of the tap winding from the main winding. This two-way
change-over selector is a specially designed selector. It is not suitable for coarse/fine

regu

lations.

7.2.1.8.4 Gases and noise

Even if methods for controlling the voltages (see 7.2.1.8.3) are applied, the amounts of
switching gases and noise can only be reduced, not completely avoided.
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7.2.2 Additional data
7.2.2.1 Current splitting
7.2.21.1 General

Current splitting in one phase is sometimes desirable if the current is too high for available
tap-changers or to get a more economical selection of tap-changer.

Since tap-changers are mechanical devices, neither poles in a diverter/selector switch nor
different tap-changers will operate at exactly the same time. To make the paralleling of poles
ort ’p-uhallyclo work plupcﬁy, differentmethods—ofcurrent Dp:;tt;llu arereeded,—which can

gengrally be divided into two kinds:

- urrent splitting in position,
— ¢nforced current splitting.

It is most important to consult the tap-changer manufacturer in all cases with current splitting
between tap-changers or between poles in one tap-changer.

7.2.21.2 Current splitting in position (lower rating of tap sélector compared to
diverter switch)

The |current splitting shall be effective only on position, e’ distributing the load cufrent
betwleen paths to such a degree that none of the paths ¢arry current higher than that which
they|are rated for (e.g. paralleling of only the tap selector levels and without paralleling of
divefter switches). This condition should work imy~all positions and requires in pragtice
sepdrate winding paths through the main winding: The risk of circulating currents dde to
leakage flux has to be considered.

7.2.21.3 Enforced current splitting during switching (paralleled selectors/diverters
on same phase)

The |current splitting shall be effective even during operation of the selector switch or the
diverter switch. The impedance between the parallel winding paths should be such that ddiring
no part of the switching sequences, the currents to be switched and the arising recqvery
voltdges exceed the declared-'capacity of the tap-changer (in particular, the last operating
diverter switch of those paralleled should not be loaded with any additional circulating cufrent
between the parallel winding paths, which would lead to switching conditions beyond the
declared parameters). This requires normally higher impedances than in the former case¢ but
depgnds on the degree of current splitting needed.

NOTH As a ruleof thumb, it can be expected that a two to three times higher (at minimum) impedance be{ween
parallel windings/than the effective transition resistor of the diverter switch, leads to an acceptable enfprced
current splitting.

7.3 | “Application of OLTCs

7.3.1 General

There are some transformers or reactors for certain applications, where the selection of the
tap-changer needs special consideration. In all applications given in 7.3.2 to 7.3.8, the OLTCs
are subject to special requirements and the tap-changer manufacturer should be consulted
and involved in the selection of the tap-changer.

7.3.2 OLTCs for application in special transformers with non-sinusoidal currents
(HVDC, rectifier transformers, converter transformers, etc.)

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 shall
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
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resistor type tap-changers working according to the operation cycle number 1 of the diverter
and selector switches 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 breaking capacity of an on-load tap-changer depends on the maximum slope after the
current zero. For converter transformers, this value differs from the one found in applications
for power transformers (as described in IEC 60076-1 or IEEE Std C57.12.00) and is essential
for the proper selection of the on-load tap-changer. This value, expressed in A/s, should be
provided to the tap-changer manufacturer by the transformer manufacturer or the purchaser.
Similarly, the tap-changer manufacturer should check the switching capability of the on{load
tap-¢hanger with respect to such through-currents, because, besides the amplitude, the-wave
shage of the recovery voltage decisively influences the switching capability.

7.3.3 OLTCs for PSTs

Unlike standard transformers, the overloading of a PST influences the'rated values of the
trangformer.

The frated phase shift of a PST is defined under no-load conditionsi.However, the operatiIn at
this |phase angle in the advanced position is impossible dué fo the effect of the internal
voltgge drop of the PST caused by internal impedances. This internal voltage drop depgends
on the load current (through-put power) and can affecti\the step voltage of the on{load
tap-¢ghanger. Therefore, the standard requirement/,of” overload conditions should be
congidered.

The | breaking capacity of an on-load tap-changer should be verified according to
IEC p0214-1:2014, 5.2.3.3, or IEEE Std C57.131-2012, 5.2.2.2, at a current corresponding to
twicg the maximum rated through-current™and at its relevant rated step voltage. [This
requ]rement is based on the assumption that the rated step voltage does not change with the
throygh-current, which is not true in every case of PST applications. Therefore, an indiv|dual
study of the breaking capacity should-be carried out by the tap-changer manufacturer in fase
of PBTs. For this calculation thextransformer manufacturer shall supply the maximum [step
voltgge that can occur in any position and the maximum through-current.

NOTH It is possible that the™~Trequired values for this calculation (maximum step voltage, maximum
through-current) will not occufisimultaneously at the same tap-changer position.

Ovefloading of a PST+in the sense of operating it with a current beyond the nameplate rating
incrgases the internal phase angle and consequently the load phase shift angle in the rg¢tard
posifion. This can'result in a load phase angle exceeding the maximum rated no-load phase
angle. The voltage across the regulating winding and consequently the voltage per step|of a
single-core-type and the voltage across the series winding of a two-core type will exceed 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-mentioned overload
and over-excitation conditions should be within the declared parameters of the on-load tap-
changer.

In the case of PSTs having regulation at the line end (extended DELTA design), high recovery
voltages can occur during the operation of the reversing change-over selector. Those
recovery voltages can become higher than the system line-to-ground voltages.

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


https://iecnorm.com/api/?name=d9b824ac0c085390705e03bf6cc37586

IEC/IEEE 60214-2:2019 © IEC/IEEE 2019 —-47 —

reduced (two-core design) short-circuit impedance effective between the load and the source
side of the PST.

7.3.4 OLTCs for arc furnace transformers

Arc furnace transformers are one of the most demanding applications of an OLTC because of
the high number of operations, the frequent overload, the presence of harmonics and the
peak currents from the short-circuits of the furnace electrodes during melting. Therefore,
different specification parameters are needed when selecting OLTCs.

NOTE See IEEE Std C57.17 for additional information.

The |rated current of the tap-changer should be chosen with respect to overloads|and
elec{rode short-circuit currents.

In cdse of transformer designs with variable flux, see 7.2.1.4.2.

The |presence of harmonics affects the through-current by making the-wave shape |hon-
sinugoidal. These non-sinusoidal through-currents have an impact on’thé switching stregses,
which have to be handled by the diverter switch. Often the maximum’allowed step voltagge for
the QLTC will be reduced with regard to harmonics for arc furnace applications.

The [number of operations is typically several hundred thousand a year, so overloadq are
morg¢ common and current peaks occur. Maintenance intervals are therefore stated accofding
to the number of operations, and maintenance actions<might be expected as often as ong¢e or
twicg a year. Sometimes it is recommended to use, on-line oil filtration and/or oil temperature
supdgrvision.

The |often required high number of operations in arc furnace transformers might gengrate
unadceptably high oil temperatures within the diverter switch or selector switch compartment.
The |transformer manufacturer should .supply the tap-changer manufacturer with dgtails
regarding overload conditions, electrede short-circuit currents and, in case of transformer
designs with variable flux, a table with“currents and step voltages.

Due [to the high switching frequency, several parts of the tap-changer or the tap-changer |tself
might need to be replaced during the transformer life time. It is recommended to preparg for
this when designing, manufacturing and installing the transformer and especially makipg it
posslible to bring in andieut the tap selector from the transformer tank.

7.3.5 OLTCs for-shunt reactors

Shunt reactors*with regulation by OLTCs are often called variable shunt reactors (VYRs).
They can besseen as a transformer at no-load with a high magnetising current.

At ragted’voltage. the load will also be 100 %. Higher voltage will result in higher load as Wwell.
Therefore, for the configuration of the tap-changer, the maximum operating voltage should be
provided. Voltage causing oversaturation of the core will result in considerably higher
currents.

The load will always be reactive. It is always a variable flux regulation, see 7.2.1.4.2.

No short-circuit current appears, but in-rush currents will occur if the reactor is of the gapped
iron core type.

The regulating ranges are often large, resulting in high service and test voltages across the
regulating range.
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When coarse/fine regulation is used, high leakage induction between coarse and fine winding
might occur and should be considered, see 7.2.1.9.

7.3.6 OLTCs for series reactors

According to IEC 60076-6, there are different series reactors for different purposes. These
types are current-limiting reactors to limit the current under system fault conditions, neutral-
earthing reactors to limit the line-to-earth current under system fault conditions, power flow
control reactors to control the power flow, motor starting reactors to limit the inrush current
during the motor starting operation and arc-furnace series reactors to increase the efficiency
of the metal melting operation and limit the system disturbance.

All rLese reactor types can be designed with or without taps. Tapped reactors carL be
equipped with de-energized or on-load tap-changers.

When using on-load tap-changers, the value of the reactance and the numbertof turns in all
tap positions as well as the maximum operating current are necessary to-evaluate the dyties
on the diverter switch contacts for a given application. In all thosg-eases, the reactor
manpfacturer should contact the tap-changer manufacturer for consultation and the choi¢e of
the gorrect tap-changer model.

7.3.7 OLTCs for unit auxiliary transformers

OLTLCs applied in unit auxiliary connected transformers are subjected to a variety of system
conditions that should be considered in the applicationlof the OLTC. In such applications the
impgct of frequent large size motor starting, long ddration fault currents, fast bus transfers,
larggr than normal required tap ranges, out-of-phase bus transfers, and load rejegtion
overyoltages should be considered.

NOTH See IEEE Std C57.116 for additional information.

7.3. OLTCs for railway supply transformers

Railyay supply transformers are,dsed between normal AC networks and the single-phase
overhead traction wire. Due to the frequent occurrence of short-circuits in these systems| the
trangformer windings as well\'as the OLTC are subject to higher stresses. Therefore| the
numper of short-circuits per.yéar should be provided and considered for the OLTC selecti¢n.

7.3. Transformersyand phases out-of-step condition

Wheln connectingtwo (or more) regulating transformers in parallel, an out-of-step condition for
a vely short time-period can occur due to non-synchronous operation of the different on{load
tap-¢hangers.)This will lead to different loadings of the transformers and the on-load|tap-
changers.<Besides the effects of the unequal loading caused by the different impedance
voltggesy—a circulating current will flow, driven by the voltage difference between| the
trangformers, and this is limited by the impedances within the circuit. These circulating
currents are superimposed on the transformer load currents and influence the breaking
stresses at the last operating on-load tap-changer. When evaluating the breaking conditions,
not only the absolute values of the switching currents but also the occurring phase shift at the
opening diverter switch contacts should be considered.

An out-of-step condition also occurs when using individual single-pole on-load tap-changers in
a delta or star configuration. Even if the individual on-load tap-changer poles are driven by
only one motor-drive mechanism or three drive mechanisms operated by a single control,
synchronous operation of the diverter or selector switches cannot be guaranteed. If the
tapped windings are delta-connected, unbalanced voltages will cause a circulating current.
Consideration of the additional current should be made in the design of the transformer
winding and in the application of the correct current rating of the tap-changer.


https://iecnorm.com/api/?name=d9b824ac0c085390705e03bf6cc37586

IEC/IEEE 60214-2:2019 © IEC/IEEE 2019 -49 —

7.4

7.4,

7.4.

Other important parameters for OLTCs
1 Current wave shapes other than sinusoidal

1.1 Inrush current

Inrush currents can easily exceed the switching capability of the OLTC. Therefore,
tap-changers should not be operated during periods of inrush currents.

7.4.

1.2 DC current

A phenremenon—can—occur—whereby—the—normal-AC—ecurrentto—-be—switched—by—the—QLTC
contpins a DC component thus minimizing or eliminating zero current cross|ngs.
Congideration of the magnitude of the DC component should be included in the selectign of

the

Thege situations can occur for example:

7.4.1.3 Impulse voltage distortion on tap-changers

when paralleling transformers (out-of-step condition);

during event of geomagnetic induced currents (GICs);

OLTC.

(HV)DC supplies using earth return.

Wheh impulse testing the transformer, the voltages and wave shapes experienced by the|tap-
charlger can be significantly different from the applied\voltage magnitude and wave shape at

the

transformer terminals. This shall be taken<{into consideration when designing| the

trangformer and applying the tap-changer. Since:these voltage magnitudes and wave shapes

can
shodld be carried out to ensure proper application.

7.4.% Operating pressure

unexpectedly exceed the insulation limits*0f the tap-changer, careful transient anafysis

Somge minimal considerations shoald be given to the arrangement of the oil conservation

systém in order to ensure:

Referring to Figure 20, these considerations include:

imtegrity of the seals and compartments;
rrect operation of the pressure dependent protection;
rrect operation ‘of)the switching system.

aximum._conservator height H for the correct coordination of the pressure sensing
evicesiand for the seals' integrity;

aximum height difference X for the tap-changer compartment pressure withstand;

for vacuum switching principle, maximum conservator height to ensure vacuum bottle
opening mechanism capability (breaking) and the lifetime of the bellows.

For high-altitude applications (above 1 000 m), the tap-changer manufacturer should always
be consulted for conservator height compensation (minimal H):

a)

b)

conservator height compensation (minimal H) for vacuum type tap-changers to ensure the
closing capabilities (making) of the vacuum interrupters;

for non-vacuum type tap-changers to maintain the breaking capacity. There are possible
restrictions in the case of non-vacuum type tap-changers.
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1 — Tap-changer head cover 4 — OKTC liquid conservator
2 — Liquid-flow controlled relay 5.~.Transformer liquid conservator

3 — Shut-off valve

Figure 20 — Tap-changer oil conservator arrangement

7.4.3 Operational life of breaking'and making contacts

The fest for IEC 60214-1:2014,/5:2.6.2, or IEEE Std C57.131-2012, 5.2.5.1, stipulates thalt the
tap-¢hanger shall perform axminimum of 500 000 mechanical operations. This does| not
necgssarily mean, however,~that the tap-changer is suitable for that number of operatiops at
its maximum rated load.current without carrying out maintenance and changing contacts.

The| service duty~“/test for on-load tap-changers in IEC 60214-1:2014, 5.2.3.2] or
IEER Std C57.134-2012, 5.2.2.1, establishes a base line for the number of operations
guarpnteed by<{the manufacturer at the maximum rated through-current and relevant [step
voltgge. Contact life data provided by manufacturers should be determined on an equal bpsis,
such as(current level, voltage level, power factor and tap-change range. When determ|ning
contacidife, overload conditions or durations, if known, should also be considered since [they

4l + al + 4 1:£
can gecreasemeexpectea— contactrre:

The manufacturer's contact life charts (normally available only for non-vacuum OLTCs) give
the contact life for varying contact load currents. However, when a tap-changer is required to
perform an abnormally high number of tap-change operations per annum, such as for rolling
mills, electrolytic plants and furnace transformers, without contact change, these values
should be treated with caution. If a higher rating tap-changer is chosen to achieve the
required contact life, it should be noted that a tap-changer might have a disproportionate wear
on the transition contacts due to circulating currents.

The same considerations are valid for the lifetime of vacuum interrupters in tap-changers,
where the contact life normally is dependent on the breaking current and number of
operations. The data provided by the manufacturer should be considered. The contact erosion
of main vacuum interrupters in resistor type tap-changers will also be affected by their making
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operations. In normal service, the contact life of vacuum interrupters (VIs) is not an issue due
to the very low contact erosion.

Applications with VIs, which are stressed almost only by making operations, should be
considered very carefully, even if these operations occur at very low load currents. Making
operations without subsequent breaking operations can lead to worn VI contacts, which tend
to stronger contact welding. If the opening mechanism for the VI is too weak this can result in
a malfunction.

Since the preventive autotransformer is not designed or supplied by the tap-changer

mangwmmm&mmmmumwmmbmty
of the transformer manufacturer to provide an adequate coordination.

7.4.4 Tap-changer mechanical life

Wheh selecting a tap-changer for an abnormal number of service operations; the tap-changer
manpfacturer should be consulted. Due consideration should also be given to ease of sefvice
mairtenance under such requirements.

7.4.5 Motor-drive mechanism

Mechanisms should be specified by the end user in conjunction with the transfoymer
manpfacturer.

It is|most important that the specification for the voltage for the motor, the voltage for the
indigations and alarms and the type of tap position.indication are compliant with the|end
custpmer's requirements. Additionally, the following should be considered:

— single-phase motors require capacitors, which can have a limited life;

— when auxiliary circuit insulation testing-is performed by the customer, care should be
taken to understand the tap-changerimanufacturer's wiring diagram to avoid damage to
the equipment.

The Faise/lower indicator for both the electrical and manual controls should be provided in the
corrgct configuration for the customer. The customer should specify what a "raise" operation
meaps:

Icreasing the tap position number (e.g. 1 to 2, =10 to -9), or

. creasing the voltage on a specific winding

which can or canunot be the same result.

If th¢ motor=drive is equipped with a heating device for anti-condensation, this device sHould
be irl service even if the transformer is out of service.

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.

7.4.6 Pressure and vacuum test

Where applicable, the tap-changer when fully assembled shall withstand all the pressure and
vacuum tests of its associated transformer. In such cases, all the relevant information should
be given in the purchase order to the manufacturer of the tap-changer.
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7.4.7 Temperature conditions
7.4.71 Low temperature conditions

If the tap selectors, diverter switches or selector switches are located in separate containers
outside the transformer tank, in air, where the ambient temperature can be lower than -25 °C,
or if the tap selectors, diverter switches or selector switches are subjected to oil or SFg
temperatures lower than -25 °C during operation, the tap-changer manufacturer should be
consulted, taking the characteristics of the transformer and tap-changer insulation medium
into consideration.

The Jower limit of -25 °C applies to mineral oil in accordance with IEC 60296 or ASTM D3487.
This|limit also applies to SFg, but the pressure should be considered. If other media are-(sed,

a different lower limit will apply and the tap-changer manufacturer should be consulted.

If ngcessary, automatically controlled heating devices could be provided jor; alternatiyvely,
meahs of preventing tap-change operation at abnormally low temperatures.can be considgred.

7.4.7.2 High temperature conditions

Oil temperatures exceeding the temperatures according to IEC 60214-1 and IEC 60076-f, or
IEER Std C57.131 and IEEE Std C57.91, could be considered_by the application of a |high
temperature capable OLTC or will require limiting the number of operations per time| unit
and/pr the number of continuous consecutive operations~To obtain a detailed specification
regaJding temperature range for the actual tap-changer, the manufacturer should be
conglulted. If the actual transformer oil and ambient&emperatures are different from thoge in
the loading guides, these temperatures should be“given to the tap-changer manufacturer to
enallle a more precise calculation of the permissible number of operations.

The |important parameter for the limit in the*number of operations is the liquid temperature
inside the diverter or selector switchscompartment of resistor type tap-changers.|The
temperature limit will differ between manufacturers, OLTC type and type of insulating medium.

NOTH 1 There is an upper limit for transformer top oil temperatures of 115 °C under overload conditions which
appligs to mineral oil in accordance withilEC 60076-7 or IEEE Std C57.91.

NOTH 2 For gas-filled power tramsformers, an upper limit for transformer top gas temperature dependls on
operation conditions specifically agreed between the user and the tap-changer manufacturer.

If other insulating liquids or gases are used, a different limit will apply and the tap-changer
manpfacturer should-be consulted.

If ngcessary;\temperature measuring devices or, alternatively, means of preventing |tap-
change operation at abnormally high temperatures can be considered.

7.4.9 Overloading conditions

For the permissible overload current, refer to 7.2.1.3.2.

Overload conditions begin whenever any rated parameter of the tap-changer is exceeded.
Both overloading in terms of higher currents and higher voltage due to overexcitation should
be considered. High loading conditions affect the tap-changer in several ways. In the short
run, the breaking capacity, heating of transition resistors and heating of insulating liquid limit
the load. In the long run, the life time reduction of both the breaking contacts and current
carrying contacts, as well as the insulating material, set the limit.

NOTE 1 According to IEC 60214-1 or IEEE Std C57.131, the rated parameters of the tap-changer are stated on its
name plate.

For normal cyclic loading and planned overload beyond the rated through-current of the tap-
changer, the overload is normally compensated for by periods of loads less than unity.
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Overloads will normally accelerate the ageing of the OLTC as well as of the transformer. The
contact erosion will increase, and current carrying contacts (especially those seldom or never
operated) will experience loss of life time. Ageing of all insulation parts including the liquid or
gas will accelerate. Increased maintenance might be needed, especially for the non-vacuum
types.

Operations with an overexcited transformer core are allowed without restrictions to levels
specified in IEC 60076-1 or IEEE Std C57.12.00. Operation at overexcitation exceeding these
levels or operations with any overvoltage when exceeding rated load is not allowed. If such
conditions are expected to occur, the tap-changer manufacturer shall be consulted.

For lloading conditions in demanding applications such as HVDC or industrial applicatiang, for
example, arc furnaces, it is recommended to consult the tap-changer manufaeturer for
assigtance in the selection of a proper tap-changer for the actual service conditions.

NOTH 2 For reactor type tap-changers where no transition resistors are applied, additional ovérload capacifly can
be avpilable. To investigate, the transformer and tap-changer manufacturers are consulted for ‘specific data.

For gas-filled power transformers, overloading condition is a factor of the transformer dgsign
and |not defined generally. For specific loading conditions and limitations, consult the|SFg

insulated tap-changer manufacturer.

7.4.9 Continuous consecutive operations

In sqme applications, continuous consecutive operations through part of or through the whole
regujating range, or even more (e.g. HVDC applications), are required. In resistance-type|tap-
charjgers, substantial heat is generated in the transitioh resistors during switching and will be
dissipated into and accumulated by the insulating fluid.

The |heating of the insulating fluid will depend>on a number of parameters such as numbegr of
posifions, rating, load, fluid volume and type\of tap-changer. Operation through half the typical
regujating range consecutively is normally not a problem at normal load with ngrmal
trangformer fluid temperatures.

For pontinuous consecutive opgrations over more than half the typical regulating range, at
overloads and/or at high transformer fluid temperatures, it is possible that the maximum
pernmissible fluid temperature»will be exceeded. The tap-changer manufacturer should be
congulted with data required for a proper evaluation.

NOTH A typical operating-range is assumed to be up to 34 positions.
7.4.10 Preventive autotransformer circuit (reactor type tap-changer only)

A prgventive.autotransformer is used with reactor type tap-changers as transition impedgance
to limit theencirculating current when operating on a bridging position (service position where
two pdjacent taps are bridged), or during the change of taps between adjacent positiorls. A
prev ntive autotransformer can also he nnnrgi7od in_the non hridging pneifinn (en'vice
position, with both movable contacts on the same fixed contact), where a circulating current
will result if an equalizer winding is incorporated in the design. Preventive autotransformers
are not components of the on-load tap-changer; they are designed and provided by the
transformer manufacturer and are located in the transformer tank. The design limits of the
OLTC have to be respected.

Two opposing requirements should be kept in mind in the design of the amount of reactance
to which the value of the circulating current is set. First, the reactance of the preventive
autotransformer shall be kept high to reduce the circulating current (to avoid overload of the
tap section and to minimize the reactive kVA taken from the line). On the other hand, the
reactance shall be kept low to minimize reactance drop (elimination of flicker during the tap-
change operation). In addition, the circulating current affects the switching duty to the tap-
changer.


https://iecnorm.com/api/?name=d9b824ac0c085390705e03bf6cc37586

— 54 — |EC/IEEE 60214-2:2019 © IEC/IEEE 2019

Sometimes voltage regulators are equipped with equalizer windings. Without an equalizer
winding, the highest temperature rises will be experienced in the bridging position. When an
equalizer winding is used, the highest temperature rises can be experienced in the bridging or
non-bridging position depending on which position has the highest net tap voltage impressed
on the reactor. The current in these positions is determined by the through current, as well as
by the circulating current and power factor of the through current.

Equalizer windings are also used in circuits where the voltage should be stepped down to a
lower level so a lower voltage tap-changer can be used in the circuit. The use of equalizer
windings in the reactor circuit reduces the recovery voltage during switching from a bridging
position and increases the recovery voltage during switching from a non-bridging position.
The |[duty on the moving contacts is equalized since the net circulating current reverseg the
diregtion for the bridging and non-bridging positions.

8 De-energized tap-changers

8.1 General

The DETC should be chosen to suit the requirements of the application.

The | responsibility for the correct selection and application for the DETC for a diven
trangformer lies with the manufacturer of the transformer.

8.2 | Selection of DETCs
8.2.1 Currents
8.2.1.1 Maximum rated through-current for'the DETC

The |[maximum rated through-current of the;DETC as defined in IEC 60214-1:2014, 3.30, or
IEER Std C57.131-2012, Clause 3, should be not less than that resulting from the highest
valug of the tap current of the tapped\winding at the assigned rated power of the transformer
in agcordance with IEC 60076-1:2011, 5.1. The maximum rated through-current referds to
contlnuous loading. If different values of apparent power for the transformer are assigned
undgr different circumstances,for example, with different methods of cooling, the highepgt of
thesg values is the rated power and, therefore, the basis for the maximum rated through-
curregnt of the DETC.

Refdr to 8.4.3 for paralleling.

8.2.1.2 Oveérload current

De-gnergized tap-changers in accordance with IEC 60214-1:2014, 7.2.2, or
IEER Std€57.131-2012, 7.2.2, meet the overload requirements of IEC 60076-71 or
IEEH Std C57.91.

When, for a particular application, a transformer is to be subjected to loading conditions in
excess of the limitations in IEC 60076-7 or IEEE Std C57.91, the tap-changer manufacturer
should be asked to recommend a suitably rated tap-changer.

For gas-filled power transformers, overloading condition is a factor of the transformer design
and not defined generally. Thus, the SFg insulated tap-changer manufacturer should be

consulted for specific loading conditions and limitations.
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8.2.1.3 Short-circuit current

The short-circuit current of the DETC as given in IEC 60214-1:2014, 7.2.3, or
IEEE Std C57.131-2012, 7.2.3, shall be not less than that resulting from the overcurrent
condition of the associated transformer as given in IEC 60076-5:2006, 3.2 or
IEEE Std C57.12.00-2015, Clause 7.

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

8.2.% Rated step voltage

The| rated step voltage of the tap-changer (see IEC 60214-1:2014;,,3)31,| or
IEER Std C57.131-2012, Clause 3) should be at least equal to the highest step voltage of the
tapped winding.

8.2.3 Insulation level

The [following values occurring on all tap positions of the transfarmér should be chegked
agaipst the tap-changer manufacturer's declared values’,”in accordance [with
IEC B0214-1:2014, 7.2.5.2, or IEEE Std C57.131-2012, 7.2.5.3;

a) rnormal power-frequency operating voltages appearing en‘the tap-changer in service;

r
b) AC voltages appearing on the tap-changer during tests-on the transformer;

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

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

— neutral point taps in autotransformers;
— lipe-end taps; and

— bposter transformer arrangements.
The methods of considering voltage variation which involves variations in the magnetic flux in the transformef core

can [also affect the voltages appearing on various parts of the tap-changer (see I|EC 6007643 or
IEEE [Std C57.12.90).

Tapschangers intended to‘be used in transformers connected directly to generators in such a
way |that they can bessubjected to load rejection conditions should be able to withgtand
1,4 tjmes the rated yoltage for 5 s in accordance with IEC 60076-1:2011, 5.3.

8.2.4 Number.of tap positions

The |[numberof tap positions of the tap-changers is generally standardized with vatious
manpfacturers' tap-changer models. The selection of the number of tap positions should
prefelzrably be made within that range.

8.3 Application of DETCs
8.3.1 General

As in the case of OLTCs, there are some transformers and applications where the selection of
the DETC needs special consideration. In all the applications given in 8.3.2 to 8.3.5, the
DETC manufacturer should be consulted and involved in the selection of the tap-changer.

8.3.2 Frequencies

When using a DETC in an application involving frequencies other than the rated frequency of
the DETC, the DETC manufacturer should be consulted and involved in the selection of the
tap-changer.


https://iecnorm.com/api/?name=d9b824ac0c085390705e03bf6cc37586

- 56 — IEC/IEEE 60214-2:2019 © IEC/IEEE 2019

8.3.3 Application involving non-sinusoidal currents
(HVDCs, rectifier transformers, converter transformers, etc.)

When using a DETC in special applications where through currents with a high degree of
harmonics occur, the harmonic content of the non-sinusoidal wave shape can impact the
selection of the DETC in question. The DETC manufacturer should be informed of the
harmonic contents (both frequency and magnitude) of the through current and be involved in
the selection of the DETC.

8.3.4 DETCs for arc furnace transformers and other high load cycle applications

Arc furmace transformers are one of the most demanding appiications of @ DETC because of
the |frequent overloads, the presence of harmonics, and the peak currents from| the
shorf-circuits of the furnace electrodes during melting. Similar loads include transformers
feed|ng large motors, glass furnaces, rectifiers, and other loads that frequeptly/“stop|and
restgrt along with applications that are subjected to overloading albeit for short durations|(not
contlnuous ratings). Transformers connected to wind energy generators are also subjeft to
hea\ily changing load (not overload) conditions. When the application involves these typé¢s of
load|cycles, the DETC manufacturer should be consulted and involved(with the selectign of
the DETC.

8.3.5 DETCs for peaking pulsing loads

Wheh the load cycle is less strenuous than that described“in”8.2.1.3 but still exhibits Ipads
that |peak regularly for short time periods, then return teha much reduced ampere draw for
extepded periods of time, the DETC manufacturer shieould be consulted and involved in the
proper selection of the DETC. These types of peak’/loads can be measured in terms of
minytes and relatively small overload percentages compared to the nameplate of| the
trangformers. In practical terms, these loadsctmay not have any long term effect on| the
trangformer windings. It can be, however, thatithe effect can impact the contacts of the DETC.

8.4 | Other important parameters for DETCs
8.4.1 Tap-changer mechanical life

If a [motor-drive unit is used, affer 10 000 operations, a check of mechanical parts ang, in
particular, of electrical contacts is recommended.

8.4.2 Motor-drive
If th¢ 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.

8.4.3 Paralleling de-energized tap-changers/current splitting

- i) - Ll L. L IS ('l 1 | W s ¥ - | - ('l (] e wll PR Il J
For Nyrr CUrTrertits, pdrdiichinmyg U ETU UTURS U UETUS TTHYITU U TIecUtcUu. TTiS LdlT UT one

with or without enforcing the current splitting.
e Without enforced current splitting (Figure 21 a)):

If de-energized tap-changers or decks are paralleled on a common conductor, it should be
understood that the current may not be divided equally between the DETCs or decks due
to resistance variations of the current paths. For this reason, in case of decks in parallel or
DETCs in parallel, the following formula applies to give the maximum current on any of the
decks or DETCs:

I; = taps' total current
I, = maximum current of each deck

n = number of DETC decks
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k=1,2
Im = It X k/n
o With enforced current splitting (Figure 21 b)):

By connecting separate windings or paths in a winding to separate DETCs or decks in a
DETC, the impedance between these windings or winding paths improves the splitting of
the load current.

The degree of splitting depends on the ratio between the resistance difference of the
current paths to and through the DETCs or DETC decks and the impedance between the
winding paths or windings. Thus, to establish the degree of splitting, the relation between
g impedances and resistance of the current pathsshattbeevatuated:

The |risk for circulating currents due to leakage flux shall be considered for all paralleling
meagpures.

—
IEC
IEC
a) Arrangement without b) Arrangement with enforced
current splitting current splitting

Figure 21 — Current splitting in DETCs

9 Protective devices for OLTCs

9.1 General

Accqrding_teEC 60214-1:2014, 5.1.4, or IEEE Std C57.131-2012, 5.1.4, the use of proteftive
deviges s required for on-load tap-changers to minimize the risk of fire or explosion resulting
from|afn/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-load tap-changer operation with excessive transformer overcurrents;

— on-load tap-changer operation at liquid temperatures below the limit of —-25 °C given in
IEC 60214-1 or IEEE Std C57.131, or, in some cases, above an agreed maximum limit.

If the tap selector is assembled in its own and separate liquid compartment, then protective
devices designed to counter the action of an inadmissible increase of pressure within the tap
selector liquid compartment may be employed.
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In some applications, it can be necessary to supervise the simultaneous operation of different
poles of an on-load tap-changer or of different phases to avoid excessive circulating currents
caused by a possible out-of-step position of the on-load tap-changers.

9.2 Increase of pressure within diverter or selector switch liquid compartments
9.2.1 General

Breakdowns occurring in on-load tap-changers usually have the effect of converting electrical
energy into heat due to arcing. The heat vaporizes the insulating liquid, which will result in an
increase of pressure within the liquid compartment. The amount of energy released during a
faultrdepends upon various factors such as the rated capacity of the transformer; the
operpting voltage, the on-load tap-changer through-current, the short-circuit power of the)grid,
the gonnection of the star point, the length of the fault arc, etc.

Protgctive devices for supervision of the increase of pressure within diverter orselector syitch
liqui compartments have to respond to every form of abnormal energy release, from long-
term| low-energy phenomena to an explosive energy release. However,(the energy relgease
during normal operation should not operate the protective devices. Suck’ supervision can be
achigved by direct pressure sensing or by monitoring the surge .speed of the liquid flow,
resulting from the pressure increase to the separate conservator_/Each on-load tap-changer
shodld have such a protective device. In the case of on-load tap:changers consisting of more
than|one pole, each pole should be equipped with a separate/protective device.

9.2.2 Liquid flow controlled relay

Liquld-flow controlled relays inserted into the pipe between the on-load tap-changer switdhing
compartment and the conservator are most frequently used. Such relays are actuated bly an
incrgased liquid flow from the diverter or *selector switch liquid compartment to| the
congervator. They respond to relatively low&yup to high-power short-duration disturbaphces
within the diverter switch compartment by tripping the circuit breaker of the transformer, [thus
avoidling or limiting damage to the on-load‘tap-changers and the transformer.

Liquld-flow controlled relays havebeen used for many years in transformer engineg¢ring
appllcations and have the advantage of proven reliability and little or no evidence of sputious
operptions. The disadvantagev-is that the response time of the relay, being essentially
hydrpulic, is relatively long eompared to some other relay types.

The | liquid-flow contfolled relay should be installed in the pipe from every switghing
compartment leadifg to the conservator, located as near as possible to the on-load|tap-
charlger switching:compartments. 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.

Liquld<flow controlled relays would normally be set to trip the transformer to reduce danggr to
| 1 H ao. m a
| ge e

ersbrhe and ta limit cancaiantial Ao notraocammandand
persbrrel—and-to-limitconsequential-dama Rotrecommended

9.2.3 Overpressure relay

Usually, overpressure relays are mounted on the outside of the on-load tap-changer switching
compartment and respond to internal static and dynamic pressures. However, such
overpressure relays will not be actuated by weak disturbances, as they will not reach the
necessary pressure for response.

Overpressure relays have the advantage that the response time of the relay is much shorter in
the case of steep pressure waves than that of a corresponding liquid-flow controlled relay.

If the pressure-sensing relay is used as the sole protection, it would normally be set to trip the
transformer to reduce danger to personnel and to limit consequential damage.
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9.2.4 Sudden pressure relay

When a fault, such as a flashover, occurs inside the diverter switch or selector switch
compartment, the sudden pressure relay responds to the rate of the pressure increase. Those
devices are normally used together with seal-in relays.

9.2.5 Pressure relief device

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
contgmination and/or major transformer faiture.

ure relief devices may be installed on the diverter or selector switch compantment| and
be designed to open when a predetermined pressure is exceeded. Faults withrlarge eqergy
relegses in the diverter switch or selector switch liquid compartment can generate very sfrong
prespure waves with extremely high pressure peaks. These could lead A0~damage of the
diverter or selector switch liquid compartment. In order to prevent such.damage, a pressure
relief device is usually mounted to the switching compartment of the,on-load tap-changer. If
the pressure relief device is used as the sole protection, it would normally be arranged|with
contfcts to enable the circuit-breaker of the transformer to be tripped. It is preferable tp be
able|to test or reset the electrical contacts without removing the-protective ducting.

To pfrotect against such events, very often a pressure-reliéf diaphragm (rupture disk) is ysed.
Wheh responding, this pressure-relief diaphragm will operate and leave a sufficiently large
aperture in the switching compartment 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-segling
type|l When responding, a spring-operated valye cover will open and instantly provide fof the
prespure relief required in the event of a pressure rise. After the release of the pressuref 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 ljquid
compartment, thus preventing oridat least mitigating any further damage. In either dase,
detefmination of the setting at which the device operates should take due regard of the dtatic
head of liquid on the devicesinnnormal service.

Howgver, it is not feasible to protect the on-load tap-changer against all possible fqults,
particularly worst-case’ high-energy faults such as an earth fault in a line-end on-load|tap-
changer. In such,cases, commercial depressurization systems may also fail to prevent| any
resultant fire. Pfotective devices detecting an increase of pressure are, therefore, intendgd to
minimize the~liquid spillage and fire risk. Fire detection and suppression systems should be
congidered by’the end user. For further information, see CIGRE Technical Brochure 537.

9.3 | \Increase of pressure within a diverter or selector switch in SFg

9.3.1 General

To detect the increase of pressure within diverter or selector switch compartments, there are
mainly two devices used as described in 9.3.2 and 9.3.3.

9.3.2 Pressure gauge (compound gauge)

A pressure gauge (compound gauge) indicates the actual pressure value within the diverter or
selector switch compartment continuously.

Typically, signal contacts are provided for alarm when the actual pressure exceeds the set
maximum value or falls below the set minimum value. The pressure has to be related to the
temperature.
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Since the SFg gas absolute pressure depends on the temperature, the pressure gauge alarm

relays should be set to be activated at pressures corresponding to the allowed temperature
range.

9.3.3 Sudden pressure relay

When a fault, such as a flashover, occurs inside the diverter switch or selector switch
compartment, the sudden pressure relay responds to the rate of the pressure increase. The
relay is provided with contacts to enable the transformer to be tripped and can have alarm
contacts in addition.

9.4 | Switching under excessive overload

In onder to minimize switching under excessive overload, it is recommended that fin;the fase
of mptor control, a protective device should be fitted to prevent or, if initiated, to interrupt an
operption of the motor-drive mechanism when the transformer load exceeds the<agreed value.
Attenption shall be paid to the fact that in the case of spring-loadedimechanisms, the
movément of the energy accumulator, when initiated, cannot be interrupted.

Many utilities customarily use an overcurrent blocking device ™o stop the motor-drive
mechanism of the on-load tap-changer from operating when thé/transformer load cufrent
exceeds a pre-set overload limit.

To monitor diverter switch or selector switch compartment temperatures and tap-changer
compartment temperatures under excessive load, a temperature limit device can be usgd to
monf|tor the different temperatures between the selector or diverter switch compartment, when
appl|cable. It is up to the tap-changer manufacturer to decide on the temperature set point, or,
if fol example the final customer has lower temperature demands for the transformer, those
shoyld be valid. Different compartment temperatures can give different signals, for example
alarm or blocking of tap-change operation.

9.5 | Extreme medium temperatures

During periods with extremely low“ambient temperatures and possible low temperatures of the
insulation medium (below =25°C for SFg or mineral oil according to IEC 60296 or

ASTM D3487), it can be necessary to provide special devices to obtain reliable sefvice
behgviour. Such a device’'may use a thermo-sensor to measure the medium temperatufe in
the @n-load tap-changer-and a relay amplifier installed in the motor-drive mechanism to hlock
the electrical operation. Other liquids mentioned in 6.3 can have differing low temperature
restrjictions.

At ppssible (high temperatures of the insulation medium, it can be necessary to provige a
devige deteeting extremely high medium temperatures in the on-load tap-changer. Sugh a
devige normally generates an alarm and/or blocks further operation.

Generally, independent of liquid type, the viscosity and all other properties of the liquid within
the temperature working range should be considered. If liquids other than mineral oil are
used, or if the normal temperature range of mineral oil is abandoned, the tap-changer
manufacturer should be consulted.

9.6 Increase of pressure within separate tap selector liquid compartments
9.6.1 General

In tap-changer designs in which the tap selector is assembled in a separate liquid
compartment, protection devices similar to those described in 9.2 may be used.
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9.6.2 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 is 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 normally supplies this
relay.

Consideration should also be given to the fitting of additional gas and liquid-operated relays
(Budhholz), close o every tap selector compariment, in the pipe from the tap selgctor
compartment to the main transformer conservator. This measure offers the advaniage of
imprpved fault diagnosis and better identification of whether the source of the faultls in the
tap gelector or in the main transformer tank. These relays are a double element type” They aid
fault|diagnosis by identifying whether the fault is caused by an accumulation of gas or a l{quid
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‘isithat any freq gas
in a|tap selector compartment is a sign of a defect or fault condition(and the transfofmer
shodld be tripped before the fault causes an internal flashover. It is important to ensure| that
all jir is vented from tap selectors when the compartment is filleds otherwise that air| can
cauge a spurious trip condition. Gassing at the changeover sel&€ctor does not cause| any
probjem for this application. The transformer manufacturer normally supplies such relays.

9.6.3 Overpressure relay

Ovelpressure relays can be mounted on the outside\of the tap selector compartment. They
resppnd to static and dynamic pressures arising:within the tap selector liquid compartment;
however, such relays will not be actuated by<dweak disturbances, as they do not reach the
nec%sary pressure for response. If such a devjce is used, it should enable the circuit-brelaker
of the transformer to be tripped.

The pomments of 9.2.3 regarding speed of operation, reliability and spurious operation apply.

9.6.4 Pressure relief device

This|device, when installed_on any tap selector compartment, is designed to open when a
predetermined pressure, is exceeded. This opening will help to protect the tap selg¢ctor
compartment from damage due to overpressure from an internal fault in the tap selector or
any [nadvertent over-pressurization of the compartment during liquid filling.

The pomments 6f9.2.5 regarding self-sealing, ductwork, alarm and trip requirements apply.

9.7 | Tap-change supervisory circuit and phase unbalance protection

If there-is a failure in the simultaneous aperation hetween different on-load tap-changer poles

(for example, breaking of a drive shaft), the independent on-load tap-changers of different
phases reach different tap positions. Any further operation will increase the discrepancy
between the phases, and excessive circulating currents for the transformer as well as for the
on-load tap-changer can be generated. In such cases, the supervisory control circuit (if fitted)
can respond and ensure that further electrical operation of the motor-drive is prevented. No
further tap-change operation should be carried out, either electrically or manually as long as
the transformer is energized.

Discrepancies between the tap positions of different phases will create unbalanced voltages,
and so can also be detected by phase-voltage unbalance protection which normally trips the
transformer. Out-of-step conditions are common for certain applications (see 7.3.8).
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9.8 Vacuum interrupter monitoring system

Monitoring systems for detecting the electrical current flow through the vacuum interrupter are
available for reactor type tap-changers with vacuum interrupter and tap selector design (see
Figure 13), which prevent the tap selector from operating in case of vacuum interrupter
failure.

The system monitors the current through the vacuum interrupters utilizing saturating current
detectors located in the stationary leads to or from the vacuum interrupter. The logic circuit of
the device controls the current after the vacuum interrupters have opened but prior to the
movement of the tap selector contacts. If there is current flowing when it should not be, the
monftoring system commands the motor-drive to return the OLTC to the position of.drigin
befofe the tap selector opens any contact and prevents further operations.

It shiould be borne in mind that while handcranking a tap-changer, the monitoring systgm is
disabled and cannot prevent the equipment from operating with a malfunctioning vaquum
interfupter.

10 Fittings and accessories for OLTCs

10.1] General

The |luse and application of the fittings and accessories described in 10.2 to 10.8 should be
agreed to between the transformer and the tap-changer,manufacturers.

10.2| Valves, air release vents and liquid-sampling devices

All vialves should be capable of withstanding the pressure and vacuum requirements of the
tap-¢hanger and the transformer to which the'tap-changer is to be fitted.

Divefter compartments should be fittedowith drain and filter valves and air-release vents| For
some¢ tap-changers, an isolating valve, fitted between the diverter compartment and the
congervator, normally provided by the transformer manufacturer, is required for each diverter
compartment.

Separate tap selector compartments should be fitted with a drain valve and top and bgttom
filter|valves, a liquid sampling device accessible from ground level, and air release vents.| The
bottam filter valve may\be combined with the drain valve. An isolating valve fitted betwee£ the

selegtor and the conservator, normally provided by the transformer manufacturer, is required
for dach selectar\compartment. Where required, equalizing valves between the tap selgctor
compartment.and the main tank should be provided by the transformer manufacturer.

A plpte showing the function of all valves, air-release vents and liquid-sampling devjces,
normallyprovided by the transformer manufacturer, is recommended for each installation.

10.3 Liquid-level gauges

IEC 60214-1:2014, 5.1.3, or IEEE Std C57.131-2012, 5.1.3, requires that liquid-level gauges
be fitted to the liquid compartments for diverter or selector switches with integral expansion
volume or separate conservators for these compartments. Such gauges should be readily
visible with the transformer in service. In some instances, this gauge may be supplied by the
transformer manufacturer rather than the tap-changer manufacturer.

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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10.4 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-level condition. The device may be separate from, or integral with, any
liquid-flow operated relay. In some instances, this device may be supplied by the transformer
manufacturer rather than by the tap-changer manufacturer.

Similarly, a device should be fitted to detect low liquid level in the liquid compartments for tap
selectors, with separate conservators of the main tank. In most instances, this device may be
supdlied by the tfransformer manufacturer rather than the tap-changer manufacturer.

10.5| Dehydrating breathers

If the tap-changer can interact with the atmosphere external to the transformer, /@ dehydrating
breather or other suitable device should be fitted to the liquid compartments for divert¢r or
selegtor switches with integral expansion volume or separate consérvators for these
compartments. In some instances, this breather may be supplied‘“by the transfofmer
manpfacturer rather than the tap-changer manufacturer.

Similarly, a dehydrating breather should be fitted to the liquid compartments for tap seledtors,
with [separate conservators of the main tank. In most instancés, this breather may be supplied
by the transformer manufacturer rather than the tap-changér manufacturer.

Wheh determining the appropriate volume of the dehydrating breather, it has to be considered
that [the liquid volume of the tap-changer compartmeént is small compared to the transformer,
althqugh breathing is more frequent.

10.6| Oil filtering equipment

Oil filtering units can be used to maintain the oil quality within the tap-changer diverter syitch
or sglector switch compartment at a high level. Such oil filtering equipment is available forf use
eithgr to keep the water content of'the oil at a low level or to reduce carbon contamination of
the pil caused by the arcing-of non-vacuum type tap-changers. Commercial oil filt¢ring
equipment combining both functions is also available.

Oil filtering is recommended mainly for non-vacuum type OLTCs in humid climates, when |high
operption frequencies_are expected and/or at high dielectric stresses.

The use of such il filtering equipment does not extend the contact life.

10.7| Devices to aid maintenance

The design of the tap-changer and transformer should take into account the need to carry out
maintenance safely. ltems that require regular maintenance should be made reasonably
accessible.

10.8 Nameplate and other plates

In addition to the nameplates for the tap-changer and motor-drive mechanism required by
IEC 60214-1:2014, Clause 9, or IEEE Std C57.131-2012, Clause 9, where appropriate, a
vacuum capability plate should be attached, identifying the vacuum capability of the various
compartments of the tap-changer.
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11 Storage and installation of the tap-changer

11.1 Storage of OLTC and DETC when not in operation
11.1.1  General

Subclause 11.1 is broken down into two subclauses, 11.1.2 and 11.1.3. First is 11.1.2, on
storage of the uninstalled tap-changing equipment prior to becoming part of an apparatus,
such as a transformer, on which it will be applied. Then 11.1.3 concerns the storage when the
equipment is installed on the apparatus, but while the apparatus is not in service for
significant periods of time (more than a few weeks).

11.112 Storage prior to installation

Duripg the shipment and pre-installation storage of the tap-changing equipment, [it is
impdrtant to consider the fact that it is not typically protected from the envirtgnment by an
insulating medium (liquid, SFg, etc.), and parts not intended for exposure to the environment

can |[be affected adversely. Ferrous materials can rust, and current garrying material| can
oxidize, tarnish, or otherwise deteriorate. Hygroscopic materials (e.g. paper insulation)| can
absdrb sufficient moisture to affect their insulating characteristics and, in extreme cases, [their
mechanical suitability. Therefore, it is important to protect this edquipment during this stofage
perigd. Typically, tap-changer manufacturers package their\ ‘equipment for short{term
expdsure, and it is suitable for storage for several months  under roof as long as| the
packaging has not been compromised. Once removed fromthe packaging, it should be stored
in a|dry environment and installed as soon as practical.\lf the tap-changing equipment{| has
been exposed to the environment for a significant period, all current carrying contacts should
be ¢leaned according to the manufacturer's recgmmendations before the tap-changer is
instglled. Also, perform a careful inspection for corrosion in general, followed by appropfriate
cleaning/repair according to the manufacturer'sitecommendations. If the equipment packdging
is ogened or has been removed, it should berepackaged in such a way as to protect it [from
moigture. This could include, but is not limited to, sealed moisture-proof wrapping with a
desigcant, or placement in a temporary liquid or gas filled container.

For tap-changers which come in.their own tank, such as "compartment type tap-changgrs",
the ipternal components should\be protected by the presence of dry air or nitrogen. If those
tap-¢hangers have been opened, for any reason, they should be purged and refilled with dry
gas pefore being placed in'storage. Humidity in the compartment should be checked at |east
annyally. A desiccant can be used as long as it is removed before the tap-changer is used.

External operating mechanisms should be protected as well. For hand operated tap-changers
and |gear boxes'\the same guidelines as for the tap-changer should be followed.| For
motqr-drive mechanisms, it is recommended that an anti-condensation heater be energiz¢d at
low |wattage\ to prevent corrosion inside the cabinet. Many motor-driven mechanisms| are
supdlied with these heaters which can be energized even if the motor-drive is not installed.

11.1:3—Storage-after-installation

Once a tap-changer is installed and is part of the complete apparatus, it is much more
protected. If the apparatus and tap-changer are liquid filled with liquid preservation systems in
place or SFg gas closed systems, the tap-changer is fully protected in most cases. The only
limitation is that the liquid preservation system or SFg gas closed system should be
maintained even when the apparatus is out of service. If the apparatus and/or the tap-changer
is/are not liquid/SFg gas filled, the unfilled compartments should be filled with dry air or

nitrogen and checked regularly for dryness according to the tap-changer manufacturer's
recommendation.

Once installed, most hand operated external mechanisms are fully protected by their inherent
design. However, installed motor-drive mechanisms should be protected from moisture and
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corrosion by energizing an anti-condensation heater. Most are provided with such a heater. If

vent

11.2

openings are provided, they should not be blocked.

Leads assembly to/at the tap-changer

In the case of in-tank-type tap-changers, it should be ensured that the layout of conductive
parts in the vicinity of the tap-changer does not adversely affect the internal electrical field
distribution within the tap-changer. The connection of the leads to the tap-changer should not
affect the thermal and dielectric integrity of the tap-changer.

Whe

re many leads are connected to the tap-changer, all these leads can form an elec

shield to the surroundings. However, single conductors or tap-changer contacts may
additional insulation or shielding when they are directly exposed to the surroundings,

rical

need

Tap-changers are connected to the transformer with many conductors, and these can éxert
icant forces on the tap-changer during short-circuits and inrush pcufrents. These
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Attention should be given to provide sufficient access (e.g. manholes) to the leads/term

and

In-ta

uctors can also exert weight and forces on the tap-changer body and.exert unaccepf

attached, so that the forces and unsupported weight are kept'to a minimum to pre
bper operation or mechanical damage to the tap-changer.

Tap-changer mounting to the transformer tank

partment type OLTC can be installed either by/means of a bolted flange or we
tly on the transformer tank. In the latter case, ‘the benefit is the elimination of pote
5 that could develop in gaskets over the transformer's lifetime.

he reactor (reactor type tap-changerionly) in the event of a field repair.

Ihk OLTCs can have two types ©f installation as illustrated in Figure 22.

s during installation and transport and influence resistance against garthquake forceg.
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transformer manufacturer should ensure that the conductors’,aré adequately suppdrted
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a) Cover mounted b) On the active part

Figure 22 — Types of in-tank OLTC installations within the transformer
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There is no clear preferential design at the manufacturing stage; the choice of the transformer
manufacturers is generally determined by their design philosophy, experience and
occasionally the crane and drying oven capacities. However, for field repairs, the mounting on
the active part would complicate removal and insertion of OLTC components.

For applications where replacement of the OLTC is anticipated during the life of the
transformer, facilities should be incorporated for the removal of the tap-changer.

If the tap-changer is operated without the motor-drive unit, for example during the transformer
assembly at the transformer manufacturer, the coupling of the tap-changer with its motor-drive
should be daone with careful coordination of the position as indicated in the manufacturer's

handbook.

Qil lgaks to the environment and moisture ingress are a serious concern to all-transfomer
userp. Consideration should therefore be given to the evaluation of sealing systems which are
incofporated. While some general good practices are well known, such 'as the use of
compression controlling assemblies (stops, grooves) for soft gaskets, thé most appropfriate
solufion to each application is always determined by the best compromise over multiple
factdrs, including temperature, dimensions, material compatibility,{usage, etc. For more
detalls on this topic, refer to CIGRE Technical Brochure 445.

11.4| Processing and filling

Processing of transformer insulation requires the application of heat and vacuum. When this
procgssing is performed with the tap-changer included{it is important to avoid damaging|it by
staying within the limits provided by the manufacturer) These include, but are not limitefd to,
temperature, temperature rate of rise, pressure. differential (pressure or vacuum applied),
solveént compatibility, and the duration of exposure to any of these. During the drying progess,
it is|necessary to ensure that if liquids are, involved, they can drain from all parts [of a
tap-¢hanger during the drying process.

Somgtimes, internal tap-changer assemblies also require drying before use.

In case of drying of gas-filled\power transformers (SFg-insulated tap-changer) with ojvens

prevjously used for liquid-immersed transformers, proper treatment of the oven shall be
performed to reduce the effects of residual vapour.

Typigally, tap-changeérs*are suitable, within limits, for the same processing as the aftive
element of the transformer, but the accessory components may not be. Accegsory
components can.include breathers, gauges, sensors, barrier boards, gear boxes, etc.

Aftelf drying;y.the lubricants used in tap-changer assemblies are removed. Therefore, it is ¢ften
recommeénded that moving parts, such as sliding contacts, are re-lubricated. In some cgses,
the drying process results in the loosening of hardware, which requires re-torqueing and, in
sSome CaSetsS; 1€ i"i O SCrew G" aCCoO G’i O a ’-" ecommen gations.
After drying, a general inspection of the tap-changer components should be performed to
ensure there is no damage, corrosion, deterioration, or warping of components.

During liquid or gas filling, it is important to follow the manufacturer's guidelines for
temperature and pressure/vacuum. Temperatures and differential pressures should always be
taken into account. In most cases it is required that the compartments be connected together
to eliminate a differential pressure.

11.5 Operation of OLTC for ratio measurement

To verify the sequencing of contacts is correct, it is recommended to operate the tap selector
slowly enough to recognize a loss of continuity within the tap-changer circuit. The device used
to ensure continuity should be such that it can detect very brief open circuit conditions. Note
that if tie-in resistors are applied to control the open circuit voltage of the change-over
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selector, it can mask an open circuit condition, making detection of erroneously sequencing
contacts more difficult.

NOTE 1 The operation of some OLTCs other than by using their motor-drive might cause severe damage to the
tap-changer. The tap-changer manufacturer's handbook is followed.

NOTE 2 When operating the OLTC from the motor-drive cabinet using the hand crank, the direction of rotation is
never reversed before the initiated operation has been finished.

One method for detecting an unacceptable loss of continuity is to excite the transformer's
high-voltage side with a low voltage (e.g. 200 V AC) and monitor the output with an analog
meter while very slowly moving the tap-changer between positions and carefully watching for
a vefly brief loss or drop-off of the output voltage which corrects itself before reaching the[next
on-ppsition condition.

When performing a diverter switch sequence testing, consider that since the current leVel is
only|in the mA range, a contact bounce of a few milliseconds (absence of lan arc) cah be
obsgrved on an oscilloscope. Therefore, it can be necessary to check the waveform only gfter
the waveform has stabilized.

12 Field service (operation, maintenance and monitoring)

12.1] Commissioning
12.1}{1 General

Depénding on design, transport limitations, etc., dhe’/tap-changer, when delivered onisite,
might be anything from totally disassembled from:the transformer to fully assembled, oil filled
and feady for service.

Any kign of transportation damage should,be'investigated to see whether it requires meagures
to bg taken or whether it can be accepted:

It is [mportant to follow the transformer and tap-changer manufacturer's instructions on hqw to
re-agsemble and test the tap-changer before energizing the transformer.

A number of tests are available to verify the basic functions of the OLTC; a complete detgiled
list with descriptions can\be found in CIGRE Technical Brochure 445 and IEEE Std C57.152.

Certgin measurements to verify the basic functions are given in 12.1.2 to 12.1.5.

Instruments (used to detect problems with OLTCs have been constructed to enable monitpring
of the actien*of some of the moving parts of the tap-changer. These will provide an analydis of
the mechanical action within the tap-changer diverter, selector and motor-drive mechanism.

It is important to understand how each type of tap-changer operates and what the normal
characteristics should be. For example, certain types of tap-changers will exhibit contact
bounce, which is quite normal but, if not understood, can cause concern to the operator of the
test equipment.

12.1.2 Transformer ratio measurement

For most utilities, a transformer ratio test and evaluation before commissioning is a routine
requirement. If not, it is strongly recommended to perform and evaluate such a measurement
if any form of dismantling of the tap-changer has been done due to transport or other reasons.

For more information, refer to 11.5.
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12.1.3 Tap-changer concerns during winding resistance measurement
12.1.3.1 General

Metallic contacts immersed in insulating liquids can show high variability in resistance when
measured at low currents, due to the formation of resistive films (especially if there is high
oxygen concentration in the oil). Such films need a certain voltage drop to be completely
fritted or to have been connected for a certain amount of time to plastically deform the oxide
layer, and thereby establish metal-to-metal low resistance contact. The fritting requires a
current of a few tens of amperes, which is not always possible during DC resistance
measurements in a transformer. In most practical cases when the transformer is loaded, the

contast—surfacs RS 2 od—and—the—resistance—w have—norma alyes— The
prefe@rable current lev east 10 A. Also in cases with harmless resistive filims on
the tap-changer contacts and measuring with low currents, applicable limits of the resistance

readjngs might be exceeded.

NOTH OLTCs are not intended to interrupt pure DC-loads. Therefore, when doing resistance_measurements and
operating the OLTC with the DC-current present, this can result in pitting of contacts and geheration of acetylene.
Thes¢ phenomena are accelerated with increasing current level and number of operations.

12.113.2 Test guidance

As an important point of reference, it is recommended that before.6perating the tap-changer,
the test sequence should be started by measuring the resistance in the position in which the
tap-¢hanger is found.

In case of measuring results outside the given limits~ifi. any position, the following stepg are
recommended to determine whether there is only adyarmless resistance film phenomenon|or if
therg is another more serious condition in the equipment.

a) Carry out the measurement through the different tap positions as usual.

n the event that the test shows random variation in resistances through the différent
pgositions, when a normal resistance was measured previously, this is a preliminary
ndication of the presence of harmless resistive contact films.

Confinue with the following steps to further investigate whether an issue of concern exists|
b) Qperate the tap-changefr without load at least five times across the contacts in quegtion
gnd repeat the measurement.

A significant reduction in resistance indicates only a harmless resistance | film
ghenomenon.

If the change:in resistance is insignificant, continue with step c) or d), as applicable.

there istincreased resistance in only one or a few positions, it might be useful to Igave
ne contact in position for at least 2 h and measure again.

I
t
A significant change in resistance indicates only a harmless resistance film phenomenpn.

the Cchangde In resistance IS Insignircant, continue witn step d).

d) If there are still unacceptable measured values, force a current as high as possible for a
few seconds considering the acceptable limits for the connected winding and the power
source, but at least 20 A, and repeat the measurement.

A significant change in resistance indicates only a harmless resistance film phenomenon.
If the change in resistance is insignificant, further investigation is needed. For assistance,
consult the transformer and the tap-changer manufacturers.

12.1.4 Check of the synchronization of the drive system

Before commissioning or after repair work involving the dismantling of anything in the drive
system, it is important to check the coordination between the drive system and tap-changer as
well as between the tap-changing units driven by a common drive system following the
manufacturer's instructions.
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