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INTERNATIONAL ELECTROTECHNICAL COMMISSION

RAILWAY APPLICATIONS - FIXED INSTALLATIONS -
ELECTRONIC POWER CONVERTERS FOR SUBSTATIONS

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
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ational electrotechnical committees (IEC National Committees). The object of IEC is to promote inter
peration on all questions concerning standardization in the electrical and electronic fields. To_this\4
fldition to other activities, IEC publishes International Standards, Technical Specifications, Technical R

aration is entrusted to technical committees; any IEC National Committee interested in the'subject dg

the IEC also participate in this preparation. IEC collaborates closely with the International Organiz
dardization (ISO) in accordance with conditions determined by agreement between‘\the two organiz

formal decisions or agreements of IEC on technical matters express, as nearlyas’possible, an inter
Eensus of opinion on the relevant subjects since each technical committee ‘has representation
fested IEC National Committees.

Publications have the form of recommendations for international use“and are accepted by IEC |
mittees in that sense. While all reasonable efforts are made to ensure that the technical contenf
ications is accurate, IEC cannot be held responsible for the avay in which they are used or
nterpretation by any end user.

rder to promote international uniformity, IEC National Cemmittees undertake to apply IEC Publ
sparently to the maximum extent possible in their national‘andregional publications. Any divergence |
IEC Publication and the corresponding national or regional publication shall be clearly indicated in th

itself does not provide any attestation of conformity.“Independent certification bodies provide co
pssment services and, in some areas, access to (lEC marks of conformity. IEC is not responsible
ices carried out by independent certification bodies.

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

iability shall attach to IEC or its directors) employees, servants or agents including individual exp4g
hbers of its technical committees and/EC National Committees for any personal injury, property daf
r damage of any nature whatsoever,” whether direct or indirect, or for costs (including legal fe
enses arising out of the publicationjiuse of, or reliance upon, this IEC Publication or any other IEC Publ

Epensable for the correct application of this publication.

ntion is drawn to the passibility that some of the elements of this IEC Publication may be the subject o
s. IEC shall not be held‘responsible for identifying any or all such patent rights.

to the previous edition. A vertical bar appears in the margin wherever a chang
madexAdditions are in green text, deletions are in strikethrough red text.

icly Available Specifications (PAS) and Guides (hereafter referred to as “IEC Publication(s)’).
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International Standard IEC 62590 has been prepared by |IEC technical committee 9: Electrical

equipment and systems for railways.

This standard is based on EN 50328.

This second edition cancels and replaces the first edition published in 2010. This edition

constitutes a technical revision.

This edition includes the following significant technical changes with respect to the previous

edition:

a) Indorporation of DT converters.

b) Cqgrrection of the clearances and withstand voltages due to erroneous use of PD.in
edjtion.

c) Adaption to current ISO/IEC directive part 2, adaption of structure, adaption\of vocal
removal of unused term and abbreviations.

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

FDIS Report on voting
9/2502/FDIS 9/2516/RVD

Full information on the voting for the approval of this Intetrational Standard can be found
reportjon voting indicated in the above table.

This document has been drafted in accordance with' the ISO/IEC Directives, Part 2.

ormer

ulary,

in the

The committee has decided that the contents 'of this document will remain unchanged until the

stabilify date indicated on the IEC website,under "http://webstore.iec.ch" in the data relgted to

the specific document. At this date, the-document will be

e re¢onfirmed,

e wifhdrawn,

e replaced by a revised edition, or

e anjended.
IMPQRTANT =¢The 'colour inside’' logo on the cover page of this publication indicates
that jt contains colours which are considered to be useful for the correct understganding

of itg contents. Users should therefore print this document using a colour printer



https://iecnorm.com/api/?name=11f51fb2222ba5c977c0c53ffa768136

IEC 62590:2019 RLV © |IEC 2019 -7 -

INTRODUCTION

Semiconductor converters for traction power supply differ from other converters for industrial
use due to special electrical service conditions and due to the large range of load variation and
the peculiar characteristics of the load.

For these reasons IEC 60146-1-1 does not fully cover the requirements of railway applications
and the decision was taken to have a specific standard for this use.

Converter transformers for fixed installations of railway applications are covered by-EN-50329
IEC 62695.

Harmgnization of the rated values and tests of the whole converter group are ceyefed by
IEC 62589.
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RAILWAY APPLICATIONS - FIXED INSTALLATIONS -
ELECTRONIC POWER CONVERTERS FOR SUBSTATIONS

1 Scope

This document specifies the requirements for the performance of all fixed installations electronic
power converters, using controllable and/or non-controllable electronic valves, intended for

iopnpower supnnly
tractiopp pply

The devices can be controlled by means of current, voltage or light. Non-bistable/dévices are
assumed to be operated in the switched mode.

This document applies to fixed installations of the following electric traction’ systems:

e railways,

e gujded mass transport systems such as: tramways, light _rail systems, elevated and
underground railways, mountain railways, trolleybusses.

This document does not apply to:

e cranes, transportable platforms and similar transpoftation equipment on rails,
e suppended cable cars,

e funicular railways.

This document applies to diode rectifiers, controlled rectifiers, DC converters, invertefs and
frequgncy converters.

The equipment covered in this document is the converter itself.

2 Noprmative references

The following documengsyare referred to in the text in such a way that some or all of their cpntent
constifutes requireménts of this document. For dated references, only the edition cited applies.
For undated references, the latest edition of the referenced document (including any
amendgments) applies.

Power

IEC 60050-811:49942017, International electrotechnical vocabulary — Part 811: Electric traction
IEC 60146 (all parts), Semiconductor convertors

IEC TR 60146-1-2:49942011, Semiconductor converters — General requirements and line
commutated converters — Part 1-2: Application guide

IEC 60529:1989, Degrees of protection provided by enclosures (IP Code)
IEC 60721 (all parts), Classification of environmental conditions

IEC 60721-3-3:1994, Classification of environmental conditions — Part 3: Classification of
groups of environmental parameters and their severities — Section 3: Stationary use at
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weatherprotected locations

AMD1
AMD2

11995
11996

IEC 60721-3-4:1995, Classification of environmental conditions — Part 3: Classification of
groups of environmental parameters and their severities — Section 4: Stationary use at non-
weatherprotected locations

AMD1

11996

IEC 60850:20072014, Railway applications — Supply voltages of traction systems

IEC 6
Comp

IEC 6
Comp
voltag

IEC 6
Measl
Applici

IEC 6

IEC 6]
Emiss

IEC 61
— Clesg

EN-50

3 Terms and definitions

For th

000-2-4:2002, Electromagnetic compatibility (EMC) — Part 2-4: Environm
btibility levels in industrial plants for low-frequency conducted disturbances

000-2-12:2003, Electromagnetic compatibility (EMC) — Part 2-12: \Environm
btibility levels for low-frequency conducted disturbances and signalling.imypublic me
e power supply systems

992-7-1:2006, Railway applications — Fixed installations — DC switchgear — Pa
rement, control and protection devices for specific use. in’ DC traction systs
ation guide

P236 (all parts), Railway applications — Electromagnetic compatibility

P236-5:20082018, Railway applications — Electromagnetic compatibility — P
jon and immunity of fixed power supply installations and apparatus

P497-1:2010, Railway applications — IngGlation coordination — Part 1: Basic require
rances and creepage distances for all electrical and electronic equipment

329:2003. Rail o D . Tracti .

e purposes of thissdocument, the following terms

and definitions apply.-ta-this-sta;

ent —

ent —
pdium-

It 7-1:

)ms p—

art 5:

iments

ISO and IEC maintain terminological databases for use in standardization at the following
addresses:

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

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

NOTE

An alphabetical index is given in Annex C.
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3.1 Semiconductor devices and combinations

3.11

semiconductor device

device whose essential characteristics are due to the flow of charge carriers within a
semiconductor

[SOURCE: IEC 60050-521: 2002, 521-04-01, modified — note omitted]

3.1.2

(valve device) stack
a singfe-strueture-ef-ene
xiliaries if any

ing(s)

[SOURCE: IEC 60050-551:1998, 551-14-12]

3.1.3
(valve device) assembly
an elgctrically and mechanically combined assembly of electronic jdlve devices or dtacks,
complete with all its connections and auxiliaries in its own mechani€aj“structure

[SOURCE: IEC 60050-551:1998, 551-14-13]

3.1.4
electrpnic power converter
operalive unit for power conversion comprising one{or more assemblies of semiconductor
devicgs

Note 1 fjo entry: The transformers are described in IEC(62695

[SOURCE: IEC 60050-551:1998, 551-12:01, modified — “electronic” has been orpitted.
“electjonic valve devices, transformers-and filters if necessary and auxiliaries if any” hag been
replaced with “assemblies of semicefnductor devices”. The note 1 to entry has been omitfed.]

3.1.5
trigger equipment-{gating-equipment)
equipment which provideshsuitable trigger pulses from a control signal for controllable] valve
devicgs in a converteror power switch including timing or phase shifting circuits,| pulse
generating circuits andyusually power supply circuits

3.1.6

system control equipment
equipment associated with a converter equipment or system which performs aut¢matic
adjustment of the output characteristics as a function of a controlled quantity

3.2 Arms and connections

3.21

(valve) arm

a part of the circuit of an electronic power converter or switch bounded by any two AC or DC
terminals and including one or more simultaneously conducting electronic valve devices
connected together and other components if any

[SOURCE: IEC 60050-551:1998, 551-15-01]

3.2.2

principal arm

a valve arm involved in the major transfer of power from one side of the converter or electronic
switch to the other
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Note 1 to entry:

[SOURCE: IEC 60050-551:1998, 551-15-02]

3.2.3

converter connection
the electrical arrangement of valve arms and other components essential for the function of the
main power circuit of a converter

[SOURCE: IEC 60050-551:1998, 551-15-10]

3.2.4

Depending on the mode of operation a principal arm may act as an auxiliary arm or vice versa.

basic]

converter-connection

[EV 551-15-11]}

L

. .

e

W

3.2.4

unifoim connection

a cony
[SOUR

3.2.5

ection with either all principal arms controllable®or all principal arms non-controlla

RCE: IEC 60050-551:1998, 551-15-15]

non-uniform connection

a coni

[SOUH

ection with both controllable afid non-controllable principal arms

RCE: IEC 60050-551:1998;:551-15-18]

ble

HE\/.
e

-
V—0

3.2.6

o4 U Ak |
= ; HTOOHTCO]

parallel connection <for converters>
connection in which two or more converters are connected in such a way that their currents add
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3.3 Controllability of converter arms-and-quadrants-of operation

3.3.1 \Q/

controllable valve device
a valve device the current path of which is bistably controlled in its conducting direction

[SOURCE: IEC 60050-551:1998, 551-14-03]

3.4 Commutation, quenching and commutation circuitry

3.41
commutation
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in an electronic power converter the transfer of current from one conducting arm to the next to
conduct in sequence, without interruption of the current, both arms conducting simultaneously
during a finite time interval

[SOURCE: IEC 60050-551:1998, 551-16-01]

3.4.2
quenching
the termination of current flow in an arm without commutation |

[SOURCE: IEC 60050-551:1998, 551-16-19]

3.4.3
direct commutation
a commutation between two principal arms without transfer through any auxiliakyarms |

[SOURCE: IEC 60050-551:1998, 551-16-09]

3.4.4
indirect commutation
a serips of commutations from one principal arm to another<r,back to the original dne by
succesgsive commutations via one or more auxiliary arms

[SOURCE: IEC 60050-551:1998, 551-16-10]
e

exterpal commutation
HEV- 551-16-11]

3.4.5
line commutation
an exfernal commutation where the sommutating voltage is supplied by the line

Note 1 jo entry: In the text commufated is used instead of commutation.

[SOURCE: IEC 60050-55111998, 551-16-12]

3.4.6
load gommutatjon
an exf{ernal commutation where the commutating voltage is taken from a load other thgan the
line

[SOURCE? IEC 60050-551:1998, 551-16-13]

3.4.7

self commutation

a commutation where the commutating voltage is supplied by components within the converter
or the electronic switch

Note 1 to entry: In the text commutated is used instead of commutation

[SOURCE: IEC 60050-551:1998, 551-16-15]

3.5 Commutation characteristics

3.54
tati ircuit

[IEV 551-16-03]
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3.5.1
commutating voltage
the voltage which causes the current to commutate

[SOURCE: IEC 60050-551:1998, 551-16-02]

NOTE |Forline ormachine commutated converters-the commutationreactance-is-the impedance of the ¢
NoHE—fFoefHRe-oFrmachh mRttatea-convertersth ommutatonreactan is—the-Hmpeaan Hth o

breeee o e e e s e
3.5.2
angle|of overlap
u

duratipn of the commutation interval between a pair of principal arms{_expressed in ahgular
measure, where the two arms carry current

[SOURCE: IEC 60050-551:1998, 551-16-05, modified — “durafion of”, “between a gair of
princigal arms,” and “,where the two arms carry current” have ¥€en added.]

3.5.3
commutating group
a grodp of principal arprs\which commutate cyclically among themselves without intermlediate
commptation of the clrfent to other principal arms

[SOURCE: IEC.60050-551:1998, 551-16-08]

3.5.4
comnjutation number
q
number of commutations from one principal arm to another, occurring during one period of the
alternating voltage in each commutating group

[SOURCE: IEC 60050-551:1998, 551-17-03, modified — “during one elementary period” has
been replaced with “occurring during one period of the alternating voltage”.]

3.5.5
pulse number

P
number of non-simultaneous symmetrical direct or indirect commutations from one principal arm

to another, during one period of the alternating voltage

[SOURCE: IEC 60050-551:1998, 551-17-01, modified — “which occur during one elementary
period” has been replaced with “during one period of the alternating voltage”.]


https://iecnorm.com/api/?name=11f51fb2222ba5c977c0c53ffa768136

IEC 62590:2019 RLV © |IEC 2019 - 15—

3.5.6

trigger delay angle

a

time expressed in angular measure by which the trigger pulse is delayed with respect to the
reference instant (see Figure 1)

Note 1 to entry: For line, machine or load commutated converters the reference instant is the zero crossing instant
of the commutating voltage.

For AC controllers it is the zero crossing instant of the supply voltage.

For AC controllers with inductive load, the trigger delay angle is the sum of the phase shift and the current delay
angle

[SOURCE: IEC 60050-551:1998, 551-16-33, modified — The end of the definition “in th(ls case
of phase control” has been removed. The note 1 to entry has been changed.]
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Figure 1 — lllustration of angles
3.5.7
trigger advance angle
B

(see Figure 1)

the time expressed in angular measure by which the trigger pulse is advanced with respect to
the reference instant

Note 1 to entry: With line, machine or load commutated converters the reference instant is the zero crossing instant
of the commutating voltage.

[SOURCE: IEC 60050-551:1998, 551-16-34]
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3.5.8
extinction angle

v

ular measure, between the moment when the current of the arm falls to

oltage

value pf a quantity used for specification purposes, established/for’a specified set of opgrating
conditjons of a component, device, equipment, or system

[SOURCE: IEC 60050-151:2001, 151-16-08]

3.6.2
rated ffrequency <for converters>
N
frequgncy on either side of the converter for the conversion of which the converter grpup is
designed to operate

3.6.3
nominal voltage <for converters>
Un
voltage by which a converter.is designated

Note 1 fo entry: The stapdardized values of nominal voltages are given in IEC 60850.

3.6.4
rated fnsulationivoltage
UNm
rated yalue_of the RMS withstand voltage-value assigned by the manufacturer to the equipment
or to g part of it, characterizing the specified-permanent (long-term) withstand capability of its
insulation

Note 1 to entry: Standardized values of rated insulation voltages are given in IEC 62497.

[SOURCE: IEC 60050-312: 2014, 312-06-02, modified — note 1 to entry removed]

3.6.5

rated AC voltage on the supply side of a converter

UNv

RMS value of the no-load voltage between vectorially consecutive commutating phase terminals
of a commutating group
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3.6.6

rated AC voltage on the traction side of a converter

Unt

RMS value of the no-load voltage on the traction side of a frequency converter

3.6.7

rated direct voltage

Und

specified value of the direct voltage between the DC terminals of the converter assembly at
basic direct current

Note 1 fo entry: This value is the mean value of the direct voltage.
Note 2 o entry: A converter may have more than one rated voltage or a rated direct voltage range.

Note 3 fo entry: The rated direct voltage of a converter depends on the characteristics of the\transformgr and a
guaranteed value of rated direct voltage is valid only together with the transformer (see IEC 62589).

3.6.8
basic|service current on the supply side of a converter
IBv
RMS value of the AC current, containing all harmonics, on the Supply side of a convefrter at
basic furrent on the DC side

Note 1 fo entry: For polyphase equipment, this value is computedrom the basic direct current on the basis of
rectangular shaped currents, 120° conducting, of the converter elements. For single phase equipment, the basis of
calculafion must be specified.

3.6.9
rated current on the traction side of a frequency converter
Ing
RMS value of the AC current on the tractionside of a frequency converter under rated conditions

3.6.10
basic|current <for converters>
Ig
mean alue of the current for'specified load and service conditions

3.6.11
basic|direct current

Igq
mean [value offye direct current for specified load and service conditions

Note 1 fo entry:  Together with a duty class I, is considered as the 1,0 p.u. value, to which other values ¢f 1, are
compargd.

3.7 Load capabilities

3.71

duty class

tabled representation of current capability and test values for standard design converters in
terms of current values and duration selected to represent a characteristic group of practical

applications—Fhe-current-values-are-expressed-ir-perunit-of-the-basic-direct-currentigy

Note 1 to entry: The current values are expressed in per unit of the basic direct current 7
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3.7.2
load cycle

conventional representation of the current demand to a converter group

Note 1 to entry: The current values are expressed in A or in per unit of /5

Note 2 to entry: The load cycle shows the repetitive variation of the loads with time and, hence, the overloads and
underloads the converter group is expected to carry, as well as, for the transformers, the duration and intervals
assumgd.

[SOURCE: IEC 60050-881: 2017, 811-28-38 modified — The note 1 to entry has been_shaphged.]

3.7.3
rated DC power

produst-of-the-nominald-c—voltage U, and-the basicdirecteurrentd,

delivefed power at working point of basic direct current /g4

3.7.4
power efficiency
ratio df the output power to the input power of the converter

3.8 |Specific voltages, currents and factors

3.8.1
ideal ho-load direct voltage
Uai
theordtical no-load mean direct voltage_ofa converter, assuming no reduction by phase cpntrol,
no voltage drop in the assemblies and,no voltage rise at small loads

[SOURCE: IEC 60050-551:1998,:651-17-15, modified — “mean” has been added. “AC/D{” has
been femoved. “no threshold\véltages of electronic valve devices” has been replaced w|th “no
voltage drop in the assemblies®.]

3.8.2
controlled ideal no-load direct voltage

theordtical no-load direct \/nlfngp of an AC/DC converter r‘nrrnqpnnding to a anpr*ifind rigger

delay angle assuming no threshold voltages of electronic valve devices and no voltage rise at
small loads

[SOURCE: IEC 60050-551:1998, 551-17-16—odified]

3.8.3

conventional no-load direct voltage

Udo

mean value of the direct voltage which would be obtained by extrapolating the direct
voltage/current characteristic for continuous direct current back to zero current

Note 1 to entry: U is equal to the sum of Uy, and the no-load voltage drop in the assembly.
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[SOURCE: IEC 60050-551:1998, 551-17-17, modified — “from the region of continuous flow of
direct current to zero current at zero trigger delay angle, i.e. without phase control” has been

replac

ed with “for continuous direct current back to zero current®.]

3.8.4
real n

Udoo
actual

[SOUH

3.8.5
ideal
Uim

p-load direct voltage
mean direct voltage at zero direct current

RCE: IEC 60050-551:1998, 551-17-19]

Crest no-load voltage

no-load voltage between the end terminals of an arm neglecting internal and external v

surge

3.8.6

and voltage drop in valves

transition current
direct current of a converter connection When the direct current of the commytating

mean
group

[SOUH

5 becomes intermittent when decreasing-the current

RCE: IEC 60050-551:1998, 551-17420, modified — “commutation” has been replacs

“‘comnputating”]

3.8.7
direct

voltage drop

differgnce between the conventional no-load direct voltage and the direct voltage at basic

pltage

d with

direct

current, at the same current delay angle, excluding the correction effect of stabilizing me¢ans if
any
HEV-55 721 ifiod]
Note 1 [o entry:\\[he nature of the DC circuit (for example capacitors,-back-e-m-f—lead voltage sources) cap affect
the voltpge drop, significantly. Where this is the case, special consideration is required.
3.8.8
total power factor
A

P active power

apparent power

3.8.9

power factor of the fundamental wave or displacement factor
cos ¢4

active power of the fundamental wave

cos @, =
4 apparent power of the fundamental wave
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3.8
deformationfactor
A
V=——
COS @4
3.9 Definitions related to virtual junction temperature

3.9.1

thermal resistance

quotignt of the difference between the virtual temperature of the device and the tempera

ure of
a stated external reference point, by the steady state power dissipation in.the-device
[SOURCE: IEC 60050-521:2002, 521-05-13]
3.9.2
transient thermal impedance
Zin
quotignt of the variation of the temperature difference;~feached at the end of a time interval
betwepn the virtual junction temperature and the temgerature at a specified external ref¢rence
point Aand the step function change of power dissipation at the beginning of the same time
interval causing the change of temperature
Note 1 {o entry: The transient thermal impedance is given in a characteristic curve as a function of the time interval.
3.9.3
virtuall junction temperature
9;
calculated temperature within<thé semiconductor material which is based on a simplified
repregentation of the thermalland electrical behaviour of a semiconductor device
3.10 [Cooling
3.10.1
cooling medium
liquid [for exafple water) or gas (for example air) which removes the heat from the equipment
3.10.2
heat t nt

liquid (for example water) or gas (for example air) within the equipment to transfer the heat from
its source to a heat exchanger from where the heat is removed by the cooling medium

3.10.3

direct cooling
method of cooling by which the cooling medium is in direct contact with the parts of the
equipment to be cooled, i.e. no heat transfer agent is used

3.10.4

indirect cooling
method of cooling in which a heat transfer agent is used to transfer heat from the part to be
cooled to the cooling medium
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natural circulation <for converters>
convection

method of circulating the cooling medium or heat transfer agent which uses the change of
volumetric mass (density) with temperature

3.10.6

forced circulation
forced cooling

method of circulating the cooling medium or heat transfer agent by means of blower(s), fan(s)
or pump(s)

3.10.7

thermjal equilibrium-temperature

steady
condit

Note 1
necess

3.1

3.11.1
electr
any va
of per

3.11.2
immu
specif]
requir

-state temperature condition reached by a component of acconverter under sp
ons of load and cooling

to entry: The steady-state temperatures are in general different for different components. Th
hry to establish steady-state are also different and proportional,to‘the thermal time constants.

Electromagnetic compatibility and harmonic distortion
cal disturbance

riation of an electrical quantity, beyond specified limits, which can be the cause of
ormance or an interruption of servicelor damage

hity level <for converters>
ed value of an electrical-disturbance below which a converter is designed to m¢g
bd performances or continue operation or avoid damage

harmonic distortion

ncies whigh“are integral multiples of the frequency of the sinusoidal input signal

pcified

b times

aloss

et the

of non-lineaxity” distortion characterized by the production of output componenfs with

4 Symbols

dyig inductive direct voltage drop due to converter transformer referred to Uy;

eyB inductive component of the relative short-circuit voltage of the converter transformer
corresponding to the basic current on the supply side of the transformer

N rated frequency

g number of sets of commutating groups between which /g4 is divided

h order of harmonic

basic direct current
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Igy basic service current on the supply side of a converter
1y direct current (any defined value)

Int rated current on the traction side of a frequency converter
I, current on the supply side of a converter

K coupling factor

p pulse number

P active power

q commutation number

s number of series connected commutating groups

u angle of overlap (commutation angle)

U, power frequency withstand voltage

Ugdx total inductive direct voltage drop at basic direct current
Uy direct voltage (any defined value)

Uqo conventional no-load direct voltage
Yyge1—Vvalue-of U -with-trigger-delay-angle«

U400 real no-load direct voltage

Uyi ideal no-load direct voltage

Udia controlled ideal no-load direct voltage

Uim ideal crest no-load voltage

Up nominal voltage

Ung rated direct voltage

Uni impulse voltage

Unm rated insulation voltage

Unt rated AC voltage on. the traction side of a frequency converter
Unv rated AC voltage*on the supply side of a converter
Uyo no-load phase to phase voltage

o trigger-delay angle

&p—%mmw

trigger advance angle

Y extinction angle

A total power factor
v deformation factor
o1 displacement angle for the fundamental component of /g,

5 Operation of semiconductor power equipment and valve devices

5.1 Classification of traction supply power converters and valves

511 Types of traction supply power converters
a) AC to DC conversion:


https://iecnorm.com/api/?name=11f51fb2222ba5c977c0c53ffa768136

1)
2)

- 24 — IEC 62590:2019 RLV © |IEC 2019

diode rectifier;
controlled rectifier.

b) DC to AC conversion:

1)

inverter.

c) AC to AC conversion:

1)
2)

direct frequency converter;
DC link frequency converter:
i) supply side;

HAYER T7-V-8 1PN ~S-X F= PN
oTOTT

d) D

2)

For th

5.1.2
A con
a) fre
b) vo
c) nu

d)—flof

ac

e

)
)

_.,
Q

) P
51.3

Semid|
valve

Valves

a) no

o
LY tTrorCtroTT

[ to DC conversion
chopper, i.e. direct DC to DC converter;

NOTE For example, such converters are used inside stationary energy storage“\system def
IEC 62924.

indirect DC to DC converter.

b information required see Annex A.

Purpose of conversion

erter changes or controls one or more characteristies such as:

quency-(including zero frequency),
tage,

mber of phases,

v-of reactive power;

blity of load power.

five power flow,

reqctive power flow,

wer quality parameters
Classification-of'semiconductor valve devices

onductor valves-can be turned off either by commutation implying that the current

ined in

of the

s transferred-to another valve or by quenching if the current of the valve falls to z¢ro.

usedsin traction supply power converters can be divided into the following catego|

ries:

n-cohtrollable valve with a conductive forward and a blocking reverse characferistic

(d

ode);

b) valve with a controllable forward and a blocking reverse characteristic (e.g. reverse blocking
thyristor);

c) valve with a controllable forward and a conductive reverse characteristic (e.g. reverse

co

nducting thyristor);

d) valve with a controllable forward and / or reverse characteristic which can be turned on
and/or off via a signal applied to the gate (e.g. gate turn-off thyristor, insulated gate bipolar
transistor);

e) valve with controllable forward and reverse characteristic (e.g. bi-directional thyristors).
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5.2 Basic calculation factors for line commutated converters

5.2.1

Voltage

The ideal no-load direct voltage Uy; is obtained from the voltage between two commutating
phases U, the commutation number g and the number of series-connected commutating
groups s, between terminals on DC side, by the formula:

U,=U, x 2 x L xsin ™
g p

a) unfiform connection

1)

2)

Ug, =U, xcosa
If the converter load is purely resistive:
0<ac< r.z
for 2 p. U,, =Uy, xcosa
%_130‘3%+£ 1 —sin(@~ 7 /p)
for P P Ugo =Ug X

If the direct current is continuous over the entire control range:

28in(7 / p)

b) nop-uniform connections

5.2.2
At the

conne
transf

Us, =0,5xU x(1+cosa)

dia

Voltage characteristics and transition current

brmer becomes ineffective.

transition current value, the yoltage/current characteristic bends as shown in Fig
The transition current can be -obtained, for example in case of interphase trans
ction, because the direct.current decreases below the critical value where the inten

ure 2.
ormer
phase
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Figure 2 — Voltage-drop regulation

6 Service conditions

6.1 [Code of identification of cooling method

NOTE |[In most cases, the identification egde for the cooling method is the same as that in use for transfornjers.
6.1.1 Letter symbols to be used
6.1.1. Cooling medium or heat transfer agent (see Table 1)

Table 1 — Letter symbols for cooling mediums and heat transfer agents

Cooling medium or heat transfer agent Symbol
Mineral oil (0]
Dielectric liquid (other than mineral oil or water) L
Gas S
Water w
Air A
Fluid used for two-phase cooling P

6.1.1.2 Method of circulation (see Table 2)

Table 2 — Letter symbols for methods of circulation

Method of circulation Symbol

Natural (convection) N

Forced, moving device not incorporated E
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Forced, moving device incorporated

Vapour cooling Vv

6.1.2 Arrangement of letter symbols
6.1.2.1 Direct cooling

The first letter indicates the cooling medium (6.1.1.1), the second the circulation method
(6.1.1.2).

EXAMPLE AN: air cooled, natural circulation (convection).

6.1.2.2 Indirect cooling

The code includes four symbols.

The fitst two letters indicate:

a) the heat transfer agent (6.1.1.1),
b) th¢ circulation method of the heat transfer agent (6.1.1.2).

The ldst two letters indicate:

c) the cooling medium (6.1.1.1),

d) the circulation method of the cooling medium (6.1.1.2).
EXAMPLE OFAF: converter with forced circulated oil (pump) as heat trpnsfer

agent and force€dcirculated (fan) air as cooling medium.

6.1.2.3 Mixed cooling method

forced, two groups of symbols, separated by a stroke, shall indicate both possible methpds of
circulgtion as used, the first group corresponding with the lower heat flow or the lower ambient
air temperature.

For both cases, direct cooling or indirect cooling, if the circulation is alternatively nat:EaI or

Therefore, the complete~code shall include:

a) forldirect cooling: two groups of letters separated by a stroke.

EXAMPLE 1:{~AN/AF: converter with natural direct air cooling and possibilities for
forced direct air cooling;
b) forlindirect cooling: two groups of letter symbols separated by a stroke.

EXAMPI E 2 OFAN/QFAF- converter with forced circulated oil as heat transferlagent
and natural air as cooling medium with possibilities for
forced air as cooling medium.

6.2 Environmental conditions
6.2.1 Ambient air circulation

Equipment installed in a room shall be connected to the (unlimited) supply of cooling medium
or if the cooling air is taken from the ambient in the room, provision shall be made to extract
the heat from the room, which then can be considered as an intermediate heat-exchanger
between the equipment and the outside air.

For converters mounted in an enclosure, the ambient for the converters (internal air of the
cubicle or cabinet) is to be considered as a heat transfer agent and not as a cooling medium.
There is some reflection from the cabinet walls, which should be taken into account. Cubicle or
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cabinet mounted assemblies shall comply with the overload conditions at maximum temperature
of the outside air.

6.2.2 Normal service conditions
6.2.2.1 General

The following limits shall apply unless otherwise specified.

6.2.2.2 Storage and transport temperatures

Minimum Maximum
Storage and transport -25 °C +55 °C

Theseg| limits apply with cooling liquid removed.

6.2.2.3 Operation including off-load periods

6.2.2.3.1 Temperatures of cooling air

Minimum Maximum
a) Extreme values -5°C +40 °C
b) Da4gily average +35 °C
c) Yéelarly average +25 °C

6.2.2.3.2 Relative humidity of the ambient air
a) Minimum: 15 %.

b) Makimum: standard design converters afe designed for the case where no condensation
can occur. If condensationJis to be provided for, the case shall be treated as
special service condition({see 6.2.3).

6.2.2.3.3 Dust and solid particles content

Standgrd design equipment issindoor equipment, pollution degree 3A. (Refer to Table |A.4 of
IEC 62497-1:2010.)

Any cgndition exceeding'PD 3A shall be specified by the purchaser as special service condition.

6.2.2.3.4 Vibrations

The ettuinment ehall he suitable for installation - in-the vicinitvy of 3 rail trae Eoundationd cshall
e egtHpmMesanr—oe-SUianie 1o StaratoiHhme VAcHhty- o R tRACK—F0oURGaHOR$-SAah
be-designedito-dampen-the main—-effe o he b ae-—o he in Neverthele imitad
g a—+to—Gaamp a o D3 ag O a a c
vibratibr0 mited ho N e he eauibmen hich h he nable_—of -op nag
D o e O a a gHHP n a B aHab o+—o6Pp a g
satisfactarilv whaon cuhiactad ta convantional cinusaidal vihrati ons at 10 H=z _caonarat, elv_annlied

Heorizontal acceleration: 5 m/s? 30-s

Standard mechanical environment class for indoor equipment is 3M1 according to IEC 60721-3-
3:1994+AMD1:1995+AMD2:1996 and for outdoor equipment 4M1 according to IEC 60721-3-
4:1995+AMD1:1996.

Any condition differing from the above shall be agreed between purchaser and supplier.
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6.2.2.4 Altitude

With regard to the use of air as cooling medium or heat transfer agent, altitudes up to 1 000 m
are considered as normal. If a converter is to be used at an altitude above 1 000 m but is tested
at normal altitude, the current capability shall be decreased by 1 % for each 100 m by which
the altitude of use exceeds 1 000 m in the case of natural air-cooling, and by 1,5 % for forced
air-cooling.

With regard to the dielectric properties of air, altitudes up to 2 000 m are considered as normal
(refer to IEC 62497-1).

6.2.3

The service conditions are assumed to be those listed under normal service conditions. The
following list gives examples of special service conditions that shall be subject to a gpecial
agreement between purchaser and supplier:

a) spgcial mechanical stresses, for example shocks and vibrations;

b) fofeign particles in the ambient air, for example abnormal dirt or dust;
c) salt air (for example proximity to the sea);

d) high values of relative humidity and/or temperature similar to,those associated with tfopical
climatic conditions;

e) other special service conditions not covered by this list o service conditions exceedipg the
specified limits of normal service conditions.

In cade special service conditions are required, the ‘service conditions listed in IEC 60721
should preferably be used.

6.3 Electrical service conditions
6.3.1 General

For n¢twork conditions concerning ‘the AC supply network reference shall be made [to the
publications of IEC TC 77 and jts_subcommittees.

For n¢twork conditions cencerning the traction supply network reference shall be made to
IEC 62236-5, to IEC 62497-1 and to IEC 60850.

Information on praspective conditions of coexistence between supply systems, disturbing loads
and sensitive apparatus (mostly low current control equipment, other power converters, jpower
capacltors and_sensitive lines such as used for communications, signalling and confrol) is
essential during the early stages of the design of an installation (notably: ratio of short{circuit
power|to’apparent power, presence of capacitors or other converters).

Guidance on calculation methods will be found in IEC TR 60146-1-2.

6.3.2 Limiting values as basis of rating

Unless otherwise specified, the converter shall be designed to operate under the service
conditions specified by the following limiting values.

6.3.2.1 Three-phase AC supply network

6.3.2.1.1 Frequency
Variation
Range 2 % of fy

Rate of change +1 %/s
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6.3.2.1.2 Voltage
Variation
Steady state +10 % / =10 % of Uy

Short time (0,5 to 30 cycles) +15 %/ -15 %
6.3.2.1.3 Harmonics in supply voltage

Refer to IEC 61000-2-12 and IEC 61000-2-4.

NOTE A harmonic distortion of the AC supply voltage can cause overloads:

— in 1R pulse rectifiers and their transformers due to unbalanced load sharing,
— in tWo parallel 6 pulse rectifiers with separate transformers due to unbalanced load sharing,
— in cqpacitive circuits of converters.

6.3.2.1.4 Repetitive and non-repetitive transients

On request the following characteristics shall be specified as far as possible (see Figure| 3):

a) trgnsient energy available at the converter terminals (J);

b) risle time, (from 0,1 to 0,9 p.u. peak value) (us);
c) pe@ak value U gpm/ULwm (p.u.);
d) pejak value U gm/U\wm (p.u.);
e) dufration above 50 % (t) (us).

IEC

NOTE For additional information on AC voltage waveforms, see IEC TR 60146-1-2.

Figure 3 — AC voltage waveform
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6.3.2.2 Single-phase AC traction supply voltage

6.3.2.2.1 Frequency

The frequency range according to IEC 60850 applies.

6.3.2.2.2 Voltage

The voltage ranges according to IEC 60850 apply.

6.3.2.2.3 Harmonics

Refer

6.3.2.1
Refer

6.3.3
The-

7 C

71
711
The p

of AC
losses

The a

7.1.2

The fg

to IEC 61000-2-4.

.4 Repetitive and non-repetitive transients

to 6.3.2.1.4.

DC traction supply voltage

bguenecy voltage range according to IEC 60850 applies.

bnverter equipment and assemblies

Losses and efficiency
General
pwer efficiency may be determined by, €alculation of internal losses or by measur

and DC power at basic load conditions. If the purchaser requires measurement
this shall be mentioned in the procurement specification.

imissible tolerance for losses”is’+ 10 % of the guaranteed value.

Included losses

llowing losses shatlbe included when determining the power efficiency:

a) in

rnal losses in\the assembly such as losses in semiconductor valve devices, in

potential dividers, current balancing means, capacitor resistor damping circuits and v
sufge-divestbfs arresters;

b) logses in-transductors,-interbridge-reactors interphase transformers (if supplied as
thé converter), current limiting and balancing reactors between transformer and thyri
digde.assemblies;

ement
of the

fuses,
pltage

part of
stor or

c) power absorbed by auxiliaries such as fans or pumps and relays unless otherwise specified;

d) losses due to circulating currents;

e) po
7.2

wer consumed in trigger equipment, if any.

Power factor

As the line current to a line commutated converter contains harmonics, it is important to state
the kind of power factor meant when a specification for a guaranteed supply power factor is
written.

Reference is made to the power factor of the fundamental wave or displacement factor cos ¢4
unless otherwise specified.
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For pulse numbers higher than six the difference between the total power factor A and the
displacement factor cos ¢4 is small, but for lower pulse number the difference is significant.

Unless otherwise stated in the contract, for multi-phase converters supplying inductive load the
manufacturer guarantees shall be given on the displacement factor cos ¢4.

NOTE 1 In such cases calculation is adequate to get reliable figures of the displacement factor under the condition
of symmetrical control.

When exact calculations of the displacement factor or of the total power factor are required, knowledge of many
parameters is necessary, including the line impedance. For such calculations refer to IEC TR 60146-1-2.

NOTE 4 For the power factor of diode rectifiers see Annex C of IEC 62589:2010.

Eor
O

D
9

. : ) o :

7.3 |Electromagnetic compatibility (EMC)

Tractipn supply converters shall cope with the requirements for immunity and emission jstated
in the IEC 62236 series.

Additipnal requirements, if anyshall be mentioned by the purchaser in the procurgment
specif|cation.

Cable|routing of AC and-D€ power cables, auxiliary and control cables, filtering etc., wherg such
are ingtalled by the purchaser or third parties shall be in accordance with any instructions prpvided
by the|supplier of the converter and with the requirements of IEC 62236-5.

Immunity and( emission tests of the converter group can be done only together with the
transformer(s) as test of the whole substation. These tests are not subject of this documgnt.
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Contra to-their product standards.

7.4 Rated values for converters
7.4.1 General

Rated values of a converter shall be given either as standard design values for standard design
converters or as closely as possible according to the load that it is intended to serve for special
design converters. The ratings of the converter are not valid if the load is changed to a load for
which the converter is not intended.
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7.4.2 Current values
7.4.2.1 Current values to be specified

Each converter equipment shall have an assigned value for the basic direct current together
with specified current capabilities according to a duty class or a load cycle. The standardized
duty classes according to Table 3 should be preferably used. For other types of duty, duty
classes defined by the purchaser or load cycles according to 7.4.2.3 apply.

NOTE For converters which are operated not continuously but repeatedly, a load cycle is applied not a duty class.
DC to DC converters are examples of these devices.

Table-3—St tarei | et }
Dutyf Current capabilities for Typical applications Note
class converters (relative values in

per unit of Iz,)

1,0 p.u. continuously Frequency converters for mainline
railways
\ a) 1,0 p.u. continuously Mass rapid transit Alterhatively after thermal

eguilibrium of a
b) 1,5 p.u. 2 h — after a) Trolleybusses ¢ )

c) 2,0 p.u. 1 min — after a)

\ a) 1,0 p.u. continuously Mainline railways Alternatively after thermal
equilibrium of a
b) 1,5 p.u. 2 h — after a) Mass rapid transit g )
c) 3,0 p.u. 1 min — after a) Light rail systems
Vil a) 1,0 p.u. continuously Minor railways Alternatively after thermal
. . equilibrium of a)
b) 1,5 p.u. 2 h — after a) Light rail systems
c) 4,5p.u. 15 s — after a) Tramways
VIl a) 1,0 p.u. continuously Masssrapid transit Cumulative

b) 1,5 p.u. 2 h — after a)
c) 2,0 p.u. 1 min — after b)

IX a) 1,0 p.u. continuously Mainline railways Cumulative
b) 1,5 p.u. 2 h — after a)
c) 3,0 p.u. 5 min <.after b)

JP a) 1,0 p.u. continuously Mainline railways Cumulative

b) 1,2 p.u. 2\hr— after a)

c) 3,0p1 min — after b)

NOTE | For fufther information see figures in IEC 62695:2014, Annex A.

The purchaser of a converter shall specify the basic direct current and the duty class.

If for a given application no suitable standardized duty class can be found in Table 3, the
purchaser shall specify a load cycle or duty class.

Independently of the duty class or load cycle, the converter and its constituent assemblies shall
be able to carry the short circuit current according to 7.4.2.4.

NoTE Unlike many other electrical components, semiconductor devices can be irreparably
damaged, even within a very short time of operation in excess of their rated values. Selecting
the rated direct current and the duty class or load cycle of a converter this should be taken into
account.
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The supplier shall show the short time current and overload current capability of the converter
in a graph in logarithmic scale for overcurrent durations between 0,01 s and 10 000 s. Base
current shall be /gy.

7.4.2.2 Duty classes

Duty classes specify current capabilities and test conditions for converters in terms of current
values and durations. Table 3 contains standardized duty classes and gives guidance for the
selection for different types of railways and their typical ratio between the basic current and the
short time currents.

The basicTurrentofaconverteris vatidomnty for thedefimedduty ctassHfaconverterisdes

to ope€
NOTE

digital
charact

A duty

7.4.2

Load

The p
cycle.

Unles
load c

The s
load c

If the
procur

7.4.2.4

.3 Load cycles

rate at different duty classes, a separate basic current shall be given for each duty

The duty class can be chosen either from the recommendations given in Table 3 or from/the resu
bimulation and network calculation, giving the expected RMS current and the time~dependent g
eristics for the intended use of the converter.

class defined by the purchaser shall be called class X.

ycles specify the repetitive current demand to a converterfor a given application.

irchaser shall specify the current values and respéctive durations of the require

5 otherwise specified the quadratic mean of'the load current over the duration T
ycle is assumed to be the basic direct current of the converter for the specific load

_ X2
Iy = }?l/d dt

ipplier shall calculate thecapability of a converter to carry the specified currents
ycle. Annex B gives_guidance for this calculation.

purchaser demands a specific type test for a load cycle this shall be mentioned
ement specification.

| Short-time withstand capability

The sTppIier shall state the short-time withstand current capability of the converter.

signed
class.

Its of a
verload

H load

of the
cycle.

of the

in the

If not otherwise agreed between purchaser and supplier the short-time withstand current

capab

ility shall be stated for a short circuit:

— after continuous operation at basic current /g4 , and

— for

a short circuit duration of 0,15 s, and

— with a factor of 1,6 between sustained current and peak value.

NOTE Refer to Annex B of IEC 62589:2010 for calculation of the short circuit current for a given application.

Controlled converters with a current limiting characteristic need not have a short-time withstand
current capability. They shall be equipped with protection devices able to detect short-circuits
in the switchgear or the contact line system which possibly cannot be detected by standard AC

or DC

overcurrent feeder protection devices in the case of current limitation.
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7.4.3 Capability for unsymmetrical load of a 12-pulse converter in parallel connection

For a 12-pulse converter in parallel connection (connection No. 9) an unsymmetrical load
sharing between the two three-phase bridges of up to = 5 % of /g4 shall be considered as normal

condition.

NoTFE The following items can cause unsymmetrical load sharing between the two three-phase
bridges and should be taken into account when determining the converter rating:

— harmonic distortion of the AC supply voltage exceeding the values according to IEC 61000-
2-12;

— di

— notload voltage imbalances in the transformer;

— di

— unpqual number of converters with different transformer connections in aSubstation.

fferent Impedance voltages Of the transtormer secondary windings,

fferent lengths of the cables between transformer and converter;

7.4.4 Semiconductor device failure conditions

The plirchaser shall specify if semiconductor device fuses are required-

The plirchaser shall specify the required immunity level in case.0f a failure of one or more|series
or pargllel connected semiconductor devices per arm.

When| a disturbance from any origin does not exceed the immunity level specifigd the
corresponding performance shall be maintained. Tablé 4 defines the immunity levels.

Table 4 — Semiconductor@evice failure conditions

Immjunity level Consequence
Redunfdancy R [ No immediate consequence; full performance maintained | Warning signal
Functipnal F | Reduced performancé freduced current capability) Warning signal or tripping|signal
Trippirlg T | Interruption of sefvice due to protection devices Tripping signal
Damage D | Interruption of.service due to damage Tripping signal

7.5 Mechanical characteristics
7.5.1 General

Convdrters-tmay be either enclosed or not enclosed. Frames and enclosures, if any, shall be
metalljc.

Converters and relevant enclosures shall be designed so that normal service, inspection and
maintenance operations, replacement of diodes, fuses, and valve device assemblies, earthing
of cables or busbars and voltage tests can be carried out easily and safely.

All materials used shall be of the quality and of the class most suitable for working under the
conditions specified. Special attention is to be paid to its ability to withstand moisture and fire.
Unless fire behaviour Class FO is allowed, materials used shall be metallic or of the self-
extinguishing type.

The selection of materials shall be such that corrosion due to atmospheric and electrolytic
effects are minimized.

Eudrepean Rules concerning noxious or toxic materials shall be observed.
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7.5.2 Earthing

To ensure safety during maintenance works, all parts of the main circuit to which access is
required or provided shall be capable of being earthed through suitable means. This does not
apply to those parts, which are withdrawable or removable and which become accessible after
being separated from the enclosure.

A withdrawable part, however, shall not be removable from the enclosure unless capacitors on
it have been discharged to safe values.

For DC traction power supply systems the purchaser shall specify in the enquiry how to earth
2006

the c vartor ancloaciira ar fraomn annardina a0 O B QO ~fIEC 04009 7
v et e CTroSoTrC— oo et om0 OO o o O Tooz=1

EEN

NOTE |In DC traction supply systems, "earthing" means either connection to earth or connection to théeturn circuit,
depend|ng on the earthing requirements of the DC system.

The meetallic parts of the enclosures or frames shall be connected to a suitablg ‘earthing teqminal,
placed in an accessible position, in order to allow the connection to the main earth sysiem of
the supstation. The earthing terminal shall be suitably protected against.¢corrosion.

7.5.3 Degree of protection

The plrchaser shall specify the degree of protection according.te’ IEC 60529.

Inspegtion windows and ventilating openings shall provide at least the degree of profection
specifled for the enclosure.

NOTE 1 If not otherwise agreed between purchaser and supplier, for converter enclosures the degree of prptection
is assuned to be valid for doors and walls of the enclosuré

Due to fhe specific requirements of converters for cogling and for connection of AC and DC cables or busbafs IP 00
is considered as normal degree of protection for the bottom and the top of the enclosure.

NOTE 3 For indoor converters normally no degree of protection is provided against ingress of water.

7.6 Insulation coordination

For ingulation coordination of‘electric traction system IEC 62497-1 is applicable.

For cifcuits directly connected to the railway overvoltage category OV3 and pollution degree
PD 3A is used. All valdes define the insulation between the main circuit and the envirohment
includ|ng other cireuits and frame of the equipment.
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Table 5 — Insulation levels for AC/DC and DC converters

Nominal voltage Rated insulation Power frequency Impulse voltage Clearance
voltage withstand voltage 1,2 us/50 ps
U, UNm U, Ui clearance
kV kV kV kV mm
0,6 0,9 2,8 6 55
0,75 1,2 3,6 8 8
0,75 1,8 4,6 10 11
15 23 55 12 14
1,5 3,0 6,9 15 18
oV 3 11,5 oV 3 25 oV 3 33
3,0 3,6
oV 4 14,0 oV 4 30 QVY 4 40
oV 3 14,0 oV 3 30 oV 3 40
3,0 4,8
oV 4 18,5 oV 4 40 oV 4 60
oV 3 18,5 oV 3 40 oV 3 60
3,0 6,5
oV 4 23,0 oV 4 50 oV 4 75
7.7 |Specifics of line commutated rectifiers

7.71

Standard design converters for traction power supply usually are converters each indiv
connepted to a transformer for single phase (p~=/2) or three-phase (p = 6 or 12) AC supp

Twelve-pulse converters and dual six-pulse converters require two secondary windings
transformer with 30 electrical degree shifted connections, normally star and delta conneg
two sgparate transformers with different vector groups.

NOTE
severa
p areu

For cdnverters subject'to special agreement between the purchaser, the supplier and pq
the elgctricity supplycompanies because of their rating or special requirements or m
operalion, refer~to* IEC TR 60146-1-2, which also gives other converter connectio

partic

Table

convefters. For other connections IEC TR 60146-1-2 assists.

The c

Electrical connections

Higher pulse numbers can be"achieved by using transformers with appropriate phase shifting and cor]
I|six-pulse or twelve-pulse converters in series or parallel. For traction power supply pulse numbers |
ed.

dlar applications.

6 gives conventional values of some calculation factors for the most used connecti

dually
ly.

in the
ted or

necting
p to 24

ssibly
pde of
hs for

ons of

onnection numbers are the same as used in the IEC 60146 series.

Table 6 — Connections and calculation factors for line commutated converters

Con- Transformer Valve connection p q Current U, 19}
nection connection factor on
No. valve side the AC. side vo

i iM

c

11,

dxtB
exB

0,9 1,57
2 |2 1 [zﬁj

IEC IEC

0,707

&)
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Con- Transformer Valve connection p q Current U, U dys
nection connection factor on U U, o
No. valve side the AC. side vo di xB
L1,
szs) 0,816 1,35 1.05
1 or 1 12l 3
8 A 3_< 6 3 2 3\/5 V4 0,5
3 2 Y VAV g L (?j
IEC + T
IEC
[T T o spn 1.35
1 P — U, 500 7,05
9 A 135 , 2[4/¢ 12| 3 1 32 x 0,26
B e e (5]
IEC T
IEC
1 2 0.816 2,7 0,524
12 AN ¢ 12| 3 2 642 . 0,26
T 3 y (3)
IEC
0,816 1,35
1 21 ou 11 21 1,05
18 A A 132X 6 | 3 2 32 - 0.5
13122322 12 22 3 — (?)
IEG T
1,35 1,05
2 (=) )%
n 3

ed\With-tweo
e WHRtWoO

xtB’LexB ’

NOTE [Cghhection No. 9 can be used with or without interphase transformer. Details are described in IEC|62695.
The faqtoR®y z/e,; can vary between 0,26 and 0,5 depending on the coupling factor defined in IEC 62695.

xtB

7.7.2 Calculation factors
7.7.21 Current factor on the AC side

The quotient of the RMS value I, of the current on the AC side and the direct current I is

indicated in Table 6 on the assumption of smooth direct current and rectangular waveshape of
the alternating currents.

7.7.2.2 Voltage drop

Table 6 gives the ratio:
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dxtB
exB

between the direct inductive voltage drop d,;g at basic current due to the transformer
commutating reactance, referred to Uy and the inductive component e,g of the transformer
impedance voltage at basic service current on the supply side of the converter group for the

whole

equipment expressed in per cent of rated alternating voltage.

The direct inductive voltage drop d,;g can be calculated using the value of e,g of a three-phase
transformer only for connections with a commutating number g = 3.

For al

repart
chara

NOTE
Therefg
drop se

If the
curren

7.7.3

For pgrfectly balanced supply voltages, trigger delay¥angles, etc., the frequency of the
current and direct voltage harmonic content is givernby:

An unpalanced supply voltage causes-a*negative sequence voltage. The negative seq

voltag
cance

outpuf filter is added.

Refer

8 Tests

8.1
8.1.1

other connections with p = 12 or higher, the ratio between d,;g and ¢,g depend

tion of the reactances in the transformer between primary and secondary: The ex
teristic can be represented graphically.

The voltage drop of diode rectifier groups depends mainly on the characteristics of the‘converter trans
re this document does not contain information regarding to voltage drop. For requirements concerning
e |[EC 62589.

purchaser requires provisions against the voltage rise at(currents below the tra
t, he shall mention this in the tender specification.

Direct voltage harmonic content

Jhae =KxXPx fy &= integer (1...n)

e produces an additional haxhonic component at a frequency 2xfy, which can
led by an appropriate desigfiof the converter unless a large smoothing reactance

to IEC TR 60146-12for more information.

General

Overview

bn the
ternal

former.
voltage

hsition

direct

uence
hot be

or DC

For the terminology for testing procedures refer to IEC 60050-811.

8.1.2

Performance of tests

Whenever practicable the tests shall be performed in electrical conditions equivalent to those
in real service. Where it is not practicable, the assemblies and equipment respectively shall be

tested

under such conditions as to allow the specified performance to be proved.

Components of the converter are assumed to be tested separately.

Unless otherwise agreed at the time of the contract, the AC supply and test voltages shall be
at rated frequency.
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NoTE When the purchaser or his representative desires to withess factory tests, this should be
specified in the procurement specification.

8.1.3 Test schedule
The tests, unless otherwise agreed, shall comprise all the following items marked "X", which

are applicable to the-assembly assemblies or converter units prefabricated in a factory (see
Table 7).

For converters assembled on site only commissioning tests apply.

The tgsSts marked (X)" shall only be performed IT specifically agreed In the contract.

Table 7 — Summary of tests

Test Type test Routine Optional test Specification
test subclajuse

Insulafion test X X 8.2.
Light Ipad functional test X X 8.2.p
Load test X (x)# 8.2.8
Power|loss determination X a (x) B2 8.2.4
Tempdrature rise test X 8.2.
Check{ng of auxiliary devices X X 8.2.6
Check{ng the properties of the control X X 8.2.Y
equipnpent
Checking the protective devices X X 8.2.8
Short-{ime withstand current test (x) 8.2.9
EMC tgsts X 8.2.10
Additignal tests (x) 8.2.11
8 Fotself-commutated-converters-the load-test shall- becarried-out-asroutine-test.
ba Only if power loss determination by me&surement is required, see-3.3.4 7.1.1.

8.2 |Test specifications
8.2.1 Insulation tests
8.2.1. General

Insulation tests<shall be carried out to verify the correct state of insulation of a completely
assenibled unit.)In general, they shall be carried out as an AC power frequency voltage {est.

During insulation tests the main terminals of the converter, as well as the anode, cathode and
gate terminats—ofat powet semicenductor dcv;uco, shatbe—conmected tuucthcl. Fhis—doees not
apply, however, to auxiliaries for which, in case of an insulation fault, voltage can pass on to
accessible parts not connected to the enclosure or from the side of higher voltage to the side
of lower voltage. These are, for example auxiliary transformers, measuring equipment, pulse
transformers and instrument transformers.

Switching devices in main circuits shall be closed or by-passed.

Auxiliaries not metallically connected to the main circuits (for example system control equipment,
fan motors) shall be connected with the frame or enclosure during the insulation test according
to 8.2.1.2.

In the power frequency withstand voltage test, the test voltage at the frequency as available in
the test facility or with the rated frequency, but not exceeding 100 Hz, shall comply with 8.2.1.3.
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If an alternating test voltage cannot be applied due to EMC filter components, which cannot
easily be disconnected, a direct test voltage may be used having the same value as the crest
value of the test voltage given in 8.2.1.3.

In routine tests on assemblies, it is sufficient to apply the full test voltage of 8.2.1.3 for 60 s.
Gradual increase of the test voltage may be omitted.

The te

st has failed if a breakdown or flashover occurs.

Before the test and 1 min after the test, the insulation resistance shall be measured by applying
a direct voltage of at least 500 V. The insulation resistance shall be more than 1 000 Q/V.The

measl

Earthi

If a Iicluid is used as heat transfer agent, the insulation test shall be performed with the

prese

Impuls

agreement between purchaser and supplier the impulse voltage(test may be substitute
frequency withstand voltage test U, (see IEC 62497-1).Mn this test the voltage shall be

power|
applie

8.2.1.]

Each
againg
test v
under

The tg
which

8.2.1.
8.2.1.
Test v

conne
the trg

rement of the insulation resistance is not necessary for routine tests.

ng resistors and surge arresters, if any, shall be disconnected during the insulation

t.

e withstand voltage tests are only required for converters with Uy, > 2 500

d for 5 s.

enclosure

Circuit of the converter shall be subjected o "an insulation test against the enclosu
t any other circuits which are electrically.separate from the circuit section under tes
pltage shall be selected according te18.2.1.3 with Uy, being determined for the

test.

st voltage shall be applied-between the circuit under test and the frame or enclos
the terminals of any other circuits shall be connected for the purpose of this test.

J Test voltages‘and clearances-and-creepage-distances
8.1 Test voltages and clearances-and-creepage-distances for AC/AC frequ

converters

oltagesclearances and creepage distances according to Table 5 apply only to d
cted directly to the traction voltage. The dielectric properties of converters isolate
ctioh_yoltage through transformers may be agreed between purchaser and supplig

tests.

liquid

V. By
] by a

p Insulation tests of converter equipment-and assemblies arranged in a single

e and
t. The
circuit

ure to

ency

bvices
H from
r.

The tests according to 8.2.1.2 shall be performed with a test voltage with an RMS value and a
peak value according to IEC 62497-1.

For clearances and creepage distances refer to IEC 62497-1.

8.2.1.3.2 Test voltages and clearances for AC/DC converters

The in

sulation tests shall be performed with test voltages according to Table 8.

NOTE AC/DC converters means rectifiers as well as inverters according to IEC 60050-551: 551-12-01. Converting
DC to AC is therefore included.
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Table 8 — Insulation levels for AC/DC and DC converters

Nominal voltage Rated insulation voltage Power frequency
withstand voltage
U, UNm U,
kV kV kV
0,6 0,9 2,8
0,75 1,2/1,8 3,6/4,6
1,5 2,3/3,0 55/6,9
3.0 36/48/65 11.5/14 /185

The te
has to
includ

8.2.1.

Test V|
the trg

st voltage applies under the conditions of Clause 6. For other conditionsy,|EC 64
be used. The test voltage has to be applied between the main circuit and 'all"other g
ng frame.

.3 Test voltages and clearances for DC converters

pltages and clearances according to Table 8 apply only todevices connected dire
ction voltage. The dielectric properties of converters isglated from the traction v,

through transformers may be agreed between purchaser and:stpplier.

The tg
peak

sts according to 8.2.1.2 shall be performed with @‘test voltage with an RMS value
alue according to IEC 62497-1.

For clgarances and creepage distances refer toJEC 62497-1.

497-1
ircuits

ctly to
pltage

and a

yn 1UN m ya UN+
&/ KV KV kV nm
0.6 0.9 2.8 not-applicable 10
0,75 18 4.6 not-applicable 18
15 2.3 55 not-applicable 22
15 3.0 9.2 not-applicable 36
o3 115 oV-3 25 o3 45
e e
oVv4 140 oVv-4 30 oVv4 54
o3 140 oV-3 30 o3 54
30 48
oVv4 18,5 oVv-4 40 oVv4 72
o3 18,5 oV-3 40 o3 2
e o=
oVv4 23.0 oVv-4 50 oVv4 91
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8.2.2 Light load functional test

The light load functional test is carried out at a sufficient load to verify that all parts of the main
circuit and the auxiliary circuits operate properly.

For the routine test, the converter shall be connected to the rated supply voltage(s).

For se]lf-commutated converters the light load functional test and a load test may be combined.

If serigs connected semiconductor devices are used in the arms of the converter, the vpltage
sharinlg shall be checked to be within the design limits.

8.2.3 Load test

The tgst is carried out to verify that the equipment will operate satisfactorily at basic curgent.

The D|C terminals shall be bonded together via a measuring shunt or a similar device. An AC
voltage of sufficient value shall be connected to the AC. terminals of the converter to [cause
basic firect current to flow.

During the test, the control equipment, if any, and auXiliaries shall be supplied separately with
their rated voltage.

By prgper coordination of control, if any, and.ef applied AC. voltage, basic direct currenit shall
be cir¢ulated through the DC. terminals.

If pargllel connected devices are usgd, in the arms, the current sharing shall be checked to be
within|the design limits.

The ldad test and the temperature-rise test may be combined.
For sdlf-commutated conyerters the load test shall be carried out as routine test.

8.2.4 Power loss determination

If the power Joss’determination shall be done by measurement and not by calculation (see|7.1.1),
the methods,for power loss measurement given in Clause 4 of IEC TR 60146-1-2:2011 nmpay be
used.

8.2.5 Temperature-rise test
8.2.5.1 General

The temperature-rise of the converter shall be determined under test conditions given for the
load test, 8.2.3, under the cooling conditions, which are least favourable. If the test is conducted
at a lower ambient temperature than the maximum specified, corrections-shall have to be made.
The temperature-rise test is not limited to the main circuit.

The temperature-rise test shall be conducted for a duty class at basic current and the overload
currents for the duration indicated in the duty class or load cycle.

For diode rectifiers a simplified test with a short circuit at the DC side and a low AC voltage
may be used. In this case in order to correct the losses of the elements with sinusoidal
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waveshape of the current at 180° conduction versus those with rectangular waveshape at 120°
conduction, the test current shall be increased by 10 %.

Example: 1,0 p.u. is becoming 1,1 p.u, 1,5 p.u. is becoming 1,65 p.u. and 3 p.u. is becoming
3,3 p.u. for overload class VI.

The temperature-rise at potential highest temperature points accessible on the semiconductor
devices shall be recorded. The rise of virtual junction temperature shall be calculated and based
on the temperature measurements in order to show that the assembly is capable of carrying the
specified duty class or load cycle without exceeding maximum virtual junction temperature for
the devices. The actual current sharing between parallel valve devices shall be taken into
accoupt:

The tgmperatures of busbars, insulation material, cables and control and protection dgvices
shall not exceed their admissible limits (absence of permanent damage).

The tgmperature-rise above ambient temperature at continuous current shall be taken| when
temperature readings have reached a steady state. Variations of leSs~than 1 K/h, with a
maximum test duration of 8 h, shall be considered conditions fulfilling-the required steady state
conditjons.

Temporary connections to the main circuit shall be made so.that no heat is removed frgm the
convefter assembly nor supplied during the test. The temperature-rise is measured at th¢ main
circuit| terminals and at the temporary connections, ¥m away from the terminalg. The
tempefrature-rise difference shall not exceed 5 K.

In thog$e cases where parallel redundancy of semiconductor devices is provided, the redundant
devicgs with the potential lowest temperature-rise shall be excluded in order to check that the
remaifning devices do not exceed the maximum allowable temperature.

In thoge cases where series redundancy,of semiconductor devices is provided, all devicef shall
be incjuded.

The maximum virtual junction-témperature, measured and corrected by calculation, shall not
exceefl the admissible maximum junction temperature given by the manufacturer pf the
semicpnductor device.

8.2.5.2 Ambient air and cooling medium temperature
8.2.5.2.1 Ambient air temperature

The ambientiair temperature shall be measured at half the distance from any neighbpuring
equipment;-but not more than 300 mm distance from the enclosure, at middle height |of the
equipment, protected from direct heat radiation from the equipment

8.2.5.2.2 Cooling medium temperature for air cooling

The average temperature shall be measured outside the equipment at points 50 mm from the
inlet to the equipment.

NOTE For the evaluation of the fraction of heat which is radiated, the ambient air temperature is that described in
8.2.5.2.1.

8.2.5.2.3 Cooling medium temperature for liquid cooling

The temperature shall be measured in the liquid pipe 100 mm upstream from the liquid inlet.
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8.2.5.2.4 Temperature of heat transfer agent

The heat transfer agent temperature shall be measured at a point to be specified by the
manufacturer.

8.2.6 Checking of auxiliary devices

The function of auxiliary devices such as contactors, pumps, sequencing equipment, fans, etc.,
shall be checked.

8.2.7 Checking of the properties of the control equipment

which|can prevail in real operation. However, it is recommended that trigger equipment.shall be
checked under real load conditions as far as possible. When this cannot be_donhe ¢n the
manufacturers premises, it may be performed after installation by agreement with)the usgr.

It is nqt feasible to verify the properties of the control equipment under all those load confitions

When|practicable, the checking of control equipment may be restricted to,a check undgr two
load cpnditions as specified by 8.2.2 and 8.2.3 respectively.

In eithler case the static and dynamic properties of the control equipment shall be checked. This
shall include checking that the equipment operates satisfactorilyfor-all values of supply valtages
within|the ranges of variation for which it is designed.

In typg tests the function of the auxiliary circuits shall ‘be tested at maximum and mipimum
valueq of the supply voltage.

In the|case the semiconductor power converter.is equipped with automatic control equipment,
for example constant voltage control or constafit current control, checking of the propertigs may
be reglaced by other means such as simulation and stability analysis by agreement bgtween
purchaser and supplier.

8.2.8 Checking of the protective-devices

ChecHKing of the protective devices shall be done as far as possible without stressing the
companents of the equipmentabove their rated values.

Due tg the wide variety.of protective devices and their combinations, it is not possible tg state
any géneral rules for'the checking of these devices. However, if a system control equipnpent is
designed to protectithe converter from overloads, its ability in this respect shall be checked.

Routine tests-shall be performed to check the operation of protective devices. It is, hoyever,
not intended that the operation of devices such as fuses, etc., where the operation is baged on
destrulction of the operating component, shall be checked.

8.2.9 Short-time withstand current test

The short-time withstand current test is a supplementary test. The test is carried out to verify
the short-time withstand current carrying capability (see 7.4.2.4) of the converter for the
specified current and duration. This subclause applies to tests of the converter without its
intended transformer.

The short-time withstand current test shall be made under test conditions as given for the load
testin 8.2.3.

The converter shall be preheated as described in 8.2.5. When the junction temperature of that
semiconductor device, which was found to be the hottest during the temperature-rise test, has
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reached the temperature, measured as steady-state temperature at /gy, the short-time current
shall be applied to the converter within 1 s.

After the short-time withstand current test all semiconductor devices and fuses shall operate
properly. Busbars, insulating material and other mechanical parts shall not be damaged. In
order to verify the proper function of the converter, a light load functional test according to 8.2.2
shall be carried out.

In thoses cases where parallel redundancy of semiconductor devices is provided, the redundant
devices shall be excluded in order to check that the remaining devices are able to carry the
short-time current.

8.2.1

EMC test

Basic jmmunity test according to IEC 62236-5 shall be made.

8.2.11

Additional tests

Specifications and procedures for any additional tests, for example“vibration, voltagg

audibl

e noise shall be agreed between purchaser and supplier.

9 Marking

9.1

Each
and eg
plate:

Rating plate

converter equipment (see Clause 1) which, jshdelivered as an integrally assemble
ch assembly which is delivered separately shall bear the following markings on the

a) manufacturer’s or supplier’s indication;

b) ing

ication of the type of equipment(5.1.1);

c) thI number of this document;

d) m
e) se
f) nu
g) ra
h) ra

nufacturer’s type designation;

Fial number;

mber of input phases or indication "DC";

ed input voltage (rated direct voltage in the case of inverters);
ed input frequency, if any;

i) nu

) ng

mber of\output phases or indication "DC";

minal DC voltage;

k) basicdirect current;

[) du

ty class or designation of the load cycle;

m) short circuit capability;

n) rated output frequency, if any;

0) range of output voltage (if the output voltage is adjustable);

p) cooling method;

q) type of connection.

Further items which may be added if appropriate:

r) cooling requirements (temperature, flow rate of cooling medium);

s) overall weight, weight of cooling fluid, if any;

t) degree of protection (IP-Code);

drift,

d unit
rating
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u) displacement factor under rated conditions;
v) output characteristic curve symbol.

9.2 Main circuit terminals

The marking of the main circuit input and output terminals shall express the sequence of phases
(if to be observed) and the polarity of DC terminals.
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Annex A
(informative)

Information required

General

This annex gives a summary of the information which should be exchanged between purchaser
and supplier.

A.2

A.21

A.2.1.

The fo
purchaser in order to provide the precise technical requirements.

NOTE

A.2.1.

a)
b)
c)
d)
e)
f)

9)
h)
i)

)

tyq
no

ra
ing
ba
du
sh

Diode rectifiers

Procurement specification
U General

llowing items should be included, where applicable, within the specification issued

The characteristics are only used where they specifically apply.

] Characteristics and functional requirements
e of equipment (see 5.1.1);
minal DC voltage;

ratd AC voltage on the supply side;

d insulation voltage;

ulation requirements differing from those defined as normal (if any);
sic direct current;
ly class or designation of a lpad cycle;

brt circuit capability of the:converter or breaking time of the high voltage circuit breg

raed DC power;

co
di
req

(¢

req

reg

hverter connection.(see 7.7);

de failure immunity level (see 7.4.4);

uirement efidiode fuses;

uiremehts for diode or diode fuse failure monitoring device;
uirément for diode temperature monitoring;

da

by the

aker;

tavof the rectifier transformer;

requirements and data of voltage and/or current measuring devices;

rat

ed voltage of auxiliary circuits;

cooling method,;

safety related interlocks;

requirement of provisions against the voltage rise below the transition current.

A.2.1.3 Special service conditions

Environmental and electrical service conditions differing from those defined as normal (see 6.2
and 6.3).

A.21.4 Mechanical requirements
a) IP code required (according to IEC 60529);
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b) requirement of fixed or withdrawable equipment;
arrangement of AC and DC connections;
type and number of AC and DC cables, busbars or busducts;
c) padlocking requirements;
d) earthing and bonding facilities;
e) earthing method of the enclosure or frame of the converter (see 7.5.2);
f) maximum dimensions of the converter at site;

g) details of arrangement for transport and delivery to site;

h) detaHs-efsite-instalation-
A.21p Tests

Tests differing from those specified in 8.1.2 as routine tests.

A.2.2 Supplier's tender specification

NOTE |The characteristics are only used where they specifically apply.
A.2.21 Identification

a) name of the manufacturer or trademark;

b) type of equipment (see 5.1.1);

c) type designation;

d) reflerence to the National Standard correspending with this document, which the

mgnufacturer declares compliance with.

A.2.2.R Characteristics

a) ngminal DC voltage;

b) bTiC direct current;
c) du
d) overcurrent curve (see 7.4.2.1);

y class or suitability of the_converter for a specified load cycle (see 7.4.2);

e) pelak reverse voltage-ofidiodes;
f) logses;

g) power efficieney;

h) copling method;

i) dimensions of the converter assembly;

j) sppce requirements for maintenance;

k) necessity of rear access;
[) weight of the complete assembly;

m) confirmation of compliance with the purchaser's requirements (see A.2.1) and a list of any
non-compliances;

n) requirement of special tools for repair or maintenance.

A.2.3 Information and data to be given by the supplier during the delivery stage

a) circuit and schematic diagrams of all circuits;

b) demand of cooling medium (e.g. air);

c) method of fixing of the converter assembly to floor;
d) operation and maintenance manuals.
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Controlled converters and inverters

Procurement specification

A.3.1.1 General

The following items should be included, where applicable, within the specification issued by the
purchaser in order to provide the technical requirements for the performance of the converter.

It is assumed that a controlled converter can be supplied only as a whole converter group
including transformer and filters under the overall responsibility of the converter supplier.

NOTE

A.3.1.

The characteristics are only used where they specifically apply.

R Characteristics and functional requirements

a) type of equipment (see 5.1.1);

b)
c)
d)
e)
f)

)
h)
i)

j)

k)

A.3.1.

no
ra

ing

minal DC voltage;

ed insulation voltage;

ulation requirements differing from those defined as normal;
ed AC voltage on the supply side of the converter group;
hventional no-load direct voltage;

ed direct voltage;

sic direct current;

duty class or designation of a load cycle;

luirements for current limiting;

ed DC power;

Juirements concerning AC and DC.harmonic content;
ed voltage of auxiliary circuits;

pling method;

fety related interlocks.

3 Special service conditions

Envirgnmental and+electrical service conditions differing from those defined as normal (s

and 6.

A.3.1.

a)
b)
c)
d)
e)
f)
9)

IP

3).

B Mechanical requirements

Ee 6.2

code required (according to IEC 60529);

arrangement of AC and DC connections;

pa
ea
ea

dlocking requirements;
rthing and bonding facilities;
rthing method of the enclosure or frame of the converter (see 7.5.2);

maximum dimensions of the converter at site;

de

tails of arrangement for transport and delivery to site.

A.3.1.5 Tests

Tests differing from those specified in 8.1.2 as routine tests.
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A.3.2 Supplier's tender specification

NOT

E The characteristics are only used where they specifically apply.

A.3.2.1 Identification

pf any

ge

a) name of the manufacturer or trademark;

b) type of equipment (see 5.1.1);

c) type designation;

d) reference to the National Standard corresponding with this document, which the
manufacturer declares compliance with.

A.3.2. Characteristics

a) nominal voltage;

b) bajsic direct current;

c) duty class or suitability of the converter for a specified load cycle (see 74.2);

d) overcurrent curve (see 7.4.2.1);

e) logses;

f) power efficiency;

g) copling method;

h) dimensions of the converter assembly;

i) sppce requirements for maintenance;

j) necessity of rear access;

k) waeight of the complete assembly;

[) copfirmation of compliance with the purchaser's requirements (see A.3.1) and a list
non-compliances;

m) requirement of special tools for repair“or maintenance.

A.3.2. Information and data to-be given by the supplier during the delivery sta

a) cincuit and schematic diagrams of all circuits;

b) demand of cooling medium-(e.g. air);

c) method of fixing of the-Converter assembly to floor;

d) opleration and mdintenance manuals.

A.4 | Frequency converters (direct and DC link converters)

A.4.1 Rrocurement specification

A.4.1. T Generat

The following items should be included, where applicable, within the specification issued by the
purchaser in order to provide the precise technical requirements.

It is assumed that a frequency converter can be supplied only as a whole converter group
including transformers and filters under the overall responsibility of the converter supplier.

A.4.1.2 Characteristics and functional requirements

a)
b)
c)
d)

type of equipment (see 5.1.1);

nominal AC voltage, 1 phase;

rated AC voltage, 3 phase;

rated frequencies, 1 phase and 3 phase;
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e) rated insulation voltages;

f) insulation requirements differing from those defined as normal;

g) nominal active and/or reactive power at working point, 1 phase;
h) requirements on reactive power characteristic, 3 phase;

i) duty class or designation of a load cycle;

j) maximum and minimum short circuit power, 1 phase and 3 phase;

k) existing harmonic content in AC voltages, 1 phase and 3 phase;

[) limits for additional harmonic generation, 1 phase and 3 phase;

p) safety related interlocks.

A.4.1B Service conditions

Envirgnmental conditions differing from those defined as normal (se€ 6:2).
A4d414 Mechanical requirements

a) IP|code required (according to IEC 60529);

b) padlocking requirements;

c) ealrthing and bonding facilities;
d) details of site installation;
e) details of arrangement for transport and delivery to site;

f) maximum dimensions of the converter at site.
A.41. Tests

Tests pf components should be agreed upon in accordance to appropriate standards.
Tests ffor the converter groups-should be defined during the tendering process.

A.4.2 Supplier's tender specification
NOTE |The characteristics are only used where they specifically apply.

A.4.21 Identification

a) name of the manufacturer or trademark;

b) type.ofequipment (see 5.1.1);

c) type designation if applicable;

d) reference to the National Standard corresponding with this document, which the
manufacturer declares compliance with.

A.4.2.2 Characteristics

a) nominal voltage, 1 phase, 3 phase and DC;

b) rated current, 1 phase, 3 phase and DC;

c) rated frequencies, 1 phase, 3 phase;

d) data and requirements of converter transformers, 1 phase and 3 phase;

e) duty class or load cycle at 1 phase;

f) losses;

g) power efficiency;
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h)
i)
)
k)

cooling method;

rated voltage and power demand of auxiliary and control circuits;
dimensions of the converter assembly;

space requirements for maintenance;

weight of the complete assembly;

confirmation of compliance with the purchaser's requirements (see A.4.1) and a list
non-compliances;

requirement of special tools for repair or maintenance.

uit and schematic diagrams of all circuits;

ension drawings of main components and total converter group;
mand of cooling medium (e.g. air);
¢thod of fixing of the converter assembly to floor;

operation and maintenance manuals, including safety instructions’ and informati
trgnsport, packing, assembly and commissioning.

A.5 |DC converters

A.5.1 Procurement specification

A.5.1./ General

The fdllowing items should be included, where applicable, within the specification issued
purchaser in order to provide the technical requifements for the performance of the cony

It is agsumed that a DC converter can bg€’supplied only as a whole converter group und
overall responsibility of the converter supplier.

NOTE |The characteristics are only used Where they specifically apply.

A.5.1.R Characteristics and functional requirements

a)
b)
c)
d)
e)
f)

9)
h)
i)

j)

k)

type of equipment (see'5.1.1);

nojminal input DCcvottage (DC bus side);

nominal output.DC voltage (the other side, e.g. an energy storage unit);
rajed insulatien voltage;

ingulation fequirements differing from those defined as normal;

of any

bn on

by the
erter.

er the

rajed{direct voltage;

basic direct current;

duty class or designation of a load cycle;
requirements for current limiting;

rated DC power;

requirements concerning DC harmonic content;
rated voltage of auxiliary circuits;

cooling method,;

safety related interlocks.
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A.5.1.3 Special service conditions

Environmental and electrical service conditions differing from those defined as normal (see 6.2
and 6.3).

A.5.1.4 Mechanical requirements

a) IP code required (according to IEC 60529);
b) padlocking requirements;

c) earthing and bonding facilities;

d) earthing method of the enclosure or frame of the converter (see 7.5.2);

e) maximum dimensions of the converter at site; Q
f) deftails of arrangement for transport and delivery to site. Q}’
9
A.5.1. Tests N
Q

Tests pf components should be agreed upon in accordance to appropriat@t ndards.

Tests ffor the converter groups should be defined during the tenderl@(lprocess

A.5.2 Supplier’s tender specification \<(/
NOTE |The characteristics are only used where they specifically appIQ O
A.5.2.(1 Identification QQ

a) name of the manufacturer or trademark; \§\

b) type of equipment (see 5.1.1); Q
c) type designation if applicable; \\Q

N

d) reference to the National Standa\@ corresponding with this document, which the
manufacturer declares compllance

Characteristics N
. ’\O
a) nominal voltage; C)\

i) space requirements for maintenance;
j) necessity of rear access;
k) weight of the complete assembly;

[) confirmation of compliance with the purchaser's requirements (see A.5.1) and a list of any
non-compliances;

m) requirement of special tools for repair or maintenance.
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A.5.2.3

a)
b)
c)
d)

— 55 —

circuit and schematic diagrams of all circuits;
demand of cooling medium (e.g. air);
method of fixing of the converter assembly to floor;

operation and maintenance manuals.

Information and data to be given by the supplier during the delivery stage



https://iecnorm.com/api/?name=11f51fb2222ba5c977c0c53ffa768136

B.1

- 56 - IEC 62590:2019 RLV © |IEC 2019

Annex B
(informative)

Determination of the current capability through calculation
of the virtual junction temperature

General

The calculation of the virtual junction temperature is the basis for determination of current

cap

ability of converters.

A method for calculating virtual junction temperature is shown in Clauses B.3 to B,6.

The

a)

b)

ethod is valid under the following assumptions:

the virtual junction temperature to be calculated depends only on power dissipation
er semiconductor device under consideration. In other terms/) each power
conductor has its own heat transfer path to the cooling meéedium, really or vi
independent from the heat transfer paths of other power dissipating elements of the
orlassembly;

E 1 This does not hold true for example in those-feurquadrant bidirectional assemblies in whic
serpiconductors belonging to forward and reverse sections share¢he Same cooling bodies.

thérmal resistance and transient thermal impedance/between the virtual junction a
reference point are independent from the température, i.e. a linear relationship
ween the temperature rise and the power dissipation;

NOTE 2 This condition is generally not satisfied in¢the case of convection cooling.

semiconductor losses are mainly condugtion losses; turn-on, turn-off and voltage depg

of the
semi-
rtually
stack

power

nd the
exists

ndent

logses. The voltage dependent lossesCmight have to be considered particularly in th¢ case

of [self-commutated converters or heavy current line commutated converters.

B.2 | Approximation of the.shape of power pulses applied to the semicond

device

The equivalent power lI0sses with rectangular waveshape pulses are selected to have:

thé same peak value as the actual power pulse,

ictor

verter

d) for the case when the load of a converter is cyclic with a period up to several minutes.

For

For

case c)
t1= Palvg x TN
P
case d)
L
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Figure B:1b

Figure B.1 — Approximation‘of the shape of power pulses

In sonje cases, especially for pulse duration longer than 1 s and for real power loss pulsgs with
shapepg considerably diverging from rectangular wave form, it can be necessary to make up the
approximated power pulse by several-rectangular pulses of different amplitudes and dunations
to obthin a more accurate resultilt is recommended that each of these pulses shotld be
selectgd to have the same duration and the same average value as the section of the realpower
loss pllse it is substituting. (see figure B.1a and B.1b).

B.3 |Superposition method for the calculation of temperature

The method is-bhased on the application of a transient thermal impedance curve. It is asgumed
that thie powerlosses are represented as square wave pulses approximated according to ¢lause
B.2.

The temperature difference O, between Iwo specified poinis A and B at the time 7, IS given as
the sum of temperature contributions from all power steps AP, preceeding the time #,.

n-1
On = Y APv x Znv

v=1

A positive power step gives a positive temperature contribution and a negative power step gives
a negative temperature contribution.

The method is exemplified in Table B.1.
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B.4 Calculation of virtual junction temperature for continuous load

B.4.1 General

In this case the virtual junction temperature varies with time with a frequency determined by the
alternating line voltage.

The power loss approximated by the method given in Clause B.2 and the virtual junction
temperature versus time is given by the following diagram (Figure B.2).

|
o)
S
g
A
<@,
o
=
t
[1
e EE—
.
N_fN
o ‘ e o=
v_
/ e
\ ~
®.§
=
t
IEC
Figure B:2/— Calculation of the virtual junction temperature for continuous load
B.4.2 Calculation of mean value of virtual junction temperature

The mean value of the virtual junction temperature is given by the formula:
Oj(avg) = Ox + Pavg x Rth

B.4.3 Calculation of maximum instantaneous virtual junction temperature

The maximum instantaneous virtual junction temperature within one cycle is calculated by the
formula:

®j = @j(avg) + 8@]
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An accurate value of the temperature excursion 6®j can be calculated by the power pulse
superposition method described in Clause B.3.

n n—2
T1N z 2
D) = x Pavg Z xZnx(2v-1)— ZXanZV — Pavg x Rth
“ 1 V=1
V= =

As 80; normally is small compared to 80;,.qthe following approximated formula is
recommended:

&9]=?xPavg—|:Zt1—ZT+[1—$jXZ(t1+T):|
1

B.5 [ Calculation of virtual junction temperature for cyclic loads

In this| case, the virtual junction temperature varies with time at afrequency determined py the
load Variations but also with a higher frequency determined\by the alternating voltdge as
descriped in Clause B.4 (see Figure B.3).

—

Power loss

@J(BVQ)

i

IEC

Figure B.3 — Calculation of the virtual junction temperature for cyclic load

The temperature excursion caused by the heating up of the junction during the conduction
period and the cooling down during the low-load or no-load period is calculated in the same
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way as for continuous load according to B.4.2. The mean value of the virtual junction
temperature averaged over one cycle of the supply frequency at a certain time in the load cycle
is calculated according to the method given in B.4.1.

The mean virtual junction temperature at the

time ¢, is thus given by:

n—1
Oj(avg)n = Ox + ZAPV x Znv
v=1
The maximum instantaneous value of virtual Jiunr"’rirm temperature at the time - is gi\/pn y:
®j = BOj(avg) + JOj
B.6 |[Examples for typical applications
Table B.1 — Examples for typical applications
Load Power loss Mean virtual junction Calculation formulae
condition diagram temperature diagram
Single
load P Olavg = Ox HPi x Ly,
pulse
I AN
| b Olavga © Ox + Py x 23 = Py x 2y
“ 2! t th t3 t
Sequenge P x7
of load Olavg2 = Ox + Py X2y
pulses P Ps
3 |_| _l/‘\’/l\/N @j(avg)4 h @X ¥ P1 . Z41 _P1 § Z42 ¥ P3 § 243
| | 1
AT Oy = Oy + Py xZgy — Py xZgy + Py x Zgg|-
11 tp t3 tatstg 1
1g 13 1415 18 1 =Py xZgy + Py xZgs
Long n = even:
sequende n n
of equall [P > 51
amplitude
s J:I_I:I_I:I. NN | Ooan =0+ 2 PoxZaavy — 2 Po*Zota
pulses L 11 - v=1 v=1
1 g t t ot t3 ¢
= n = odd:
— n-1 n-1
L 2 * Z t
Ojavgin = O + LPO X Z20-1) ~ LPO X2\ (20)
v=1 v=1
or approximated:
@j(avg)n = @x + PO X
b t,
X th_ZT+ —? XZ(T+IP)+?XRT
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Load Power loss Mean virtual junction Calculation formulae
condition diagram temperature diagram
Single load _
pulse P4 Ojavgize = Ox + Py xZ5,
_/\'\ @j(avg)S =0, + P xZ3 — Py xZs,
1 1
= 1 | | =
4] 15} t
IEC t1 tr t3 t
IEC
Sequence _
of load pulses Ojavgz = Ox + Py x 25,
P ® — 5 —
! P O =CD P xZ P x7,,+P ~xZ7,,
P3
| ||_| M Ofavgie =Ox + Py xZgy =Py xZgy + Py xZg3 —
1 (T
- [ B B I | —PyxZgy +PsxZgs
M 12 13 I4151
123456IEC t o tty tatsitg !
IEC
Long n = even:
sequenge n
of equd! = ,_1
amplitude 2
load puldes Y Ojavgn = ZPO xZ n(2u-1) ZPO XZ n(Rv)
S T RN
V=4 v=1
n 3 1M i 4
— IEC
r n = odd;
" n-1 n-1
IEC 2 2
@j(avg)n = @x + ZPO X Zn(20—1) - ZP Zn(2u)
v=1 v=1
or approximated:
@j(avg)n =0, +F, x
t, t,
th _ZT + 1—? XZ(T+tp) +?XR-[
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Annex C
(informative)

Index of definitions

Term IEC Subclause
angle of OVerlap U ... 60050-551-16-05.....3.5.2
(VaIVE) @rmM oo 60050-551-15-01.....3.2.1
(valve device) assembly.......ccoiiiiiiiiiii 60050-551-14-13.....3.1.3
basic gervice current on the supply side Of @ CONVErTer Igy; . ..vv. covvvvvvrmmmmnnnnnnnnnnnnnnnnns 36
basic purrent Ig <for converters>..............ccoooiiiiiii 3.6.110
basic HireCt CUMTENt Iy . .uuuuiiiiiiiiiiiiiiiiiii i g 3.6.[11
becotme buelcconnoeton e
Sompmptedten el o o o e e
commUtating groUP «..ovnieiii e 60050:551-16-08.....3.5.8
corrpte e nde e o o o e s e e
commptating voltage ..o 60050-551-16-02.....3.5.{
commMpPtation ... 60050-551-16-01.....3.4.{
commpitation NOtEN 60050-551-16-06-....3.5.p
commptation number q ... S 60050-551-17-03.....3.5.4
commptationrepetitive-transient e e 356
contrallable arm T T e 3.3
contrgllable valve device.........cooiiiiiiiiii e A 60050-551-14-03.....3.3.
contrglled ideal no-load direct voltage Uy, ......reerveeneneeennninni. 60050-551-17-16.....3.8.2
contrgled-conventional-ne-load-directvoltagect. g , e e e el
conveftion (natural Circulation) ... 3.10.5
conveptional no-load direct voltage Ugg\nioooeviiiiiiiiiiiniii, 60050-551-17-17.....3.8.8
convefter connection.........coooevveensl i, 60050-551-15-10.....3.2.8
coprroptorooetienerodonble coniniee e
(oToTo] [Tl s I a0 T=Te 11U ] ¢ o O PP 3.10.1
deformation factor v e 3.8
direct jcommutation ... & 60050-551-16-09.....3.4.8
{o 1 =Y oa @ "o o To ] 11 4o P 3.10.3
dlrect {Ze] 2= Yo [ 1 o] o J P 60050-551-17-21.....3.8.}Y
Joomorior e

electrical isStUrDaNCe ... ... 3.11.1
electronic’power converter ........................................................ 60050-551-12-01.....3.1.¢
EXEINCLION AN ¥ ouni s 3.5 8
forced circulation (forced COOlING) . .c.u i e 3.10.6

ftetaly harmonic distortion ... 60050-702-07-61..... 3.11.3
heat transfer ageNt ... 3.10.2
ideal crest No-load voltage Ujpg.....oovvvvvniiiiiiiiiiciii s e 3.8.5
ideal no-load direct voltage Ugj.......ccoovveviiiiiiiiiiiiic e 60050-551-17-15.....3.8.1
immunity level <for ConVerters™> ... 3.11.2
indirect commutation ... 60050-551-16-10.....3.4.4
|nd|rect o0 T Y 1o Vo XY 3.10.4

3512
EERCas o
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Term IEC Subclause
line commMUEAtION.......cooiiii e 60050-551-16-12.....3.4.5
load commuEation .........ccoiiiiiiiii e 60050-551-16-13.....3.4.6
o= I Yo = 3.7.2
natural circulation <for converters> (CONVECtioN).......ccooiiiiiiiiis i, 3.10.5
nominal voltage U, <for converters> ... 3.6.3
semeentellelre i 0o o oo e
NON-UNIfOrm CONNECLION.... ...t 60050-551-15-18.....3.2.5
oot oot e e |
parallgl connection <for CONVEITErS™ ... e e 3.2.6
POWET| EFfICIENCY ... e N T 3.7.4
power|factor of the fundamental wave or displacement factor cos @4 ..........£0.5........ 3.8.9
PriNCIPal @rm ... 60050-554-15-02.....3.2.2
PUISE NUMDET Poee 60050<5651-17-01.....3.5.p
guodspatcetenoration e de oleley 338
QUENCIING c ottt ettt ettt et et e e e e 60050-551-16-19.....3.4.»
rated gurrent on the traction side of a frequency converter ..M cooooooeiiiiiiiiiennnnn, 3.6.9
rated AC voltage on the supply side of a converter Uyy ../o,.5ee evviiiiiiiiiiiiiiiiiiiiis 3.6.p
rated AC voltage on the traction side of a converter Upg.)...oooovv voveiiiiiiiiiiiii, 3.6.
=10 I T O o To 11 o S 3.7.8
rated glireCt VOIAGE U . vvvvrrrrrrmrmmiiiiiiiiiiiiiiiii e e 3.6.
rated frequency fy <for converters> .................@uociiiiiiiiiiii 3.6.2
rated (Nsulation voltage Upjy «-vveeeeeeererrieee Nl e 3.6.4
(=1 C=To IR = 11U s S PPN 3.6.1
real np-load direct voltage Uggg «..vvvveeesdibemeeniiiiiiiiiiiiiiiiiiiiiiiis 60050-551-17-19.....3.8.¢
oisleee et co0EL b d0 27 o
self-commutation ... 60050-551-16-15.....3.4.7
SEMICPNAUCTOr EVICE . i et et eans 3.1.1
SEMESCONNMECHION w1 v rrimevs v s s e e 3.2.9
(valveldevice) stack .7 ..o, 60050-551-14-12.....3.1.2
SINGlEICONVEITEN cor i 60050-551-12-38.....3.3.8
sinalelwav copnéction (of 3 converter) 6860050-5564-15-12 32K
single|lway connection {(of a converter) o 60050-551-15-12.....3.2.p
system contrOl e qUIPMENt ... o e 3.1.6
therma@l equilibrium-temperatire ... s 3.10.7
thermal r€sistance Ry oo 3.9.1
total POWET TACTOr d v s e 3.8.8
transient thermal impedance Zij,...........ccooooiiiiii i 3.9.2
transition current..... ... 60050-551-17-20.....3.8.6
trigger advance angle B ... 60050-551-16-34.....3.5.7
trigger delay angle ol .....oooouiiiiiiii 60050-551-16-33.....3.5.6
trigger equipment{gatingeatiprment). ..o 3.1.5

UNIfOrm CONNECHION . ..ve e 60050-551-15-15.....3.2.4

virtual junction temperature B e 3.9.3
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

RAILWAY APPLICATIONS - FIXED INSTALLATIONS -
ELECTRONIC POWER CONVERTERS FOR SUBSTATIONS

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising

all nfational electrotechnical committees (IEC National Committees). The object of IEC is to promote inter

Cco-¢

in agldition to other activities, IEC publishes International Standards, Technical Specifications, Technieal H
icly Available Specifications (PAS) and Guides (hereafter referred to as “IEC Publication(s)’].

Pub)
preg
may
withf
Sta

2) The

congensus of opinion on the relevant subjects since each technical committiee /has representation

inte

3) IEC
Conf
Pub)

4) In g

trangparently to the maximum extent possible in their national‘andregional publications. Any divergence 4
IEC Publication and the corresponding national or regional publication shall be clearly indicated in thg latter.

any
5) IEC

assgssment services and, in some areas, access to (lEC marks of conformity. IEC is not responsible

sery
6) All |
7) No

members of its technical committees andAEC National Committees for any personal injury, property darn
r damage of any nature whatsoever,” whether direct or indirect, or for costs (including legal feg¢s) and

othg

peration on all questions concerning standardization in the electrical and electronic fields. To_this\é

aration is entrusted to technical committees; any IEC National Committee interested in the'subject de

the IEC also participate in this preparation. IEC collaborates closely with the International Organiz
dardization (ISO) in accordance with conditions determined by agreement betweenthe two organiz

ested IEC National Committees.

mittees in that sense. While all reasonable efforts are made to ensure that the technical content

rder to promote international uniformity, IEC National Cemmittees undertake to apply IEC Publ

itself does not provide any attestation of conformity,“Independent certification bodies provide co

ices carried out by independent certification bodies.
sers should ensure that they have the latest.edition of this publication.

iability shall attach to IEC or its directors) employees, servants or agents including individual expe

ational
nd and
eports,
Their
alt with

tion for
ions.

participate in this preparatory work. International, governmental and non-governmental organizationsiliaising

formal decisions or agreements of IEC on technical matters express, as nearly,as/possible, an interpational

rom all

Publications have the form of recommendations for international use“and are accepted by IEC National

of IEC

ications is accurate, IEC cannot be held responsible for the way in which they are used or for any
misinterpretation by any end user.

cations
etween

formity
for any

rts and

hage or

expenses arising out of the publication}use of, or reliance upon, this IEC Publication or any other IEC Publ|cations.

8) Attgntion is drawn to the Normative ' references cited in this publication. Use of the referenced publications is
indigpensable for the correct application of this publication.

9) Attegntion is drawn to the passibility that some of the elements of this IEC Publication may be the subject of patent
rights. IEC shall not be Held'responsible for identifying any or all such patent rights.

Interngtional Standard IEC 62590 has been prepared by IEC technical committee 9: Elgctrical

equipment and systems for railways.

This sfandard is based on EN 50328.

This second—editionm cancels and reptaces the firsteditiom pubtished—m 20101 his edition

constitutes a technical revision.

This edition includes the following significant technical changes with respect to the previous
edition:

a) Incorporation of DC converters.

b) Correction of the clearances and withstand voltages due to erroneous use of PD in former
edition.

c) Adaption to current ISO/IEC directive part 2, adaption of structure, adaption of vocabulary,
removal of unused term and abbreviations.

The text of this standard is based on the following documents:
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FDIS Report on voting
9/2502/FDIS 9/2516/RVD

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

This document has been drafted in accordance with the ISO/IEC Directives, Part 2.

The committee has decided that the contents of this document will remain unchanged until the
stability date indicated on the IEC website under "http://webstore.iec.ch” in the data related to
the splecific document. At this date, the document will be

e re¢onfirmed,
e withdrawn,
e replaced by a revised edition, or

e anjended.

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

Semiconductor converters for traction power supply differ from other converters for industrial
use due to special electrical service conditions and due to the large range of load variation and
the peculiar characteristics of the load.

For these reasons IEC 60146-1-1 does not fully cover the requirements of railway applications
and the decision was taken to have a specific standard for this use.

Converter transformers for fixed installations of railway applications are covered by IEC 62695.

Harmgnization of the rated values and tests of the whole converter group are coverned by
IEC 62589.



https://iecnorm.com/api/?name=11f51fb2222ba5c977c0c53ffa768136

-8 - IEC 62590:2019 © IEC 2019

RAILWAY APPLICATIONS - FIXED INSTALLATIONS -
ELECTRONIC POWER CONVERTERS FOR SUBSTATIONS

1 Scope

This document specifies the requirements for the performance of all fixed installations electronic
power converters, using controllable and/or non-controllable electronic valves, intended for

iopnpower supnnly
tractiopp pply

The devices can be controlled by means of current, voltage or light. Non-bistable/dévices are
assunjed to be operated in the switched mode.

This document applies to fixed installations of the following electric traction' systems:

e railways,

e gujded mass transport systems such as: tramways, light_raiDl systems, elevated and
unfderground railways, mountain railways, trolleybusses.

This document does not apply to:

e cranes, transportable platforms and similar transpoftation equipment on rails,
e suppended cable cars,

o funicular railways.

This document applies to diode rectifiers, controlled rectifiers, DC converters, invertefs and
frequgncy converters.

The equipment covered in this document is the converter itself.

2 Noprmative references

The following documentsyare referred to in the text in such a way that some or all of their cpntent
constifutes requireménts of this document. For dated references, only the edition cited applies.
For undated references, the latest edition of the referenced document (including any
amendments) applies.

IEC 60050-811:2017, International electrotechnical vocabulary — Part 811: Electric tractipn

IEC 607146 (all parts), Semiconductor convertors

IEC TR 60146-1-2:2011, Semiconductor converters — General requirements and line
commutated converters — Part 1-2: Application guide

IEC 60529:1989, Degrees of protection provided by enclosures (IP Code)
IEC 60721 (all parts), Classification of environmental conditions

IEC 60721-3-3:1994, Classification of environmental conditions — Part 3: Classification of
groups of environmental parameters and their severities — Section 3: Stationary use at
weatherprotected locations

AMD1:1995

AMD2:1996


https://iecnorm.com/api/?name=11f51fb2222ba5c977c0c53ffa768136

IEC 62590:2019 © IEC 2019 -9-

IEC 60721-3-4:1995, Classification of environmental conditions — Part 3: Classification of
groups of environmental parameters and their severities — Section 4: Stationary use at non-
weatherprotected locations

AMD1:1996

IEC 60850:2014, Railway applications — Supply voltages of traction systems

IEC 61000-2-4:2002, Electromagnetic compatibility (EMC) - Part 2-4: Environment -
Compatibility levels in industrial plants for low-frequency conducted disturbances

IEC 61000-2-12:2003, Electromagnetic compatibility (EMC) — Part 2-12: Environment -
Compatibility levels for low-frequency conducted disturbances and signalling in public médium-
voltage power supply systems

IEC 61992-7-1:2006, Railway applications — Fixed installations — DC switchgear — Paft 7-1:
Measyrement, control and protection devices for specific use in DC traction syst¢ms —
Appliciation guide

IEC 62236 (all parts), Railway applications — Electromagnetic compatibility

IEC 62236-5:2018, Railway applications — Electromagnetic compatibility — Part 5: Emissi¢n and
immunity of fixed power supply installations and apparatus

IEC 62497-1:2010, Railway applications — Insulation caordination — Part 1: Basic requirements
— Clegrances and creepage distances for all electricalcand electronic equipment

3 Terms and definitions
For the purposes of this document, the following terms and definitions apply.

ISO and IEC maintain terminological databases for use in standardization at the following
addresgses:

e |EC Electropedia: available“at http://www.electropedia.org/

e ISP Online browsingyplatform: available at http://www.iso.org/obp
NOTE |An alphabetical index is given in Annex C.

3.1 [Semiconductor devices and combinations

3.1.1
semigonductor device
devicqd_whose essential characteristics are due to the flow of charge carriers within a
semiconductor

[SOURCE: IEC 60050-521: 2002, 521-04-01, modified — note omitted]

3.1.2

(valve device) stack

a single structure of one or more electronic valve devices with its (their) associated mounting(s)
and auxiliaries if any

[SOURCE: IEC 60050-551:1998, 551-14-12]
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(valve device) assembly
an electrically and mechanically combined assembly of electronic valve devices or stacks,
complete with all its connections and auxiliaries in its own mechanical structure

[SOURCE: IEC 60050-551:1998, 551-14-13]

3.1.4
electr

onic power converter

operative unit for power conversion comprising one or more assemblies of semiconductor
devices

Note 1

o entry: The transformers are described in IEC 62695

[SOURCE: IEC 60050-551:1998, 5651-12-01, modified — “electronic” has been ormitted.
“electfonic valve devices, transformers and filters if necessary and auxiliaries if ‘any” has
replaced with “assemblies of semiconductor devices”. The note 1 to entry has been omit

3.1.5

trigger equipment

equipment which provides suitable trigger pulses from a control.sighal for controllable|
devicgs in a converter or power switch including timing ors/phase shifting circuits,
generating circuits and usually power supply circuits

3.1.6

system control equipment
equipment associated with a converter equipment or system which performs aut

adjust

3.2
3.2.1

ment of the output characteristics as a funétion of a controlled quantity

Arms and connections

(valve) arm

a part

of the circuit of an electronic power converter or switch bounded by any two AC

terminals and including one or_more simultaneously conducting electronic valve d

conne

cted together and other components if any

[SOURCE: IEC 60050-551:1998, 551-15-01]

3.2.2
princi
a valv

pal arm
e arm involved in the major transfer of power from one side of the converter or ele

switchl to the.other

Note 1

been
ted. ]

valve

pulse

bmatic

or DC
bvices

tronic

yersa.

o—-antri Dependinag-on-the-mode-of-operation-a-principal-arm-mav-act-as—ap—athdiarn—arm-orvice.
LAA 2 o =-8pP-8ReHIg-oR—+te+hoa —opeatHeR—apHRGH P H R ayYaetasah—athxdHa R4

[SOURCE: IEC 60050-551:1998, 551-15-02]

3.2.3

converter connection
the electrical arrangement of valve arms and other components essential for the function of the
main power circuit of a converter

[SOURCE: IEC 60050-551:1998, 551-15-10]

3.24

uniform connection
a connection with either all principal arms controllable or all principal arms non-controllable
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[SOURCE: IEC 60050-551:1998, 551-15-15]

3.2.5
non-u

niform connection

a connection with both controllable and non-controllable principal arms

[SOURCE: IEC 60050-551:1998, 551-15-18]

3.2.6

parallel connection <for converters>
connection in which two or more converters are connected in such a way that their currents add

3.3
3.3.1

Controllability of converter arms

controllable valve device

a valv
[SOUHR

3.4

3.4.1
comn

in an g¢lectronic power converter the transfer of currept'from one conducting arm to the 1

condu
during

[SOUR

3.4.2
quengd
the te

[SOUR

3.4.3
direct

e device the current path of which is bistably controlled in its conducting direction
RCE: IEC 60050-551:1998, 551-14-03]

Commutation, quenching and commutation circuitry

utation

Ct in sequence, without interruption of the current, both arms conducting simultan
a finite time interval

RCE: IEC 60050-551:1998, 551-16-01]
hing
mination of current flow in an.arm without commutation

RCE: IEC 60050-551:1998, 551-16-19]

commutation

a commutation between two principal arms without transfer through any auxiliary arms

[SOUF

RCE: I[E€60050-551:1998, 551-16-09]

3.44

ext to
bously

indire

ct commutation

a series of commutations from one principal arm to another or back to the original one by
successive commutations via one or more auxiliary arms

[SOURCE: IEC 60050-551:1998, 551-16-10]

3.4.5

line commutation

an ext

ernal commutation where the commutating voltage is supplied by the line

Note 1 to entry: In the text commutated is used instead of commutation.

[SOURCE: IEC 60050-551:1998, 551-16-12]
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load commutation
an external commutation where the commutating voltage is taken from a load other than the

line

[SOURCE: IEC 60050-551:1998, 551-16-13]

3.4.7

self commutation
a commutation where the commutating voltage is supplied by components within the converter

or the

electronic switch

Note 1

[SOUR

3.5

3.5.1
comm
the vo

[SOUR

3.5.2
angle
u
durati
meast

[SOUH
princif

3.5.3

comn
a grou
comm

[SOUR
3.5.4

comm
q

o entry: In the text commutated is used instead of commutation

RCE: IEC 60050-551:1998, 551-16-15]

Commutation characteristics

utating voltage
tage which causes the current to commutate

RCE: IEC 60050-551:1998, 551-16-02]

of overlap

bn of the commutation interval between a pair of principal arms, expressed in a
re, where the two arms carry current

RCE: IEC 60050-551:1998, 551-16<05, modified — “duration of’, “between a ¢
al arms,” and “,where the two arms carry current” have been added.]

utating group
p of principal arms which commutate cyclically among themselves without interm
Ltation of the curreéntto other principal arms

RCE: IEC 60080-551:1998, 551-16-08]

utation number

hgular

air of

ediate

numbear af ions f incinal | ina_duri iod

alternating voltage in each commutating group

of the

[SOURCE: IEC 60050-551:1998, 551-17-03, modified — “during one elementary period” has
been replaced with “occurring during one period of the alternating voltage”.]

3.5.5
pulse
p

number

number of non-simultaneous symmetrical direct or indirect commutations from one principal arm

to ano

ther, during one period of the alternating voltage

[SOURCE: IEC 60050-551:1998, 551-17-01, modified — “which occur during one elementary

period

” has been replaced with “during one period of the alternating voltage”.]
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3.5.6

trigger delay angle

a

time expressed in angular measure by which the trigger pulse is delayed with respect to the
reference instant (see Figure 1)

Note 1 to entry: For line, machine or load commutated converters the reference instant is the zero crossing instant
of the commutating voltage.

For AC controllers it is the zero crossing instant of the supply voltage.

For AC controllers with inductive load, the trigger delay angle is the sum of the phase shift and the current delay
angle

[SOURCE: IEC 60050-551:1998, 551-16-33, modified — The end of the definition “in thl case
of phdse control” has been removed. The note 1 to entry has been changed.]
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Figure 1 — lllustration of angles
3.5.7
trigger advance angle
B

(see Figure 1)

the time expressed in angular measure by which the trigger pulse is advanced with respect to
the reference instant

Note 1 to entry: With line, machine or load commutated converters the reference instant is the zero crossing instant
of the commutating voltage.

[SOURCE: IEC 60050-551:1998, 551-16-34]
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3.5.8

extinction angle

e

time, expressed in angular measure, between the moment when the current of the arm falls to
zero and the moment when the arm is required to withstand steeply rising off-state voltage

3.6 Rated values

3.6.1

rated value

value of a quantity used for specification purposes, established for a specified set of operating
conditions of a component, device, equipment, or system

[SOURCE: IEC 60050-151:2001, 151-16-08]

3.6.2
rated frequency <for converters>
N
frequgncy on either side of the converter for the conversion of whighthe converter grpup is
designed to operate

3.6.3
nominal voltage <for converters>
Un
voltage by which a converter is designated

Note 1 jo entry: The standardized values of nominal voltages.are given in IEC 60850.

3.6.4
rated jinsulation voltage

UNm
rated yalue of the RMS withstand voltage assigned by the manufacturer to the equipment or to
a part|of it, characterizing the specified (long-term) withstand capability of its insulation

Note 1 o entry: Standardized valuesjof rated insulation voltages are given in IEC 62497.

[SOURCE: IEC 60050-312:~2014, 312-06-02, modified — note 1 to entry removed]

3.6.5
rated JAC voltage on the supply side of a converter
UNV
RMS value ofthe no-load voltage between vectorially consecutive commutating phase terminals
of a chmutating group

3.6.6

rated AC voltage on the traction side of a converter

Unt

RMS value of the no-load voltage on the traction side of a frequency converter

3.6.7
rated direct voltage

Und
specified value of the direct voltage between the DC terminals of the converter assembly at
basic direct current

Note 1 to entry: This value is the mean value of the direct voltage.

Note 2 to entry: A converter may have more than one rated voltage or a rated direct voltage range.
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Note 3 to entry: The rated direct voltage of a converter depends on the characteristics of the transformer and a
guaranteed value of rated direct voltage is valid only together with the transformer (see IEC 62589).

3.6.8

basic service current on the supply side of a converter

IBv

RMS value of the AC current, containing all harmonics, on the supply side of a converter at
basic current on the DC side

Note 1 to entry: For polyphase equipment, this value is computed from the basic direct current on the basis of
rectangular shaped currents, 120° conducting, of the converter elements. For single phase equipment, the basis of
calculation must be specified.

3.6.9
rated current on the traction side of a frequency converter
Ing
RMS value of the AC current on the traction side of a frequency converter under rated conditions

3.6.10
basic|current <for converters>
Ig
mean [value of the current for specified load and service conditions

3.6.11
basic|direct current
Igq
mean value of the direct current for specified load and-service conditions

Note 1 fo entry: Together with a duty class I, is considered as the 1,0 p.u. value, to which other values ¢f 7, are
compargd.

3.7 |Load capabilities

3.71
duty ¢lass
tabled| representation of currentcapability and test values for standard design converfers in
terms |of current values and duration selected to represent a characteristic group of practical
applicptions

Note 1 fo entry: The current values are expressed in per unit of the basic direct current I

3.7.2
load gycle
conveptiomahrepresentation of the current demand to a converter group

Note 1 4 T 4 ! A e A H i of 7
ote o ety meturrentvaraeSare exXpreSSetin7r ot perunttoT 75

Note 2 to entry: The load cycle shows the repetitive variation of the loads with time and, hence, the overloads and
underloads the converter group is expected to carry, as well as, for the transformers, the duration and intervals
assumed.

[SOURCE: IEC 60050-881: 2017, 811-28-38 modified — The note 1 to entry has been changed.]

3.7.3
rated DC power
delivered power at working point of basic direct current /g4

3.7.4
power efficiency
ratio of the output power to the input power of the converter
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3.8
3.8.1

Specific voltages, currents and factors

ideal no-load direct voltage

Ugi

theoretical no-load mean direct voltage of a converter, assuming no reduction by phase control,
no voltage drop in the assemblies and no voltage rise at small loads

[SOURCE: IEC 60050-551:1998, 551-17-15, modified — “mean” has been added. “AC/DC” has
been removed. “no threshold voltages of electronic valve devices” has been replaced with “no
voltage drop in the assemblies®.]

3.8.2

controlled ideal no-load direct voltage

Udiq
theorg
delay
small

[SOUHF

3.8.3
conve

Ugo
mean
voltag

Note 1

[SOUH
direct
replac

3.8.4
real n

Udoo
actual

[SOUR

3.8.5
ideal

tical no-load direct voltage of an AC/DC converter corresponding to a“specified
pngle assuming no threshold voltages of electronic valve devices and |no voltage
oads

RCE: IEC 60050-551:1998, 551-17-16]

ntional no-load direct voltage

value of the direct voltage which would bg ‘ebtained by extrapolating the
e/current characteristic for continuous direct ¢urrent back to zero current

o entry: U, is equal to the sum of U, and the no<load voltage drop in the assembly.

current to zero current at zero trigger delay angle, i.e. without phase control” has
ed with “for continuous direct current back to zero current®.]

p-load direct voltage
mean direct voltage at zero direct current

RCE: IEC 60050-551:1998, 551-17-19]

Crest no-load voltage

Uim

rigger
rise at

direct

RCE: IEC 60050-551:1998, 551-17-1%; modified — “from the region of continuous flow of

been

no-load voltage between the end terminals of an arm neglecting internal and external voltage

surge

3.8.6
transi

and voltage drop in valves

tion current

mean direct current of a converter connection when the direct current of the commutating
groups becomes intermittent when decreasing the current

[SOURCE: IEC 60050-551:1998, 551-17-20, modified — “commutation” has been replaced with
“‘commutating“]
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3.8.7

direct voltage drop

difference between the conventional no-load direct voltage and the direct voltage at basic direct
current, at the same current delay angle, excluding the correction effect of stabilizing means if
any

Note 1 to entry: The nature of the DC circuit (for example capacitors, voltage sources) can affect the voltage drop
significantly. Where this is the case, special consideration is required.

3.8.8
total power factor
A

_active power

apparent power

3.8.9
power factor of the fundamental wave or displacement factor
cos o

active power of the fundamental wave

Cos ¢, =
i apparent power of the fundamertal wave

3.9 |Definitions related to virtual junction temperatare

3.91
thermial resistance
Rin
quotient of the difference between the virtuaktemperature of the device and the temperafure of
a stated external reference point, by the steady state power dissipation in the device

[SOURCE: IEC 60050-521:2002, 521=05-13]

3.9.2
transient thermal impedance
Zin
quotignt of the variatioh\of the temperature difference, reached at the end of a time interval
betwekn the virtual junction temperature and the temperature at a specified external ref¢rence
point And the step‘function change of power dissipation at the beginning of the same time
interval causing{the change of temperature

Note 1 {o entry:\ The transient thermal impedance is given in a characteristic curve as a function of the time interval.

3.9.3
virtual junction temperature
9;
calculated temperature within the semiconductor material which is based on a simplified

representation of the thermal and electrical behaviour of a semiconductor device

3.10 Cooling

3.10.1
cooling medium
liquid (for example water) or gas (for example air) which removes the heat from the equipment
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3.10.2

heat transfer agent

liquid (for example water) or gas (for example air) within the equipment to transfer the heat from
its source to a heat exchanger from where the heat is removed by the cooling medium

3.10.3

direct cooling

method of cooling by which the cooling medium is in direct contact with the parts of the
equipment to be cooled, i.e. no heat transfer agent is used

3.10.4

indirect buu“llg
methold of cooling in which a heat transfer agent is used to transfer heat from the par{ to be
cooled to the cooling medium

3.10.
natur}l circulation <for converters>
convgction

method of circulating the cooling medium or heat transfer agent which’ uses the chapge of
volumegtric mass (density) with temperature

3.10.

forced circulation
forced cooling
method of circulating the cooling medium or heat transfer‘agent by means of blower(s),|fan(s)

or pump(s)

3.10.

thermial equilibrium
steady-state temperature condition reached by a component of a converter under sp¢cified
conditjons of load and cooling

Note 1 [to entry: The steady-state temperatures are in general different for different components. The times
necessdry to establish steady-state are also different and proportional to the thermal time constants.

3.11 |Electromagnetic compatibility and harmonic distortion

3.111
electrjcal disturbance
any vgriation of an electrical quantity, beyond specified limits, which can be the cause of|a loss
of performance ot an interruption of service or damage

3.11.2
immuhity level <for converters>
specifled*value of an electrical disturbance below which a converter is designed to mdet the
required performances or continue operation or avoid damage

3.11.3

harmonic distortion

a type of non-linearity distortion characterized by the production of output components with
frequencies which are integral multiples of the frequency of the sinusoidal input signal

[SOURCE: IEC 60050-702:1992,702-07-61]

4 Symbols

dyig inductive direct voltage drop due to converter transformer referred to Uy;
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inductive component of the relative short-circuit voltage of the converter transformer
corresponding to the basic current on the supply side of the transformer

rated frequency
number of sets of commutating groups between which /g, is divided

order of harmonic
basic direct current

basic service current on the supply side of a converter

direct current (any defined value)

rated current on the traction side of a frequency converter
current on the supply side of a converter

coupling factor

pulse number

active power

commutation number

number of series connected commutating groups
angle of overlap (commutation angle)

power frequency withstand voltage

total inductive direct voltage drop at basic ditect current
direct voltage (any defined value)
conventional no-load direct voltage
real no-load direct voltage

ideal no-load direct voltage

controlled ideal no-load direct voltage
ideal crest no-load voltage

nominal voltage

rated direct yoltage

impulse-Voltage

rated\insulation voltage

rated AC voltage on the traction side of a frequency converter

IdtUd AC vuitagc UTl t;lc buppiy biu'c Uf d bUIIVCItUI
no-load phase to phase voltage

trigger delay angle
trigger advance angle
extinction angle

total power factor

displacement angle for the fundamental component of /g,
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5 Operation of semiconductor power equipment and valve devices

5.1

5.1.1

Classification of traction supply power converters and valves

Types of traction supply power converters

a) AC to DC conversion:

1)
2)

diode rectifier;

controlled rectifier.

b) DC to AC conversion:

1)

mnvertar
HH-e+te

c) Ad

1)
2)

d) DC

2)
For th
5.1.2

A con

a) frg
b) vo

to AC conversion:

direct frequency converter;

DC link frequency converter:

i) supply side;

ii) traction side.
[ to DC conversion

chopper, i.e. direct DC to DC converter;

NOTE For example, such converters are used inside stationary energy storage system def
IEC 62924.

indirect DC to DC converter.

b information required see Annex A.

Purpose of conversion
erter changes or controls one or more characteristics such as:

quency,
tage,

c) nu
d) ac

mber of phases,

tive power flow,

e) reactive power flow;

f) po
5.1.3

Semid|

wer quality parameters.

Classification of semiconductor valve devices

ined in

onductor valves can be turned off either by commutation implying that the current

valve

of the

s\fransferred to another valve or by quenching if the current of the valve falls to zgro.

Valves used in traction supply power converters can be divided into the following categories:

a) non-controllable valve with a conductive forward and a blocking reverse characteristic

(di

ode);

b) valve with a controllable forward and a blocking reverse characteristic (e.g. reverse blocking
thyristor);

c) valve with a controllable forward and a conductive reverse characteristic (e.g. reverse

co

nducting thyristor);

d) valve with a controllable forward and / or reverse characteristic which can be turned on
and/or off via a signal applied to the gate (e.g. gate turn-off thyristor, insulated gate bipolar
transistor);

e) valve with controllable forward and reverse characteristic (e.g. bi-directional thyristors).
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Basic calculation factors for line commutated converters

Voltage

The ideal no-load direct voltage Uy; is obtained from the voltage between two commutating
phases U, the commutation number g and the number of series-connected commutating
groups s, between terminals on DC side, by the formula:

U, =U, %42 x L xsin~
4 p

a) un

1)

2)

b) no

5.2.2

At the
The t
conne
transf

iform connection

U

If the converter load is purely resistive:

=U, xcosa

dia

T
0<a<s——-—

for 2 p. Ugo =Uy xcosa

dia

T Zca<Z i 2 1 -sin(&- 7/ p)

If the direct current is continuous over the entire control range:

2 p 2 p. U. =U. x
f : ia i :
o ¢ ‘ 2sin(7 / p)

h-uniform connections
Ug, =0,5xU, x(1+cosa)

dia

Voltage characteristics and transition current

brmer becomes ineffective.

transition current value, the woltage/current characteristic bends as shown in Fig
ransition current can be ‘obtained, for example in case of interphase trans
ction, because the direct'current decreases below the critical value where the inten

ure 2.
ormer
phase
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6 S

6.1

NOTE
6.1.1
6.1.1.
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Figure 2 — Voltage regulation

brvice conditions

Code of identification of cooling method

In most cases, the identification egde for the cooling method is the same as that in use for transforn
Letter symbols to be used
Cooling medium or heat transfer agent (see Table 1)

Table 1 — Letter symbols for cooling mediums and heat transfer agents

Cooling medium or heat transfer agent Symbol
Mineral oil (0]
Dielectric liquid (other than mineral oil or water) L
Gas S
Water w
Air A
Fluid used for two-phase cooling P

6.1.1.2 Method of circulation (see Table 2)

Table 2 — Letter symbols for methods of circulation

Method of circulation Symbol

Natural (convection) N

Forced, moving device not incorporated E
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Forced, moving device incorporated

Vapour cooling Vv

6.1.2 Arrangement of letter symbols
6.1.2.1 Direct cooling

The first letter indicates the cooling medium (6.1.1.1), the second the circulation method
(6.1.1.2).

EXAMPLE AN: air cooled, natural circulation (convection).

6.1.2.2 Indirect cooling

The code includes four symbols.

The fitst two letters indicate:

a) the heat transfer agent (6.1.1.1),
b) th¢ circulation method of the heat transfer agent (6.1.1.2).

The ldst two letters indicate:

c) the cooling medium (6.1.1.1),

d) the circulation method of the cooling medium (6.1.1.2).
EXAMPLE OFAF: converter with forced circulated oil (pump) as heat trpnsfer

agent and force€dcirculated (fan) air as cooling medium.

6.1.2.3 Mixed cooling method

forced, two groups of symbols, separated by a stroke, shall indicate both possible methpds of
circulgtion as used, the first group’ corresponding with the lower heat flow or the lower ammbient
air temperature.

For bgth cases, direct cooling or indirect cooling, if the circulation is alternatively nat:EaI or

Therefore, the complete~code shall include:

a) forldirect cooling: two groups of letters separated by a stroke.

EXAMPLE 1:{~AN/AF: converter with natural direct air cooling and possibilities for
forced direct air cooling;
b) forlindirect cooling: two groups of letter symbols separated by a stroke.

EXAMPI E 2 OFAN/QFAF- converter with forced circulated ail as heat transferlagent
and natural air as cooling medium with possibilities for
forced air as cooling medium.

6.2 Environmental conditions
6.2.1 Ambient air circulation

Equipment installed in a room shall be connected to the (unlimited) supply of cooling medium
or if the cooling air is taken from the ambient in the room, provision shall be made to extract
the heat from the room, which then can be considered as an intermediate heat-exchanger
between the equipment and the outside air.

For converters mounted in an enclosure, the ambient for the converters (internal air of the
cubicle or cabinet) is to be considered as a heat transfer agent and not as a cooling medium.
There is some reflection from the cabinet walls, which should be taken into account. Cubicle or
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cabinet mounted assemblies shall comply with the overload conditions at maximum tempe
of the outside air.

6.2.2 Normal service conditions
6.2.2.1 General

The following limits shall apply unless otherwise specified.

6.2.2.2 Storage and transport temperatures

Minimum Maximum

rature

Storage and transport -25 °C +55 °C

Theseg| limits apply with cooling liquid removed.

6.2.2.3 Operation including off-load periods

6.2.2.3.1 Temperatures of cooling air

Minimum Maximum
a) Extreme values -5°C +40 °C
b) D4gily average +35 °C

rly average +25 °C

6.2.2.3.2 Relative humidity of the ambient air
a) Mirfimum: 15 %.

b) Makimum: standard design converters afe designed for the case where no conden
can occur. If condensationlis to be provided for, the case shall be trea
special service condition((see 6.2.3).

6.2.2.3.3 Dust and solid particles content

Standgrd design equipment issindoor equipment, pollution degree 3A. (Refer to Table
IEC 62497-1:2010.)

Any cgndition exceeding"PD 3A shall be specified by the purchaser as special service con
6.2.2.3.4 Vibrations

Standard meehanical environment class for indoor equipment is 3M1 according to IEC 60
3:1994+AMDI:1995+AMD2:1996 and for outdoor equipment 4M1 according to IEC 60

+AMD1:1996.

sation
fed as

A.4 of

dition.

y21-3-
[21-3-

Any condition differing from the above shall be agreed between purchaser and supplier.

6.2.2.4 Altitude

With regard to the use of air as cooling medium or heat transfer agent, altitudes up to 1
are considered as normal. If a converter is to be used at an altitude above 1 000 m but is
at normal altitude, the current capability shall be decreased by 1 % for each 100 m by

000 m
tested
which

the altitude of use exceeds 1 000 m in the case of natural air-cooling, and by 1,5 % for forced

air-cooling.

With regard to the dielectric properties of air, altitudes up to 2 000 m are considered as normal

(refer to IEC 62497-1).
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Special service conditions

The service conditions are assumed to be those listed under normal service conditions. The
following list gives examples of special service conditions that shall be subject to a special
agreement between purchaser and supplier:

a) special mechanical stresses, for example shocks and vibrations;

b) foreign particles in the ambient air, for example abnormal dirt or dust;

c) salt air (for example proximity to the sea);

d) high values of relative humidity and/or temperature similar to those associated with tropical
climatic conditions;

e) oti|1er special service conditions not covered by this list or service conditions exceedi

Sp

In cag
should

6.3
6.3.1

For ng
public

ecified limits of normal service conditions.

e special service conditions are required, the service conditions listed i IEC
preferably be used.

Electrical service conditions
General

ptwork conditions concerning the AC supply network. reference shall be made
htions of IEC TC 77 and its subcommittees.

For n

IEC 62236-5, to IEC 62497-1 and to IEC 60850.

hg the

60721

to the

twork conditions concerning the traction supplyvnetwork reference shall be made to

Information on prospective conditions of coexistence between supply systems, disturbing loads
and sensitive apparatus (mostly low current control equipment, other power converters, [power
capac|tors and sensitive lines such as used for communications, signalling and confrol) is
essential during the early stages of the\design of an installation (notably: ratio of short{circuit
power|to apparent power, presence _afycapacitors or other converters).
Guidapce on calculation methods-will be found in IEC TR 60146-1-2.
6.3.2 Limiting values.as basis of rating
Unles$ otherwise specified, the converter shall be designed to operate under the service
conditjons specified by the following limiting values.
6.3.2. Three-phase AC supply network
6.3.2.1.1 Frequency

Variation
Range +2 % of fy
Rate of change +1 %/s
6.3.2.1.2 Voltage

Variation
Steady state +10 % / =10 % of Uy

Short time (0,5 to 30 cycles) +15 %/ -15 %

6.3.2.1.3 Harmonics in supply voltage

Refer

to IEC 61000-2-12 and IEC 61000-2-4.
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NOTE A harmonic distortion of the AC supply voltage can cause overloads:

— in 12 pulse rectifiers and their transformers due to unbalanced load sharing,
— in two parallel 6 pulse rectifiers with separate transformers due to unbalanced load sharing,
— in capacitive circuits of converters.

6.3.2.1.4 Repetitive and non-repetitive transients

On request the following characteristics shall be specified as far as possible (see Figure 3):

a) transient energy available at the converter terminals (J);

b) rise time, (from 0,1 to 0,9 p.u. peak value) (us);
c) pejak value U rm/ULwm (p.u.);
d) pj:k value U su/ULwm (p.u.);
e) dufration above 50 % (t) (us).

IEC

NOTE |Fervadditional information on AC voltage waveforms, see IEC TR 60146-1-2.

Figure 3 — AC voltage waveform

6.3.2.2 Single-phase AC traction supply voltage
6.3.2.2.1 Frequency

The frequency range according to IEC 60850 applies.

6.3.2.2.2 Voltage

The voltage ranges according to IEC 60850 apply.
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6.3.2.2.3 Harmonics

Refer

to IEC 61000-2-4.

6.3.2.2.4 Repetitive and non-repetitive transients

Refer to 6.3.2.1.4.

6.3.3

DC traction supply voltage

The voltage range according to IEC 60850 applies.

7 C

7.1
711
The p

of AC
losses

The a

7.1.2

The fg

bnverter equipment and assemblies

Losses and efficiency
General

pwer efficiency may be determined by calculation of internal losses or by measur
and DC power at basic load conditions. If the purchaser requires measurement
this shall be mentioned in the procurement specification.

imissible tolerance for losses is + 10 % of the guaranteed value.

Included losses

llowing losses shall be included when determining the power efficiency:

a) inj:ernal losses in the assembly such asilosses in semiconductor valve devices, in

p
su

b) los
linn
c) po9
d) los
e) po
7.2

As thsg

ential dividers, current balancing means, capacitor resistor damping circuits and v
Fge arresters;

ses in transductors, interphase-transformers (if supplied as part of the converter), g
iting and balancing reactors between transformer and thyristor or diode assemblig

wer absorbed by auxiliaries-such as fans or pumps and relays unless otherwise spe
ses due to circulating currents;

wer consumed in-trigger equipment, if any.
Power factor

line current to a line commutated converter contains harmonics, it is important tg

the kind of power factor meant when a specification for a guaranteed supply power fa

written.

ement
of the

fuses,
pltage

urrent
S;
cified;

state
Ctor is

Reference is made to the power factor of the fundamental wave or displacement factor cos ¢4
unless otherwise specified.

For pulse numbers higher than six the difference between the total power factor A and the
displacement factor cos ¢4 is small, but for lower pulse number the difference is significant.

Unless otherwise stated in the contract, for multi-phase converters supplying inductive load the
manufacturer guarantees shall be given on the displacement factor cos ¢4.

NOTE 1

In such cases calculation is adequate to get reliable figures of the displacement factor under the condition
of symmetrical control.

When exact calculations of the displacement factor or of the total power factor are required, knowledge of many
parameters is necessary, including the line impedance. For such calculations refer to IEC TR 60146-1-2.
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NOTE 2 For the power factor of diode rectifiers see Annex C of IEC 62589:2010.

7.3

Electromagnetic compatibility (EMC)

Traction supply converters shall cope with the requirements for immunity and emission stated

in the

IEC 62236 series.

Additional requirements, if any, shall be mentioned by the purchaser in the procurement
specification.

Cable routing of AC and DC power cables, auxiliary and control cables, filtering etc., where such

are ins

talled by the purchaser or third parties shall be in_ accordance with any instructions pr

ovided

by the

Immunity and emission tests of the converter group can be done only together wi

transf
Contrq

7.4
7.41

Rated
conve
desigr
which

7.4.2
7.4.2.

Each

with s
duty g
class¢

NOTE
DCto [

supplier of the converter and with the requirements of IEC 62236-5.

brmer(s) as test of the whole substation. These tests are not subject of this<docum
| and protection devices shall be tested separately according to thein product stan

Rated values for converters
General

values of a converter shall be given either as standard.design values for standard
rters or as closely as possible according to the loadthat it is intended to serve for s
converters. The ratings of the converter are nabvalid if the load is changed to a Ig
the converter is not intended.

Current values
Current values to be specified

converter equipment shall have,an assigned value for the basic direct current to

s defined by the purchaser or load cycles according to 7.4.2.3 apply.

For converters which.are operated not continuously but repeatedly, a load cycle is applied not a dut
C converters are examples of these devices.

th the
ent.

dards.

lesign
pecial
ad for

jether

pecified current capabilities aceording to a duty class or a load cycle. The standafdized
lasses according to Tahle(3 should be preferably used. For other types of duty, duty

y class.
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Table 3 — Standardized duty classes

Duty Current capabilities for Typical applications Note
class converters (relative values in
per unit of I5,)
1,0 p.u. continuously Frequency converters for mainline
railways
\Y a) 1,0 p.u. continuously Mass rapid transit Alternatively after thermal
equilibrium of a)
b) 1,5 p.u. 2 h — after a) Trolleybusses
c) 2,0 p.u. 1 min — after a)
\ e—0-p-t—eontirtoushy Meairtre—ratways Alterratirelyafterthermat
. . equilibrium of a)
b) 1,5 p.u. 2 h — after a) Mass rapid transit
c) 3,0 p.u. 1 min — after a) Light rail systems
VIl a) 1,0 p.u. continuously Minor railways Alternatively after thermal
. . equilibrium ef\a)
b) 1,5 p.u. 2 h — after a) Light rail systems
c) 4,5p.u. 15 s — after a) Tramways
VIl a) 1,0 p.u. continuously Mass rapid transit Cumulative
b) 1,5 p.u. 2 h — after a)
c) 2,0 p.u. 1 min — after b)
IX a) 1,0 p.u. continuously Mainline railways Cumulative
b) 1,5 p.u. 2 h — after a)
c) 3,0 p.u. 5 min — after b)
JP a) 1,0 p.u. continuously Mainline railways Cumulative
b) 1,2 p.u. 2 h — after a)
c) 3,0 p.u. 1 min — after b)

NOTE | For further information see figures in IEC\62695:2014, Annex A.

The plirchaser of a converter shall specify the basic direct current and the duty class.

If for p given application\no suitable standardized duty class can be found in Table[3, the
purchaser shall specify ajload cycle or duty class.

Indepg¢ndently of-the'duty class or load cycle, the converter and its constituent assembliep shall
be able to carpy<the short circuit current according to 7.4.2.4.

Unlike many other electrical components, semiconductor devices can be irreparably damaged,
even Within a very short time of operation in excess of their rated values. Selecting thqg rated
direct current and the duty class or load cycle of a converter this should be taken into account.

The supplier shall show the short time current and overload current capability of the converter
in a graph in logarithmic scale for overcurrent durations between 0,01 s and 10 000 s. Base
current shall be /gq.

7.4.2.2 Duty classes

Duty classes specify current capabilities and test conditions for converters in terms of current
values and durations. Table 3 contains standardized duty classes and gives guidance for the
selection for different types of railways and their typical ratio between the basic current and the
short time currents.

The basic current of a converter is valid only for the defined duty class. If a converter is designed
to operate at different duty classes, a separate basic current shall be given for each duty class.
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NOTE The duty class can be chosen either from the recommendations given in Table 3 or from the results of a
digital simulation and network calculation, giving the expected RMS current and the time dependent overload
characteristics for the intended use of the converter.

A duty class defined by the purchaser shall be called class X.

7.4.2.3 Load cycles

Load cycles specify the repetitive current demand to a converter for a given application.

The purchaser shall specify the current values and respective durations of the required load
cycle.

Unles$ otherwise specified the quadratic mean of the load current over the duration  T|of the
load cycle is assumed to be the basic direct current of the converter for the specifie’toad|cycle.

_ A2
loy = /?1/(1 dt

The stipplier shall calculate the capability of a converter to carry-the specified currents|of the
load clcle. Annex B gives guidance for this calculation.

If the purchaser demands a specific type test for a load-cyele this shall be mentioned|in the
procujement specification.

7.4.2.4 Short-time withstand capability

The slipplier shall state the short-time withstand-current capability of the converter.

If not|otherwise agreed between purchaser and supplier the short-time withstand dqurrent
capabijlity shall be stated for a short circuit:

— after continuous operation at basic current /g, , and

— forla short circuit duration(of'0,15 s, and
— with a factor of 1,6 betweéen sustained current and peak value.

NOTE |Refer to Annex B/ f HEC 62589:2010 for calculation of the short circuit current for a given application.

Contrglled convesters with a current limiting characteristic need not have a short-time withstand
currert capabitity. They shall be equipped with protection devices able to detect short-dircuits
in the [switchgedr or the contact line system which possibly cannot be detected by standgrd AC
or DC|ovetcurrent feeder protection devices in the case of current limitation.

7.4.3 Capability for unsymmetrical load of a 12-pulse converter in parallel connection

For a 12-pulse converter in parallel connection (connection No. 9) an unsymmetrical load
sharing between the two three-phase bridges of up to £ 5 % of Iz4 shall be considered as normal

condition.

The following items can cause unsymmetrical load sharing between the two three-phase bridges
and should be taken into account when determining the converter rating:

— harmonic distortion of the AC supply voltage exceeding the values according to IEC 61000-
2-12;

— different impedance voltages of the transformer secondary windings;

— no-load voltage imbalances in the transformer;

— different lengths of the cables between transformer and converter;
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— unequal number of converters with different transformer connections in a substation.
7.4.4 Semiconductor device failure conditions

The purchaser shall specify if semiconductor device fuses are required.

The purchaser shall specify the required immunity level in case of a failure of one or more series
or parallel connected semiconductor devices per arm.

When a disturbance from any origin does not exceed the immunity level specified the
corresponding performance shall be maintained. Table 4 defines the immunity levels.

Table 4 — Semiconductor device failure conditions

Immjunity level Consequence
Redunfdancy R [ No immediate consequence, full performance maintained | Warning signal
Functipnal F | Reduced performance (reduced current capability) Warning-sighal or tripping|signal
Trippirlg T | Interruption of service due to protection devices Tripping signal
Damage D | Interruption of service due to damage Tripping signal

7.5 Mechanical characteristics
7.5.1 General

Convdrters may be either enclosed or not enclosed. Frames and enclosures, if any, shall be
metalljc.

Convdrters and relevant enclosures shall be designed so that normal service, inspectign and
maintgnance operations, replacement of'diodes, fuses, and valve device assemblies, egrthing
of cabjes or busbars and voltage tests ¢an be carried out easily and safely.

All mdterials used shall be of thé quality and of the class most suitable for working under the
conditjons specified. Special attention is to be paid to its ability to withstand moisture and fire.
Unless$ fire behaviour Class.FO is allowed, materials used shall be metallic or of th¢ self-
extingpishing type.

The sgelection of materials shall be such that corrosion due to atmospheric and elecirolytic
effectg are minimized.

Rules|congerning noxious or toxic materials shall be observed.

7.5.2 Ealth;ua

To ensure safety during maintenance works, all parts of the main circuit to which access is
required or provided shall be capable of being earthed through suitable means. This does not
apply to those parts, which are withdrawable or removable and which become accessible after
being separated from the enclosure.

A withdrawable part, however, shall not be removable from the enclosure unless capacitors on
it have been discharged to safe values.

For DC traction power supply systems the purchaser shall specify in the enquiry how to earth
the converter enclosure or frame according to 6.5.8 of IEC 61992-7-1:2006.

NOTE In DC traction supply systems, "earthing" means either connection to earth or connection to the return circuit,
depending on the earthing requirements of the DC system.
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The metallic parts of the enclosures or frames shall be connected to a suitable earthing terminal,
placed in an accessible position, in order to allow the connection to the main earth system of

the su

7.5.3

bstation. The earthing terminal shall be suitably protected against corrosion.

Degree of protection

The purchaser shall specify the degree of protection according to IEC 60529.

Inspection windows and ventilating openings shall provide at least the degree of protection
specified for the enclosure.

NOTE 1 ; ptection
is assuined to be valid for doors and walls of the enclosure
Due to the specific requirements of converters for cooling and for connection of AC and DC cables ordusbafs IP 00
is considered as normal degree of protection for the bottom and the top of the enclosure.
NOTE 34 For indoor converters normally no degree of protection is provided against ingressfofiwater.
7.6 |Insulation coordination
For ingulation coordination of electric traction system IEC 62497-1 is)dpplicable.
For cifcuits directly connected to the railway overvoltage category OV3 and pollution degree
PD 3A is used. All values define the insulation between the ymain circuit and the environment
includ|ng other circuits and frame of the equipment.
Table 5 — Insulation levels for AC/DC and DC converters
Nonjinal voltage Rated insulation Power. frequency Impulse voltage Clearange
voltage withstand voltage 1,2 us/50 ps
U, Unm U, Uni clearange
kV kv kV kV mm
0,6 0,9 2,8 6 5,5
0,75 1,2 3,6 8 8
0,75 1,8 4,6 10 11
1,5 2,3 5,5 12 14
1,5 3,0 6,9 15 18
oV 3 11,5 oV 3 25 oV 3 33
3,0 3,6
oV 4 14,0 oV 4 30 oV 4 40
oV 3 14,0 oV 3 30 oV 3 40
3,0 4,8
oV 4 18,5 oV 4 40 oV 4 60
oV 3 18,5 oV 3 40 oV 3 60
3,0 6,5
oV 4 23,0 oV 4 50 oV 4 75
7.7 Specifics of line commutated rectifiers
7.71 Electrical connections

Standard design converters for traction power supply usually are converters each individually
connected to a transformer for single phase (p = 2) or three-phase (p = 6 or 12) AC supply.

Twelve-pulse converters and dual six-pulse converters require two secondary windings in the
transformer with 30 electrical degree shifted connections, normally star and delta connected or
two separate transformers with different vector groups.
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NOTE Higher pulse numbers can be achieved by using transformers with appropriate phase shifting and connecting
several six-pulse or twelve-pulse converters in series or parallel. For traction power supply pulse numbers up to 24
p are used.

For converters subject to special agreement between the purchaser, the supplier and possibly
the electricity supply companies because of their rating or special requirements or mode of
operation, refer to IEC TR 60146-1-2, which also gives other converter connections for
particular applications.

Table 6 gives conventional values of some calculation factors for the most used connections of
converters. For other connections IEC TR 60146-1-2 assists.

The cpnnection numbers are the same as used in the TEC 60146 series.
Table 6 — Connections and calculation factors for line commutated convérters
Conf Transformer Valve connection p q Current U, U, dus
nectipn connection factor on U U ei
No valve side the AC. side vo di xB
L1,
1 N 0,9 1,57 D, 707
7 Lo BB
) I _
+ 2
IEC IEC d \/E
s 0,816 1,35 1.05
1 or 1 1l2l3
8 A 3 6 |3 2 3y2 ” 0.5
T T 3 o (3)
IEC + T
IEC
0,408 1,35 1.05
1 2 ’
9 A 12| 3 ( 1 J [3@] (ﬂj 0,26
5 3 4 = — =
IEC Ve T 3
1 , 0,816 2,7 0,524
12 AR ¢ 12| 3 2 6v2 x 0,26
53 ¥ 3 T (EJ
IEC
0,816 1,35
M1 21 ou 1 21 1.05
18 A A 13l nd 6 | 3 ( [21 (3.2 0,5
SEa v A TTELtiT G TS
IEG 3 T
IEC
0,816 1,35
1 or 1 1,05
19 A 3 6 | 3 2 32 [ - j 0,5
3 2 2 — — =
3 T 3
IEC
NOTE Connection No. 9 can be used with or without interphase transformer. Details are described in IEC 62695.
The factor d,,g/e g can vary between 0,26 and 0,5 depending on the coupling factor defined in IEC 62695.
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7.7.2 Calculation factors
7.7.21 Current factor on the AC side

The quotient of the RMS value I, of the current on the AC side and the direct current I is

indicated in Table 6 on the assumption of smooth direct current and rectangular waveshape of
the alternating currents.

7.7.2.2 Voltage drop

Table 6 gives the ratio:

dxtB
exB

betwepn the direct inductive voltage drop d,g at basic current due to‘the transformer
commutating reactance, referred to Uy and the inductive component efg) of the transformer

impedpance voltage at basic service current on the supply side of thetconverter group for the
whole|equipment expressed in per cent of rated alternating voltage«

The direct inductive voltage drop d,;g can be calculated using thé’value of e,g of a three{phase
transformer only for connections with a commutating numberyg = 3.

For al| other connections with p = 12 or higher, the ratio’ between d,,;gz and e,g depend pn the

repart|tion of the reactances in the transformer between primary and secondary. The external
charagteristic can be represented graphically.

NOTE |The voltage drop of diode rectifier groups depends mainly on the characteristics of the converter trangformer.
Therefgre this document does not contain informationiregarding to voltage drop. For requirements concerning|voltage
drop see IEC 62589.

If the [purchaser requires provisions.;against the voltage rise at currents below the trapsition
current, he shall mention this in the-tender specification.

7.7.3 Direct voltage harmonic content

For parfectly balanced(supply voltages, trigger delay angles, etc., the frequency of the|direct
current and direct voltage harmonic content is given by:

Shae =KX Px fy k = integer (1...n)

An unpalanced supply voltage causes a negative sequence voltage. The negative sequence
voltage—preduces—an—additonalharmonic—component—ata—frequeney —whiteh—earhot be
cancelled by an appropriate design of the converter unless a large smoothing reactance or DC
output filter is added.

Refer to IEC TR 60146-1-2 for more information.

8 Tests

8.1 General
8.1.1 Overview

For the terminology for testing procedures refer to IEC 60050-811.
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8.1.2 Performance of tests

Whenever practicable the tests shall be performed in electrical conditions equivalent to those
in real service. Where it is not practicable, the assemblies and equipment respectively shall be
tested under such conditions as to allow the specified performance to be proved.

Components of the converter are assumed to be tested separately.

Unless otherwise agreed at the time of the contract, the AC supply and test voltages shall be
at rated frequency.

When[The purchaser or his representative desites 1o wilness factory itests, this snhojld be
specifled in the procurement specification.

8.1.3 Test schedule

The tgsts, unless otherwise agreed, shall comprise all the following items.'marked "X",|which
are applicable to the assemblies or converter units prefabricated in a factory (see Table|7).

For cdnverters assembled on site only commissioning tests apply.
The tgsts marked "(x)" shall only be performed if specificallyagréed in the contract.

Table 7 — Summary oftests

Test Type test Routine Optional test Specifiition
test subclause

Insulatjion test X X 8.2.
Light Ipad functional test X X 8.2.p
Load test X (x) 8.2.8
Power|loss determination X a (x)2 8.2.4
Tempdrature rise test X 8.2.
Check{ng of auxiliary devices X X 8.2.6
Check{ng the properties of the control X X 8.2,y
equipnpent
Check|ng the protective deyices X X 8.2.8
Short-{ime withstand curfent test (x) 8.2.9
EMC tgsts X 8.2.10
Additignal tests (x) 8.2.11
a8  Only if powerloss determination by measurement is required, see 7.1.1.

8.2 [Test specifications

8.2.1 Insulation tests

8.2.1.1 General

Insulation tests shall be carried out to verify the correct state of insulation of a completely
assembled unit. In general, they shall be carried out as an AC power frequency voltage test.

During insulation tests the main terminals of the converter, as well as the anode, cathode and
gate terminals of all power semiconductor devices, shall be connected together. This does not
apply, however, to auxiliaries for which, in case of an insulation fault, voltage can pass on to
accessible parts not connected to the enclosure or from the side of higher voltage to the side
of lower voltage. These are, for example auxiliary transformers, measuring equipment, pulse
transformers and instrument transformers.
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