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HIGH-VOLTAGE SWITCHGEAR AND CONTROLGEAR -

Part 315: Direct current (DC) transfer switches

oor
or olitdoor installation and for operation on HVDC transmission systems having direct voltages
of 100 kV and above.

DC {ransfer switches normally include metallic return transfer switches (MRTS),-earth raturn
trangfer switches (ERTS), neutral bus switches (NBS) and neutral bus earthing switches (NBES).

2 Normative references

The following documents are referred to in the text in such a way that some or all of their conptent
condtitutes requirements of this document. For dated references, only the edition cited applies.
For Jundated references, the latest edition of the refereficed document (including [any
amepdments) applies.

IEC p0060-1:2010, High-voltage test techniques APart 1: General definitions and |test
requirements

IEC p0068-2-1:2007, Environmental testing.=‘Part 2-1: Tests — Test A: Cold
IEC 60068-2-2:2007, Environmental testing — Part 2-2: Tests — Test B: Dry heat

IEC p0068-2-30:2005, Environmental testing — Part 2-30: Tests — Test Db: Damp heat, cyclic
(12 h + 12 h cycle)

IEC 60071-11:2022, Insulation co-ordination — Part 11: Definitions, principles and rule$ for
HVOC system

IEC p0076-6, Pawer transformers— Part 6: Reactors

IEC p0099-9;~Surge arresters — Part 9: Metal-oxide surge arresters without gaps for HVYDC
converter stations

IEC 60255-21-1:1988, Electrical relays — Part 21: Vibration, shock, bump and seismic tests on
measuring relays and protection equipment — Section One: Vibration tests (sinusoidal)

IEC 60270:2000, High-voltage test techniques — Partial discharge measurements
IEC 60633, High-voltage direct current (HVDC) transmission — Vocabulary

IEC 60871-1, Shunt capacitors for a.c. power systems having a rated voltage above 1 000 V —
Part 1: General

IEC 61000-4-18:2019, Electromagnetic compatibility (EMC) - Part 4-18: Testing and
measurement techniques — Damped oscillatory wave immunity test
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IEC TS 62271-5:2024, High-voltage switchgear and controlgear — Part 5: Common
specifications for direct current switchgear and controlgear

IEC 62271-100:2021, High-voltage switchgear and controlgear — Part 100: Alternating-current
circuit-breakers

IEC 62271-102:2018, High-voltage switchgear and controlgear — Part 102: Alternating-current
disconnectors and earthing switches

IEC 62271-207, High-voltage switchgear and controlgear — Part 207: Seismic qualification for
gas-fnsulated switchgear assemblies for rated voltages above 52 kV

IEC [TS 63014-1, High-voltage direct current (HVDC) power transmission ‘4~ Sygtem
requirements for DC-side equipment Part 1: Using line-commutated converters

3 [erms and definitions

For |the purposes of this document, the terms and definitions-_given in in IEC 60633,
IEC[TS 63014-1 and the following apply.

ISO|and IEC maintain terminology databases for use in\standardization at the following
addresses:

e |EC Electropedia: available at https://www.electropedia.org/
e |BO Online browsing platform: available at https://www.iso.org/obp

3.1 General terms and definitions

Sub¢lause 3.1 of IEC TS 62271-5:2024 isapplicable.

3.2 | Assemblies of switchgear and controlgear

Subg¢lause 3.2 of IEC TS 62271-5:2024 is applicable.

3.3 Parts of assemblies

Subg¢lause 3.3 of IEC.TS 62271-5:2024 is applicable.

3.4 | Switching.devices

Sub¢lause.3.4 of IEC TS 62271-5:2024 is applicable with the following additions:

3.4.101

active DC transfer switch
DC transfer switch with charging device in oscillating branch, installed in parallel to the
commutation switch

3.4.102

blank DC transfer switch

DC transfer switch with a sole commutation switch only, without any additional external
branches or components

Note 1 to entry: Some commutation switches use internal components to increase voltage drop across the switching
units during transfer operation.
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3.4.103

passive DC transfer switch
DC transfer switch without charging device in oscillating branch, installed in parallel to the
commutation switch

3.4.104
earth return transfer switch

ERT

S

DC transfer switch used to transfer direct current from a metallic return path to an earth return

path

Note
oscill

Note
manyj

[SO
“ERT
swit
beer

3.4.1

bting branch and energy dissipation branch.

P to entry: Although the term “earth return transfer breaker” (ERTB) has been widely used in the/indust
years, it is misleading since such switches have no ability to interrupt fault current.

JRCE: |IEC 60633:2019, 9.23, modified — The terms “earth return transfer breaker”
[B” have been removed, “DC commutation switch” has been replaced by “DC trarn
h”, DC current is replaced by direct current, Note 1 to entry and reference to Figure 7
deleted.]

05

MR
DC
path

Note
oscill

Note
manyj

[SO
“MR
swit
refer

3.4.1
neut
NBS
DC

desi
line
neut

metﬂillic return transfer switch

S
ransfer switch used to transfer direct current from an earth return path to a metallic rg

1 to entry: “DC transfer switch” is used instead of “DC\ecommutation switch” to refer to whole switch, incl
bting branch and energy dissipation branch.

P to entry: Although the term “metal return transfer breaker” (MRTB) has been widely used in the indust
years, it is misleading since such switches have no ability to interrupt fault current.

JRCE: IEC 60633:2019, 9.22, modified — The terms “metallic return transfer breaker”
TB” have been removed, “DE€\¢commutation switch” has been replaced by “DC trar
h”, DC current is replaced\by direct current, Note 1 to entry is moved to Note 2,
ence to Figure 7 has been.deleted.]

06
ral bus switch

gned to commutate current out of the pole conductor or neutral bus and into the elect
br dedicated metallic return conductor or earth e.g. in response to a fault in a convert
ral bus

1 to entry: “DC transfer switch” is used instead of “DC commutation switch” to refer to whole switch, ificluding

ry for

and
sfer
have

turn

uding

ry for

and
sfer
and

fransfer switCh® connected in series with the neutral bus on a bipolar HVDC schéme,

rode
br or

Note

n £ SONA g £ kol o £ AP ] = Vel fodi ihala? & £ £ e HDN !
(O Sty Do transrer—Switen S aSetmSteat o1 T Commutaton—SwWitCi— toTreretT O WinoTe—SWitCr, et

oscillating branch and energy dissipation branch.

ding

[SOURCE: IEC 60633:2019, 9.26, modified, “DC commutation switch” has been replaced by

‘DC

transfer switch” and Note 1 has been replaced by a new Note 1.]
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3.4.107

neutral bus earthing switch

NBES

DC transfer switch connected from the neutral bus to the station earth mat on a bipolar HVDC
scheme, designed to provide a temporary earth connection, e.g. in the event of an open circuit
fault on the electrode line until the imbalance of current between the two poles can be reduced
to a safe minimum level or the electrode line connection can be restored

Note 1 to entry: Although the term “Neutral Bus Grounding Switch” (NBGS) has been widely used in the industry
for many years.

Note 2-to-entrv: In some applications—NBES and high-spesd-earthing-switch (HSES) are used-in-series
4 P T ) g ) A 7

[SOURCE: IEC 60633:2019, 9.27, modified — The terms “neutral bus grounding switch”{and
“NBEGS” have been removed, “DC commutation switch” has been replaced by “DC-transfer
swit¢h”, Note 1 and Note 2 have been replaced by new notes.]

3.5 | Parts of switchgear and controlgear

Subglause 3.5 of IEC TS 62271-5:2024 is applicable with the following.‘additions:

3.5.101
commutation switch
mechanical switching device used in the main current path of\DC transfer switches

Note [1 to entry: A single pole of an AC circuit-breaker or its modification was often used as commutation swifch in
DC trpnsfer switch.

Note P to entry: Some commutation switches use internal components to increase voltage drop across the switching
units |[during transfer operation.

3.5.102
oscilllating branch
circyit in parallel with the commutation §witch in DC transfer switches, consisting of

— dapacitors and reactors, in casé_of passive DC transfer switches;

apacitors including a charging device and a making switch, in case of active DC transfer
witches.

|
a

7))

Note [1 to entry: The oscillating\branch forces a current oscillation between itself and the commutation switch branch
in order to produce currentzeros in the last one.

Note P to entry: Depending on the stray inductance of the arrangement reactors are not necessarily needed [to be
instaljed.

Note B to entry; Passive DC transfer switches having a making device in series with the oscillating branch arg also
knowp.

3.5.103
currentzero device
oscillating circuit in case of passive DC transfer switch or current impulse generator in case of
active DC transfer switch

3.5.104

energy dissipation branch

impedance circuit in parallel with the commutation switch of DC transfer switches which
dissipates the energy stored in the energy storage components (e.g. reactors, stray inductance,
stray capacitance, etc.) in DC system after successful commutation of current from commutation
switch branch to oscillating branch

Note 1 to entry: In real transfer switch, metal oxide surge arrester commonly is used as energy dissipation device.
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3.5.105
charging device
device used in active DC transfer switches to charge capacitors in current zero device

3.5.106

mak

ing switch

mechanical switch in series with oscillating branch or current injection branch, designed for fast

closi

Note

ng

1 to entry: A making switch is used to close the oscillation branch to excite oscillation during current transfer
operation.

3.5.1
plat
sup(

Note

- g
3.6
Sub

3.7
Sub

3.7.1

initiation of (opening or closing) operation

insta

07
orm
ort for the oscillating branch and the energy dissipation branch

1 to entry: Two versions are known:
sulated platform with certain insulation level to earth;

arthed platform.
Operational characteristics of DC transfer switches

tlause 3.6 of IEC TS 62271-5:2024 is applicable.

Characteristic quantities

tlause 3.7 of IEC TS 62271-5:2024 is applicablé)with the following additions:

01

nt of receipt of command for operationat the control circuit

n of

nave

[SOURCE: IEC 62271-100:2021, 3.7:453]

3.7.102

opex}ing time

<of mechanical switching device> interval of time between the specified instant of initiatig
the ¢pening operation and the instant when the arcing contacts have separated
[SOURCE: IEC 60050-441:1984, 441-17-36, modified — “in all poles” and the Note to entry
been deleted.]

3.7.103

arcing-/time

intenvalvof time between the instant of the initiation of the arc and the instant of fina

arc

extinction

[SOURCE: IEC 60050-441:1984, 441-17-37, modified — The words “(of a pole or a fuse)” has
been removed from the term and from the definition itself.]

3.7.104

com

mutation time

interval of time between the beginning of the opening time of the commutation switch and the

end

of the arcing time
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3.7.105

closing time

interval of time between the initiation of the closing operation and the instant when the contacts
touch

[SOURCE: IEC 60050-441:1984, 441-17-41, modified — The words “in all poles” have been
removed at the end of the definition.]

3.7.106

open-close time
intervalof time between the instant when the nrning contacts have annrnfnd and the instant

whep the contacts touch during a reclosing cycle

3.7.107

arcing withstand capability
max|mum duration of commutation switches capable of withstanding an arcOwith spedified
current in case of an unsuccessful commutation

Note [1 to entry: This time shall include the open-close time of commutation switch and-the time delay of contrgl and
proteftion system.

3.7.108
contiinuous current
direg¢t current flowing through DC transfer switches with thécDC transmission system operating

3.7.109
trangfer current
direg¢t current which the DC transfer switch is able o transfer in an adjacent return path

3.7.110

commutation voltage
transgient voltage across the terminals.@fa DC transfer switch during the current commutation
process, describing the time development of the voltage

Note [1 to entry: The commutation veltage depends mainly on the characteristics of the DC transfer switch gnd is
chardcterised by two effects. Until-arc-extinguishing in the commutation switch the commutation voltage is eqpal to
its arfing voltage, after arc extinguishing the commutation voltage is equal to the charging voltage of curren{ zero
device and will be limited in peak-by the energy dissipation device.

Note P to entry: The value of commutation voltage at the end of commutation process depends on the HVDC
transission system and is equal to the voltage drop across the current path to which the current was transferfed.

3.8 Index of definitions

A
active_ DC transfer switch 340101
A C NG LM e 3.7.103
arcing withstand capability ... 3.7.107
B

blank DC transfer SWItCN .....ov i e 3.4.102
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C

Charging dEVICE ...ouei e 3.5.105

ClOSING M e e 3.7.105

commutation SWItCH ... 3.5.101

COMMUEALION TIME .o e 3.7.104

COMMUEAtION VO AGE ... it e e e e aenes 3.7.110

CONTINUOUS CUITENT L. ettt e e e e ea e 3.7.108

CUITENT ZEIO GBVICE ..ottt e e ens 3.5.103
E

eartl|1 return transfer switch (ERTS) ... 3-4(104

enengy dissipation DranCh ... 8.5/104
|

initigtion of (opening or closing) operation.............cociiiiiiiiiii e R A T 3.7.101
M

MaK|NG SWItCH ..o T 3.5.106

metallic return transfer switch (MRTS) ..o e 3.4/105
N

neufral bus earthing switch (NBES) ... e, 3.4/107

neutfal bus switch (NBS) .....ooiiiiiiiii e e 3.4/106
(0]

open-close tiMe ... 3.7/106

OPEMING LM oo e 3.7.102

oscillating branch ... e 3.5/102
P

pasgive DC transfer switCh....,. 0 3.4/103

91 =11 o] o 1.4 P 3.5[107
T

L= YT 3 1 o U1 1= | e 3.7,109

4 Normal and special service conditions

Clauyse 4-0of IEC TS 62271-5:2024 is applicable.
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5 Ratings

5.1

General

Subclause 5.1 of IEC TS 62271-5:2024 is applicable with the following additions:

j) rated direct voltage of transfer switch (U,s);

k) rated transfer current (1;);

) rated commutation voltage (U,);

m) ]
n) r
0) T

5.2

Sub
volt3

5.3

Sub
The

With
serv
to 1
cons
pres
serv

NOTH
to 40

The
shal

ated dissipated energy during transfer operation (£,4);

ated operating sequence;
pted open-close time.

Rated direct voltage (U,q)

tlause 5.2 of IEC TS 62271-5:2024 is not applicable and is replaced by 5.101: Rated d
ge of transfer switch (Us).

Rated insulation level (Uyq, Uy, Us)

tlause 5.3 of IEC TS 62271-5:2024 is not applicable.
insulation levels for transfer switches shall be selected from the values given in Tablg

stand values given in Table 1 cover the @pplication of transfer switches under no

000 m. However, for testing purposes‘to verify a rating or capability, they sha
idered as insulation values at the standardized reference atmosphere temperature (20
sure (101,3 kPa) and humidity (44’ g/m3) specified in IEC 60071-11:2022. For sp
ce conditions, refer to IEC TR 82271-306 [1]".

According to IEC 60071-11:2022 the insulation levels in Table 1 cover the temperature range of -40
°C.

rated withstand valtage values for direct voltage (Uyy) and lightning impulse voltage
be selected wijthout crossing the horizontal marked lines in Table 1.

irect

rmal

ce conditions defined in 4.1 of IEC TS 62271-5:2024 including altitudes from sea leve¢l up

| be
oc),
bcial

C up

S

TN

umbers in square brackets refer to the Bibliography.
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Table 1 — Rated insulation levels for transfer switches

Rated Rated direct withstand Rated lightning impulse
direct voltage withstand voltage
voltage of Uyg U,
transfer
switch kV kV
U,
rts Terminal-to-earth and Terminal-to-earth and
KV across open transfer switch | across open transfer switch
(1) (2) (3)
5 7,5 60
10 15 95
25 37,5 200
50 75 325
75 112,5 450
100 150 550
150 225 650
200 300 750

5.4 | Rated continuous current (I,4)

Sub¢lause 5.4 of IEC TS 62271-5:2024 is applicable.

5.5 | Rated values of short-time withstand cutrent
5.5.1 Typical waveform of short-circuit-current

Sub¢lause 5.5.1 of IEC TS 62271-5:2024%is applicable.

5.5.2

Sub¢lause 5.5.2 of IEC TS 62271-5:2024 is applicable.

5.5.3

Sub¢lause 5.5.3 of IEC TS 62271-5:2024 is applicable.

5.5.4

Sub¢lause)5.5.4 of IEC TS 62271-5:2024 is applicable.

Rated peak withstand current (/,4)

Rated duration of short circuit (74)

Rated short-time withstand direct current (1,4)

5.6 Rated supply voltage of auxiliary and control circuits (U,)

5.6.1 General

Subclause 5.6.1 of IEC TS 62271-5:2024 is applicable.

5.6.2

Subclause 5.6.2 of IEC TS 62271-5:2024 is applicable.

Rated supply voltage (U,)

5.7 Rated supply frequency of auxiliary and control circuits

Subclause 5.7 of IEC TS 62271-5:2024 is applicable.
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5.8 Rated pressure of compressed gas supply for controlled pressure systems
Subclause 5.8 of IEC TS 62271-5:2024 is applicable.

5.101 Rated direct voltage of transfer switch (U,)

The rated direct voltage of transfer switch (U) is the highest direct voltage terminal-to-earth

that includes harmonics for which the transfer switch is designed in respect of its insulation as
well as other characteristics, to operate as specified for indefinite period of time (lifetime).

NOT The-term—ratedmaximum-voltagel usedin-mosttEEE switchgearstandatds-has-the-same-meaningas the
) )

term [rated direct voltage" as used in this document.

The [rated direct voltages of transfer switch are 5 kV — 10 kV — 25 kV — 50 kV — 75 kV"= 10D kV
— 150 kV — 200 kV.

5.102 Rated transfer current (I;)

The |values of rated transfer current should be selected from the R10"series, specifigd in
IEC 0059 [2].

NOTHE 1 The R10 series comprises the numbers 1 — 1,25-1,6 -2 -2,5-315)— 4 — 5 - 6,3 — 8 and their products
by 10/

NOTHE 2 For certain projects or special applications other values than from R10 series could be chos¢n by
agregment between manufacturer and user.

5.108 Rated commutation voltage (U,)

The rated commutation voltage is the highest yoltage which the transfer switch shall be capable
of w|thstanding after commutating the curreqtiinto the oscillating branch or after extinguishing
the arc inside of the commutation switch.

NOTH 1 The rated commutation voltage of a“transfer switch will be defined by its energy dissipation branch.

NOTH 2 Specific ratings can generally/not be assigned because they are specific parameters to each project. The
comnjutation voltage for each transfefiswitch in a specific project will be defined by system studies.

As an estimation the rated commutation voltage could be calculated from the rated voltage of
trangfer switch (U,is) multiplied with a factor of 1,2.

NOTH 3 The rated é¢ommutation voltage is the determining factor for successful current commutation. Lower or
higher factors than 1;2 between U_ and the U, at location of installation could arise for specific applicatiops. In

existing projectsithis factor is mostly between 0,6 and 2,5. Further information can be found in Clause 9.

5.104  (Rated dissipated energy during transfer operation (Ey)

The ‘rated u'ibbipatcd ceTgy u'willg transfer Upclatiun s—the iligilcbt amotntof eneTrgy—Vv hich
the energy dissipation device inside the DC transfer switch can manage in a single operating
sequence without sustained deterioration. The value will be stated by the manufacturer of DC
transfer switch according to the requirements at location of installation, usually based on system
studies.

NOTE 1 The rated dissipated energy during transfer operation of a DC transfer switch normally regards to the
energy dissipation device or the current limitation branch.

NOTE 2 The rated dissipated energy during transfer operation should be higher than the maximum energy which
the transmission system could supply during current transfer operation at location of installation of DC transfer switch.

NOTE 3 Depending on the margin between the rated dissipated energy during transfer operation and the maximum
energy which the transmission system could supply during current transfer operation at location of installation of DC
transfer switch, specific cooling time between two transfer operations has to be considered. Further information
should be supplied by the manufacturer.
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5.105 Rated operating sequence

The

rated operating sequence of direct current transfer switches are as follows:

a) O-¢t-C: for ERTS, MRTS and NBES
by C-0,1s-0-¢t-C: for NBS

NOTE 1 sequence b) gives a typical operating sequence when NBS is used to connect converter neutral to an
already energized current return path in a bipolar or DC grid system.

NOTE 2 The final closing operation in each operation sequence is to protect the commutation switch itself in case
of unsuccessful transfer operation.

with
tisn

whe

5.106 Rated open-close time

6.1
Sub

6.2
Sub

6.3
Sub

6.4
Sub

pore than the rated open-close time and less than T,,, (see 6.102.7).

e
D represents an opening operation;
represents a closing operation.

value shall be provided by manufacturer.

All ratings except subclause 5.104 are applicable for commutation switches also.
Design and construction

Requirements for liquids in switchgear.and controlgear

tlause 6.1 of IEC TS 62271-5:2024 is applicable.

Requirements for gases in switchgear and controlgear

tlause 6.2 of IEC TS 62271-5:2024 is applicable.

Earthing of switchgear'and controlgear

tlause 6.3 of IEC T.S162271-5:2024 is applicable.

Auxiliary and-control equipment and circuits
tlause 6,4 0FIEC TS 62271-5:2024 is applicable with the following additions:

here shunt opening and closing releases are used, appropriate measures shall be taken
n order to avoid damage on the releases when permanent orders for closing or opening are

I
Ot

pplied For example thase measures can be the use of series control contacts arramged

so that when the transfer switch is closed, the close release control contact ("b" contact or
break contact) is open and the open release control contact ("a" contact or make contact)
is closed, and when the transfer switch is open, the open release control contact is open
and the close release control contact is closed;

where auxiliary switches are used as position indicators, they shall indicate the end position
of the transfer switch at rest, open or closed. The signal shall be sustained;

connections shall withstand the stresses imposed by the transfer switch, especially those
due to mechanical forces during operations;

where special items of control equipment are used, they shall operate within the limits
specified for supply voltages of auxiliary and control circuits, making and commutating
and/or insulating and operating media, and be able to switch the loads which are stated by
the transfer switch manufacturer;
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— special items of auxiliary equipment such as liquid indicators, pressure indicators, relief
valves, filling and draining equipment, heating and interlock contacts shall operate within
the limits specified for supply voltages of auxiliary and control circuits and/or within the limits
of use of making and commutating and/or insulating and operating media;

— where anti-pumping devices are part of the transfer switch control scheme, they shall act
on each control circuit, if more than one is installed.

6.5

Dependent power operation

Subclause 6.5 of IEC TS 62271-5:2024 is applicable with the following addition:

A transfer switch arranged for dependent power operating with external energy supply
be capable of closing immediately following the opening according to its rated operating

also
sequ

6.6
Sub

A tr
imm

6.7
Sub

6.8
Sub

6.9
Sub

6.10
Sub

6.11
Sub

The
rele

ence.

Stored energy operation

lause 6.6. of IEC TS 62271-5:2024 is applicable with the following addition:

ansfer switch arranged for stored energy operating shall alSo be capable of clg
ediately following the opening according to its rated operating'sequence.

Independent unlatched operation (independent manwal or power operation)

lause 6.7 of IEC TS 62271-5:2024 is applicable.

Manually operated actuators

lause 6.8 of IEC TS 62271-5:2024 is notapplicable.

Operation of releases

lause 6.9 of IEC TS 62271-5:2024 is applicable.

Pressurel/level indication

lause 6.10 of IEC TS°62271-5:2024 is applicable.

Nameplates

lause 6.1H0f I[EC TS 62271-5:2024 is applicable with the following additions:

shall

sing

their

nameplates for all assemblies of the DC transfer switch should be in accordance with
ant'standards. The nameplate of the DC transfer switch, commutation switch and m

swit

hvshall be provided at least as the following (see Table 2):

king
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Table 2 — Nameplate information

(**) Condition:
Item Symbol Unit - - Marking
Transfer | Commutation | Making only
switch switch switch | required if
(1) (2) (3) (4) (5) (6) (7) (8)
1 Name of manufacturer X X X
2 Type designation and X X X
serial number
Rated difect voltage of
3 transfer switch Uns kv X X X
4 Rated direct withstand Uy KV X X X
voltage
Rated lightning impulse U
S withstand voltage P kv X X &
6 Rated continuous current Iy A X X
Rated short-time
7 withstand direct current la KA X X
8 Rated peak withstand ; KA X %
current pd
9 Rateq duration of short- » s X X
circuit
10 Rated transfer current I A X
11 Rated commutation U, KV X X
voltage
14 Rat_ed dissipated energy E, MJ X
during transfer operation
1 Filling pressure for
19 insulation(*) Pe a2 X X X
Filling pressure for
14 operation(*) Pm MPa X X X
Rated supply voltage(s)
of auxiliary and control U
19 | Gircuits. Specify DC / AC a v X X X
(with rated frequency)
14 Rated operating X X X
sequence
174 Rated open-close’time ms X X
18 Closing time ms X X X
Typerafnid mass of fluid
19 (liquid-or gas) for M; kg X X X
insulation
Mass of switchgear and more than
2( controlgear (including any M kg Y Y Y
- 300 Kg
fluid)
21 Year of manufacture X X X
If different
29 Mlnlmum gnd maximum °c v Y v from -5 °C
ambient air temperature and/or
40 °C

™)

(**) X =the marking of these values is mandatory, where applicable.

Y = conditions for marking of these values are given in column (8).

Absolute pressure (abs.) or relative pressure (rel.) to be stated on the nameplate

NOTE 1

The symbol in column (3) can be used instead of the terms in column (2) to be stated on the nameplate.

NOTE 2 When terms in column (2) are used, the word “rated” can be omitted appear.
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6.12 Locking devices

Subclause 6.12 of IEC TS 62271-5:2024 is applicable.

6.13 Position indication

Subclause 6.13 of IEC TS 62271-5:2024 is applicable.

6.14 Degrees of protection by enclosures

Subclause 6.14 of IEC TS 62271-5:2024 is applicable.

6.15 Creepage distances for outdoor insulators

Sub¢lause 6.15 of IEC TS 62271-5:2024 is applicable.

6.16| Gas and vacuum tightness

Sub¢lause 6.16 of IEC TS 62271-5:2024 is applicable.

6.17| Tightness for liquid system

Sub¢lause 6.17 of IEC TS 62271-5:2024 is applicable.

6.18[ Fire hazard (flammability)
Sub¢lause 6.18 of IEC TS 62271-5:2024 is applicable.

6.19| Electromagnetic compatibility (EMC)
Subg¢lause 6.19 of IEC TS 62271-5:2024 s applicable.

6.20) X-ray emission

Subg¢lause 6.20 of IEC TS 6227°1:5:2024 is applicable.

6.21| Corrosion

Subg¢lause 6.21 of IEC T'S 62271-5:2024 is applicable.

6.22 Filling levels for insulation, switching and operation

Subg¢lause 6.22 of IEC TS 62271-5:2024 is applicable.

6.10(1°./Seismic requirement for operation

DC transfer switch shall be able to withstand the specified seismic stress and meet the
requirements in IEC 62271-207.

6.102 Commutation switch

Subclauses 6.1 to 6.101 of this specification are applicable with the following additions:

6.102.1 General requirement for operation

A commutation switch, including its operating devices, shall be capable of completing its rated
operating sequence 5.105 in accordance with the relevant provisions of 6.5 to 6.10 and 6.102.2
for the whole range of ambient temperatures within its minimum and maximum air temperature
as defined in Clause 4 of IEC TS 62271-5:2024.
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Commutation switches provided with heaters shall be designed to permit an opening operation
at the minimum ambient air temperature when the heaters are not operational for a minimum
time of 2 h.

6.102.2 Pressure limits of fluids for operation.

The manufacturer shall state the maximum and minimum pressures of the fluid for operation at
which the commutation switch is capable of performing according to its ratings and at which the
appropriate low- and high-pressure interlocking devices shall be set (see 6.10).

The manufacturer can specify pressure limits at which the commutation switch is capab
each of the following performances:

The |commutation switch shall be provided with energy storage of sufficient capacity
satidfactory performance of the appropriate operations at the corresponding minimum press
stated.

6.102.3 Vent outlets
Ven{ outlets of commutation switches shall be so situated that(a discharge of oil or gas or

will mot cause electrical breakdown and is directed away from any location where persons
be present. The necessary safety distance shall be stated'by the manufacturer.

The ponstruction shall be such that gas cannot collectat any point where ignition can be cau
durimg or after operation, by sparks arising from normal operation of the commutation switq
its apxiliary equipment.

6.10R.4 Time quantities
Sub¢lause 6.105 of IEC 62271-100:2021 is applicable with the following modifications:

Values may be assigned to the(following time quantities:

Time quantities‘are based on

e of

Q)

“C” operation;

Q)

n “OC” operating cycle;

gpening time;
dlosing time;

gpen-close time.

rated.-supply voltages of closing and opening devices and of auxiliary and control cir
(ree. 56);

for
ures

both
can

sed,
h or

Cuits

filling pressure for controlled pressure systems (see 5.8);
filling levels for insulation and/or operation (see 6.22);
an ambient air temperature of 20°C+5°C.

6.102.5 Static mechanical loads

6.102.5.1 General

7);

Commutation switches shall be designed to withstand static forces such as those from
connected conductors, wind, etc. and dynamic forces (for example caused by short-current and
operation of the commutation switch).

These forces can occur simultaneously.
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6.102.5.2 Static mechanical loads

This capability is demonstrated by calculation.

When calculating the stresses resulting from ice and wind, the ice coating and wind pressure
shall be in accordance with 4.1.3 of IEC TS 62271-5:2024.

Commutation switches may be equipped with suitable terminal. The capability of its mechanical
load should be not less than:

— horizontal longitudinal: 2 000 N;

— Horizontal transversal: 1 500 N;
— ertical: 1 500 N.

6.102.5.3 Dynamic loads

This|capability is demonstrated by calculation.

NOTH A calculation method of the effects of short-circuit current on rigid and flexible conductors is given in
IEC 60865-1:2011

6.102.6 Classification

The [classification of DC transfer switch normally regards to<the commutation switch.

The [commutation switch (and the making switch, if applicable) can be classified according to
the performance of mechanical endurance as Table\3.

Table 3 — Classification of commutation switches and making switches

Class Numbek of operating cycles Mechanical
endurance
MO 1000 Normal
M1 2000 Extended

6.10R.7 Arcing withstand capability

In tHe case of RC-transfer switches with oscillation branches, the commutation switch ghall
withstand arcef-transfer current for time (7,,,) without causing obvious damage (for example,

explpsion gfiporcelain insulator).

Hergq:

T,

awZTb+T2+Tc

T, is contact separating time, which is the time interval from the instant that arc contact
separates to the instant that moving contact reaches its final open position;

T, is the time delay of control and protection system during which it determines commutation

succeed or not, if not, send a signal to commutation switch to close. It depends on the
judgment strategy. In the case of a CT is installed inside of the DC transfer switch, direct in
series with the commutation switch, 20 ms is preferred. In the case of the commutation
switch branch without a CT, 7, can be up to 40 ms and shall be discussed between

manufacture and user;
T

¢ is closing time.
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NOTE After a reclosing operation with arcing (in case of failed commutation operation), the current commutation
capability can be impaired due to the internal pollution. In such cases, early maintenance becomes necessary. This
issue can be agreed between manufacture and user.

6.103 Insulated platform

The insulated platform shall be able to support all the devices installed on it and without
mechanical damage under specified conditions.

The insulated platform also should fulfil the dielectric requirement.

6.104 Commutation capacitor

The [capacitor used in oscillating branch shall meet the requirements of IEC 60871-1, apd it
shall withstand the rated commutation voltage (U,).

6.105 Energy dissipation device

The| energy dissipation device used in the energy absorption branch shall meet| the
requirements of IEC 60099-9. Some measures shall be takendo ensure that the current sharing
between parallel columns of energy dissipation device within'manufacture’s specification.

6.106 Reactor

The [reactor used in the oscillating branch shall meet the requirements in IEC 60076-6.

6.107 Making switch (if applicable)

Sub¢lause 6.102 is applicable except 6402.7.

6.108 Charging device (if applicable)

To ensure successful current’transfer operation, the charging device has to keep| the
comnutation capacitor always charged excepted the short period of re-charging time affer a
trangfer operation.

The re-charging time sshall be as short as possible, should be agreed by manufacturer and juser
and has to be mentioned in the relevant documents.

NOTH If there\is’'no requirement to perform two transfer operations within a few min, this re-charging time coyld be
consiflered-as, neglectable.

7 TFype-tests
71 General

711 Basics

Subclause 7.1.1 of IEC TS 62271-5:2024 is applicable with the following additions:

Type tests shall be performed on a complete assembled DC transfer switch, except when it is
otherwise noted in the relevant subclause.

For test situations which are aligned to one specific component of the DC transfer switch, or
the test result is only affected by this component, the specified test may be performed only on
this component.
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NOTE 1 For example, the mechanical test can be performed on a commutation switch only.

If specific product standards are available for components of DC transfer switches, like reactors,
capacitors, energy dissipation devices and so on, these components shall be tested according
to their relevant product standards as far as applicable.

In this specific application of DC transfer switches, not all requirements specified in
IEC 60871-1 for capacitors, IEC 60076-6 for reactors and IEC 60099-9 for arrester apply.

NOTE 2 For example, there is no continuous current in the oscillating branch, thus the temperature rise test on
reactor and thermal stability test for capacitors are not necessary.

Gengrally, tests on components of DC transfer switches should be carried out in accordance
with|their relevant product standards unless a specified test specification or condition(s defined
in this specification. For such cases, the condition given in this specification’ should be
congidered.

Each component of DC transfer switches, like reactors, capacitors, energy\dissipation deVices
and o on, shall pass the tests specified in Annex A.

The [type tests for transfer switches are listed in Table 4 and can‘tbe performed on a new or
refufbished transfer switch.

Table 4 — Type tests

Type test Condition Subclauges
Dieleftric tests a 7.2
Resigtance measurement a 7.3
Contipuous current test a 7.4
Short-time withstand current and peak a 7.5
withsfand current tests
Addit|onal tests on auxiliary and control a 7.9
circuits
Mechfanical operation test at ambient a 7.101.1
temperature (class MO)
Direct current commutation test a 7.103
Direcf arc withstand tests a 7.104
Verification of the protection Assigned IP and IK class P 7.6
Tightpess test Controlled, sealed or closed pressure systems ° 7.7
EMC [tests Electronic equipment or components are included in 7.8

the secondary system

X-ray| radjation test Vacuum interrupters ° 7.10
Extended-mechanical-operation-test-at ClassMi-speeifiedL 71041

ambient temperature

Low and high temperature tests If ambient air temperature is different from -5 °C 7.101.3
and/or +40 °C P

Humidity test Insulation subject to voltage stress and condensation ° 7.101.4

Test to prove operation under severe Outdoor transfer switches ‘(or all mechanical switching 7.101.5

ice conditions devices) with moving external parts °

Seismic tests b 7.102

a8 Mandatory type tests required for all transfer switches regardless of rated voltage, design or intended use.

b Other type tests, shown in the lower part of the table, are required for all transfer switches where the associated

rating or requirement is specified, for example X-ray radiation test is required only for vacuum interrupters.
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If a pole of a type tested AC circuit-breaker is used as commutation switch, the existing test
documentation could be used as far as applicable.

Tolerances on test quantities are given in Annex C and Table C.1.
Information regarding the extension of validity of type tests is given in Annex E.

The responsibility of the manufacturer is limited to the declared values and not to those values
achieved during the type tests.

71.2 Information for identification of test objects

Subg¢lause 7.1.2 of IEC TS 62271-5:2024 is applicable.

7.1.3 Information to be included in type-test reports

Sub¢lause 7.1.3 of IEC TS 62271-5:2024 is applicable with the following addition:
Further details relating to records and reports of type tests are given inFAnnex D.

7.2 Dielectric tests
7.2.1 General

Sub¢lause 7.2.1 of IEC TS 62271-5:2024 is applicable~with the following addition:

Test| on a complete DC transfer switch can be _emitted if any component of the DC transfer
swit¢h was tested in accordance with Annex A and the air clearance between the components
and petween each component to earth comply“with the requirements of Annex B of IEC 60p71-
11:2p22.

7.2.] Ambient air conditions during tests

Subg¢lause 7.2.2 of IEC TS 62274-5:2024 is applicable.

7.2.3 Wet test procedure
Subg¢lause 7.2.3 of IEC\TS 62271-5:2024 is applicable.

7.2.4 Arrangement of the equipment

Subg¢lause 7:2/4 of IEC TS 62271-5:2024 is applicable.

7.2.% Criteria to pass the test

Subclause 7.2.5 of IEC TS 62271-5:2024 is applicable.

7.2.6 Application of the test voltage and test conditions
Subclause 7.2.6 of IEC TS 62271-5:2024 is applicable with the following addition:

— Only the general case, sub-clause 7.2.6.2 of IEC TS 62271-5:2024, is applicable for DC
transfer switches

— Subclause 7.2.6.3 of IEC TS 62271-5:2024 is not applicable.
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7.2.7 Tests of switchgear and controlgear
7.2.71 General
Subclause 7.2.7.1 of IEC TS 62271-5:2024 is not applicable.

The tests shall be performed with the test voltage equal to the rated withstand voltages selected
from Table 1.

7.2.7.2 Direct voltage tests

Subg¢lause 7.2.7.2 of IEC TS 62271-5:2024 is applicable with the following addition:

For PC transfer switches comprising a non-switchable oscillating branch (commutation switches
using a non-switchable oscillating branch in parallel) direct withstand voltagé~test will be
performed with the transfer switch in the closed position, with voltage applied*between the
swit¢h terminals and earth only.

NOTH If an oscillating branch is fixed connected in parallel to the commutation switch,,the complete DC trgnsfer
switch has to be disconnected from neutral system after commutation switch is_.opened. Otherwise, the epergy
dissigation device could be overloaded by repeatedly discharging the capacitor inside the oscillating branch, ywhich
will bg charged by the neutral system.

To demonstrate the direct voltage withstand capability across'such transfer switches, the dJi;ect
voltgge test across open transfer switch can be limited initime (e.g. to 1 min) by agreement
between manufacturer and user.

To demonstrate the direct voltage withstand capability across the commutation switch of $uch
trangfer switches, the direct voltage test across.open transfer switch can be performed on the
commutation switch only (similar to test on a blank DC transfer switch) by agreement between
manpfacturer and user.

7.2.7.3 Switching impulse voltage‘tests

Sub¢lause 7.2.7.3 of IEC TS 6227455:2024 is not applicable.

7.2.7.4 Lightning impulse' voltage tests
Subg¢lause 7.2.7.4 of IECTS 62271-5:2024 is applicable with the following addition:

For DC transfer switches comprising a non-switchable oscillating branch (commutation swit¢hes
using a non-switchable oscillating branch in parallel) lightning impulse voltage tests wi|l be
performed with: the transfer switch in the closed position, with voltage applied between the
swit¢h terminals and earth only.

Duripgulightning impulse voltage test across DC transfer switch, the test voltage will usually be
limited by the internal energy dissipation device Therefore, lightning impulse voltage test across
DC transfer switch with reduced test voltage could be performed by agreement between
manufacturer and user.

To demonstrate the full lightning impulse voltage withstand capability across DC transfer switch,
the lightning impulse voltage test across open transfer switch can be performed with
disconnected energy dissipation device by agreement between manufacturer and user.

To demonstrate the lightning impulse voltage withstand capability across the commutation
switch of such transfer switches, the lightning impulse voltage test across open transfer switch
can be performed on the commutation switch only (similar to test on a DC blank transfer switch)
by agreement between manufacturer and user.
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7.2.7.5 Superimposed impulse voltage tests

Subclause 7.2.7.5 of IEC TS 62271-5:2024 is not applicable.

7.2.7.6 Polarity reversal tests

Subclause 7.2.7.6 of IEC TS 62271-5:2024 is applicable.

7.2.8 Artificial pollution tests for outdoor insulators

Subclause 7.2.8 of IEC TS 62271-5:2024 is applicable.

7.2.1 Partial discharge tests
Sub¢lause 7.2.9 of IEC TS 62271-5:2024 is applicable with the following additiont

Part|al discharge tests are normally not required on transfer switches. However, in the cage of
a trgnsfer switch using components for which a relevant IEC standard exists, including partial
discharge measurements (for example, bushings, see I|IEC/IEEE-65700-19-03:2014 |[3]),
evidence shall be produced by the manufacturer showing that those-components have passed
the partial discharge tests as laid down in the relevant IEC standard:

7.2.10 Dielectric tests on auxiliary and control circuits

Subg¢lause 7.2.10 of IEC TS 62271-5:2024 is applicable:

7.2.11 Voltage test as condition check

Subg¢lause 7.2.11 of IEC TS 62271-5:2024 is applicable with the following addition:

Any [component of a DC transfer switch shall be tested in accordance with its relevant product
stanfard. As an alternative, for the commutation switch and making switch (if any), a djrect
voltgge test in dry conditions according to subclause 7.2.7.2 can be applied.

7.3 | Resistance measurement
7.3.1 Measurement of-the resistance of auxiliary contacts class 1 and class 2

Subg¢lause 7.3.1 of IEC)TS 62271-5:2024 is applicable.

7.3.7 Measurement of the resistance of auxiliary contacts class 3

Sub¢lause 7:3.2 of IEC TS 62271-5:2024 is applicable.

7.3.1 Electrical continuity of earthed metallic parts test

Subclause 7.3.3 of IEC TS 62271-5:2024 is applicable.

7.3.4 Resistance measurement of contacts and connections in the main circuit as a
condition check

Subclause 7.3.4 of IEC TS 62271-5:2024 is applicable with the following addition:

7.3.4.1 Resistance measurement test procedure

Subclause 7.3.4.1 of IEC TS 62271-5:2024 is applicable with the following addition:

This test is only applicable for the commutation switch and any accessory that is connected
between both terminals of transfer switch and direct in series with the commutation switch.
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Continuous current tests

Subclause 7.4 of IEC TS 62271-5:2024 is applicable with the following addition:

7.4.1 Condition of the test object

Subclause 7.4.1 of IEC TS 62271-5:2024 is applicable with the following addition:

This test is only applicable for the commutation switch and any accessory that is connected
between both terminals of transfer switch, including these terminals and its supports, and direct
in series with the commutation switch.

NOTH
termi

7.4.7
Sub

For
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7.5
7.5.1
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NOTH
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7.5.4
Sub

Accessory means any component connected between the terminals of the commutation switch and the
hals of the transfer switch, e.g.: shielding, clamps, wires...

.1 Test on main circuit

tlause 7.4.3.1 of IEC TS 62271-5:2024 is applicable with the following/addition:
onvenience of testing, alternating current may be used alternativelypwithout any correc

5t with alternating current of arbitrarily frequency without any correction is more severe
t with direct current and should only apply upon approval.of' manufacturer.

Short-time withstand current and peak withstand current tests
General

tlause 7.5.1 of IEC TS 62271-5:2024 is applieable with the following addition:

test is only applicable for the commutation switch and any accessory which is connej
een both terminals of transfer switch;*including these terminals and its supports, and d
ries with the commutation switch.

Accessory means any component-connected between the terminals of the commutation switch and the
hals of the transfer switch, for €xample: shielding, clamps, wires.

P Arrangement of the equipment and of the test circuit

tlause 7.5.2 of JEC)TS 62271-5:2024 is applicable with the following addition:

pote

nt testsHAir or N, may be used as an alternative to gases with high global war
tial.-There is also no requirement of minimum pressure for insulating fluid.

use of insulating fluid is not mandatory for short-time withstand current and peak withslltnand

outer

tion.

than

cted
irect

outer

ing

Subclause 7.5.3 of IEC TS 62271-5:2024 is applicable.

7.5.4 Conditions of the test object after test

Subclause 7.5.4 of IEC TS 62271-5:2024 is applicable.

7.6

Verification of the protection

Subclause 7.6 of IEC TS 62271-5:2024 is applicable.

7.7

Tightness tests

Subclause 7.7 of IEC TS 62271-5:2024 is applicable.
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7.8 Electromagnetic compatibility tests (EMC)
Subclause 7.8 of IEC TS 62271-5:2024 is applicable with following modification:

Subclause 7.8.1.1 is not applicable.

7.9 Additional tests on auxiliary and control circuits

Subclause 7.9 of IEC TS 62271-5:2024 is applicable.

7.10—X-radiation-test for vacuum-interrupters
Sub¢lause 7.10 of IEC TS 62271-5:2024 is applicable.

7.101 Mechanical and environmental tests
7.10(1.1 Miscellaneous provisions for mechanical and environmental tests
7.10(1.1.1 Mechanical characteristics

The mechanical characteristic shall be only established for the commutation switch and all gther
mechanical switching devices inside the DC transfer switch.

At the beginning of the type tests, the mechanical characteristics of the DC transfer switch ghall
be established individually on all mechanical switching devices. IEC TR 62271-306 [1] dives
examples on how to measure the mechanical characteristics. The mechanical characteristics
will gerve as the reference for the purpose of charactérizing the mechanical behaviour of the
DC fransfer switch. Furthermore, the mechanical:¢haracteristics shall be used to confirm|that
the gdifferent test samples used during the mechanical and commutation type tests belpave
mechanically in a similar way. The referenéeé mechanical characteristics are also used to
conffrm that production units behave mechanically in a similar way compared to the|test
samples used during type tests.

Follgwing are examples of operating’characteristics that can be recorded:
— rjo-load travel curves;
— dlosing and opening times.

The |[mechanical characteristics shall be produced during a no-load test made with a single O
operation and a single C operation at rated supply voltage of operating devices and of auxiliary
and [control circuits, filling pressure for operation and, for convenience of testing, af| the
minimum functional pressure for insulation.

7.1011.1.2 ;,Component tests

Whelntesting of 2 complete mechanical switching device is not practicable component i{ests
may be accepted as type tests as far as applicable. The manufacturer should determine the
components which are suitable for testing.

Components are separate functional sub-assemblies which can be operated independently of
the complete mechanical switching device (example given: part of a pole, switching unit,
operating mechanism).

When component tests are made, the manufacturer shall prove that the mechanical and
environmental stresses on the component during the tests are not less than those applied to
the same component when the complete mechanical switching device is tested. Component
tests shall cover all different types of components of the complete mechanical switching device,
provided that the particular test is applicable to the component. The conditions for the
component type tests shall be the same as those which could be employed for the complete
mechanical switching devices.
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Parts of auxiliary and control equipment which have been manufactured in accordance with
relevant standards shall comply with these standards. The proper function of such parts in
connection with the function of the other parts of the commutation switch shall be verified.

7.101.1.3 Characteristics and settings of the mechanical switching device to be

recorded before and after the tests

Before and after the tests, the following operating characteristics or settings shall be recorded
and evaluated:

a)
b)
c)
d)
e)
)

9)
h)
i)

j)

k)

The [above operating characteristics shall be recorded at

7.10(1.1.4 Condition of the-mechanical switching device during and after the tests

closing time;

gpening time;

—

me spread between units of one pole;

—

Echarging time and consumption of the operating device;

donsumption of the control circuit, if applicable;

donsumption of the auxiliary circuit;

duration of opening and closing command;

tlghtness, if applicable;

das densities or pressures, if applicable;

resistance of the main circuit;

mechanical travel, if applicable;

gqther important characteristics or settings as specified by the manufacturer.

rated supply voltage and filling pressure fof;operation;

maximum supply voltage and filling pressure for operation;

maximum supply voltage and minitagm functional pressure for operation;
rminimum supply voltage and mifiimum functional pressure for operation;

minimum supply voltage and'filling pressure for operation.

During and after the tests, the mechanical switching device shall be in such a condition that it
is capable of operating normally, carrying its rated continuous current and withstanding the

voltgge values according to its rated insulation level.

In g¢neral, these requirements are fulfilled if

during“the tests, the mechanical switching device operates on command and doeg not
perate without command;

after the tests, the characteristics measured according to 7.101.1.3 are within the tolerances
given by the manufacturer;

after the tests, coated contacts are such that a layer of coating material remains at the
contact area. If this is not the case, the contacts shall be regarded as bare and the test
requirements are fulfilled only if the temperature rise of the contacts during the continuous
current (according to 7.4) does not exceed the value permitted for bare contacts;

during and after the tests, it shall be possible to fit any defined replacement part according
to the manufacturer's instructions;

after the tests the insulating properties of the mechanical switching device in the open
position shall be in essentially the same condition as before the tests. Visual inspection of
the mechanical switching device after the tests is usually sufficient for verification of the
insulating properties. In the case of mechanical switching device with sealed-for-life
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7.1011.1.5 Condition of the auxiliary and control equipment during and after‘the tests

interrupters, a voltage test as a condition check in accordance with 7.2.11 replaces this
visual inspection;

for sealed-for-life interrupters, the increase of the resistance of the main circuit shall be less
than or equal to 20 %. If the increase in resistance exceeds 20 % then a continuous current
test according to 7.4 is applicable to determine if the test object can carry its rated
continuous current without exceeding the temperature limits given in Table 10 of
IEC TS 62271-5:2024 by more than 10 K;

for other types of mechanical switching devices, the resistance condition check of the test
object is satisfactory if the resistance determined in 7.3.4 is not greater than 20 % and that
the visual inspection of the contact system does confirm that the contact system complies
It:l thc IUquilClllUlltb atatcd dbUVC ill t:lib oubbiauoc. :f thC leED‘ldllbU illblUdbU c)\u,edS
0 % then also a visual inspection shall be performed to see if the contact system is
omplying the requirements stated above in this subclause.

O DN

Duripg and after the tests, the following conditions for the auxiliary and contrel’equipment shall

be fylfilled:

7.1011.2 Mechanical operation tests at ambient air temperature

7.101.2.1 General

during the tests, care should be taken to prevent undue heating;

o

uring the tests, a set of contacts (both make and break auxiliafry.contacts) shall be arrapged
b switch the current of the circuits to be controlled (see 6,4);

S —~

uring and after the tests, the auxiliary and control equipment shall fulfil its functions;

uring and after the tests, insulation capability of/the auxiliary circuits, of the auxiliary
witches and of the control equipment shall not be“impaired. In case of doubt, the dielgctric
psts according to 7.9.5 of IEC TS 62271-5:2024.shall be performed;

uring and after the tests, the contact resistance of the auxiliary switches shall ngt be
ffected adversely.

~—~ (N O

(@)

Q)

The |mechanical operation test.shall be performed on the commutation switch and all gther
mechanical switching devices:ihside the DC transfer switch only at the ambient air temperature
of thle test location. The ambient air temperature shall be recorded in the test report. Auxiliary

equipment forming part of the operating devices shall be included.

In cases where a making switch is used in series with the oscillation branch in parallel tq the
commutation switch-the mechanical operation test shall be performed on the making switch|also.

In agcordance’/with 7.101.2.3 the mechanical operation test shall consist of:

1 000-6operating cycles for DC transfer switches of endurance class MO;

< UUU operating CycCles 10T DU transrer switches of endurance class vt

Mechanical switching device design can be fitted with several variants of auxiliary equipment
(shunt releases and motors) in order to accommodate the various rated control voltages and
frequencies as stated in 5.6 and 5.7. These variants do not need to be tested if they are of
similar designs and if the resulting no-load mechanical characteristics are within the tolerance
given in Annex C.

7.101.2.2 Condition of the mechanical switching device before the test

The mechanical switching device for test shall be mounted on its own support and its operating
mechanism shall be operated in the specified manner. It shall be tested according to its type as
follows.
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A multicolumn mechanical switching device actuated by a single operating device and/or with
all columns mounted on a common frame shall be tested as a complete unit.

Test

s shall be conducted at the filling pressure for insulation.

A multicolumn mechanical switching device in which each column is actuated by a separate
operating device should be tested preferably as a complete multicolumn commutation switch.
However, for convenience, or owing to limitations of the dimensions of the test bay, one single-
column unit of the mechanical switching device may be tested, provided that it is equivalent to,
or not in a more favourable condition than, the complete multicolumn mechanical switching

devi

ce over the range of tests, for nyampln in rnepnrt of

eference mechanical travel characteristics;
ower and strength of closing and opening mechanism;

gidity of structure.

7.1011.2.3 Operating sequence
The [commutation switch shall be tested in accordance with Table 5 if(ityi$s intended to be yised
in D transfer switches with mechanical endurance class MO.
For lcommutation switches intended to be used in DC tranhsfer switches with mechapical
endyrance class M1 the numbers given in Table 5 shall be«doubled.
In cases where a making switch is used in series withnthe oscillation branch in parallel tq the
commutation switch, this switch normally will operate single close and single open operatipn.
The |making switch shall be tested in accordance with Table 6 if it is intended to be used in DC
trangfer switches with mechanical endurance class MO.
For making switches intended to be used in DC transfer switches with mechanical endurance
clas$ M1 the numbers given in Table 6 shall be doubled.
Table 5 — Number-of,operating sequences for commutation switches
ERTS,
Operating sequence Supply voltage | Operating pressure MRTS, NBS
NBES
Minimum Minimum functional 250 250
O-lt,-C-1, Rated Filling pressure 250 250
Maximum Filling pressure 250 250
O-|t-Ci-a, Rated Filling pressure 250 -
C -101 s—O—r—C—ra—O—r‘1 Rated Eilling pressure 125
O = opening;
C = closing;
tis less than or equal to the rated open-close time (5.106);
t, = time between two operations which is necessary to restore the initial conditions and/or to prevent undue
heating of parts of the commutation switch (this time can be different according to the type of operation).
NOTE 1 The sequences and numbers given for NBS will also cover the requirements for commutation switches
which are intended to operate in ERTS, MRTS or NBES as agreed by manufacturer and user.
NOTE 2 Operating sequence shall be in line with application, see subclause 5.105.
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Table 6 — Number of operating sequences for making switches

Operating sequence Supply voltage | Operating pressure
Minimum Minimum functional 250
O-t,-C-1, Rated Filling pressure 500
Maximum Filling pressure 250
O = opening;
C = closing;

t, = time between two operations which is necessary to restore the initial conditions and/or to prevent undue
heating of parts of the making switch (this time can be different according to the type of operation).

During the test, lubrication of parts outside of the main circuit is allowed in accordance with the
manpfacturer's instructions, but no mechanical adjustment or other kind ofrmaintenange is
allowed.

7.1011.2.4 Acceptance criteria for the mechanical operation tests
a) Before and after the total test program, the following operations‘shall be performed:

1 five open-close operating cycles at the rated supply voliage of closing and opehing
devices and of auxiliary and control circuits and/or thelfilling pressure for operation;;

4 five open-close operating cycles at the minimum supply voltage of closing and opening
devices and of auxiliary and control circuits and/er the minimum functional pressurg for
operation;
1 five open-close operating cycles at the maximum supply voltage of closing and opehning
devices and of auxiliary and control circtiits and/or the filling pressure for operation|.

During these operating cycles, the aoperating characteristics (see 7.101.1.3) shall be
recorded. It is not necessary to publish,all the oscillograms recorded. However, at leasfone
gscillogram for each set of conditions given above shall be included in the test report.

h addition, the following checks.and measurements shall be performed:

measurements of characgteristic operating fluid pressures and consumption ddring
operations, if applicable;

verification of the rated operating sequence;

checks of certain-specific operations, if applicable.

he variation bétween the mean values of each parameter measured before and aftef the
hechanical operation tests shall be within the tolerances given by the manufacturer.

b) After thetotal test program, the condition of the mechanical switching devices shall e in

ccorddnee with 7.101.1.4.

Q s I

The IDCtransfer switch is considered to pass the mechanical operation tests if the mechahical

switGhing-devicesfulfi- the criteria detailedabove— |

7.101.3 Low and high temperature tests
7.101.3.1 General requirements

The low and high temperature test should be performed on a fully assembled DC transfer switch
as far as possible.

If a test on a fully assembled DC transfer switch is not possible for dimensional reasons in
testing station, tests on single component of DC transfer switch should be performed as agreed
between manufacturer and client.

Low and high temperature test shall be performed always on the commutation switch and all
other mechanical switching devices inside the DC transfer switch.
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In cases where a making switch is used in series with the oscillation branch in parallel to the
commutation switch, the low and high temperature test shall also be performed on this switch.
Other as described in the following test procedure below a making switch shall operate with
single close or open operations only.

Other components like capacitors, reactors, resistors, or energy dissipation devices shall be
tested in accordance with their relevant standards.

It is permitted to store this component in a climatic test cell during the low and high temperature
test to demonstrate its performance as agreed by manufacturer and client.

In cases when the component is tested individually, the DC transfer switch is deemeddhgving
pasged the test if all components pass these tests individually.

The [two tests need not be performed in succession, and the order in which they.are made is
arbifrary. If the minimum ambient air temperature of indoor and outdoor DC transfer switgches
is higher than or equal to -5 °C, no low temperature test is required. If maximum ambierjt air
temperature is not higher than +40 °C, no high temperature test is required.

If hejat sources are required, they shall be in operation.

Liqujd or gas supplies for transfer switch operation are to be at'the test air temperature unless
the transfer switch design requires a heat source for thesesupplies.

No maintenance, replacement of parts, lubrication er\readjustment of the transfer swit¢h is
permissible during the tests.

The transfer switch has passed the test if the conditions stated in 7.101.1.4 and 7.101.1.8 are
fulfilled. Furthermore, the conditions in 7.1014¢8:3 and 7.101.3.4 shall be fulfilled and the leakage
rates recorded shall not exceed the limits given in Table 11 of IEC TS 62271-5:2024. In the test
report the testing conditions and the condition of the transfer switch before, during and aftef the
test |[shall be reported. The recorded-guantities shall be presented. To reduce the numbegr of
oscillograms in the test report, axsingle representative oscillogram of every relevant tyge of
opeffation under each specified tésting condition shall be included.

A trInsfer switch design .may be fitted with several variants of auxiliary equipment (shunt
relegases and motors) totaccommodate the various rated control voltages and frequencies as
stated in 5.6 and 5.7 (These variants do not need to be tested if they are of similar designs|and
if the resulting no-load mechanical characteristics are within the tolerance given in 7.101.1.1.

The [conditions<during and after the tests are given in 7.101.1.4.

7.1011.3.2 ) Measurement of ambient air temperature

The ambientair temperature of the immediate test environment shati be measured at haif the
height of the transfer switch and at a distance of 1 m from the transfer switch.

The maximum temperature deviation over the height of the transfer switch shall not exceed 5 K.

7.101.3.3 Low-temperature test

The diagram of the test sequences and identification of the application points for the tests
specified are given in Figure 1.
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NOTH Letters a through k identify application points of tests specified in 7.101.3.3.

Temperature

Transfer
(commutation)
switch open
j
Transfer Operate transfer |
(commutation) (commutation)
switch closed

Time
IEQ

Figure 1 — Test sequence fordow temperature test

If the low temperature test is performed immediately after the high temperature test, thel low
temperature test can proceed after completion’ of item u) of the high temperature test. In| this

casqg items a) and b) are omitted.

d)

e)

The test transfer switch shall.\be prepared and adjusted in accordance with| the
manufacturer's instructions;
(

Characteristics and settings‘of the transfer switch shall be recorded in accordance |with
.101.1.3 and at an ambient air temperature of 20 °C +5 °C (T,). The tightness tesgt (if

pplicable) shall be performed according to 7.7;

Q)

Vith the transfer switch in the open position, the air temperature shall be decreased tg the
ppropriate, minimum ambient air temperature (7 ), according to the minimum ambient
bmperature. specified as given in 4.1.2, 4.1.3 and 4.2.4 of IEC TS 62271-5:2024.|The
ransfer switch shall be kept in the open position for 24 h after the ambient air temperature
tabilizes at T ;

(p_—+ =+ Q) <

During)the 24 h period with the transfer switch in the open position at temperature 7, a

tlghtness test shall be performed (if applicable). An increased leakage rate is acceptable,
provided that it returns to the original value when the transfer switch is restored to the
ambient air temperature T, and is thermally stable. The increased temporary leakage rate
shall not exceed the permissible temporary Ileakage rate of Table 11 of
IEC TS 62271-5:2024;

After 24 h at temperature T, the transfer switch shall be closed and opened at rated values

of supply voltage and operating pressure. The mechanical characteristics shall be recorded
and shall be within the manufacturer’s specified tolerances;

The low temperature behaviour of the transfer switch and its alarms and lock-out systems
shall be verified by disconnecting the supply of all heating devices, including also the anti-
condensation heating elements, for a duration ¢,. During this interval, occurrence of an alarm
is acceptable but lock-out is not. At the end of the interval ¢,, a closing order, at rated values
of supply voltage and operating pressure, shall be given. The mechanical characteristics
shall be recorded and shall within the manufacturer’s specified tolerances.
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The manufacturer shall state the value of 7, (not less than 2 h) up to which the transfer
switch is still operable without auxiliary power to the heaters. In the absence of such a
statement, the default value shall be equal to 2 h;

The transfer switch shall be left in the closed position for 24 h;

During the 24 h period with the transfer switch in the closed position at temperature 7|, a
tightness test shall be performed (if applicable). An increased leakage rate is acceptable,
provided that it returns to the original value when the transfer switch is restored to the
ambient air temperature T, and is thermally stable. The increased temporary leakage rate

shall not exceed the permissible temporary Ileakage rate of Table 11 of
IEC TS 62271-5:-2024:

t the end of the 24 h period, 50 opening and 50 closing operations shall be madesat.rated
alues of supply voltage and operating pressure with the transfer switch at temperature 7| .

t least a 3 min interval shall be allowed for each cycle or sequence. The first.opéning[and
losing operation shall be recorded. The mechanical characteristics shall be\recorded|and
hall be within the manufacturer’s specified tolerances. Following the first opening operation
O) and the first closing operation (C) three OC operating cycles shall\bé performed.|The
dditional operations shall be made by performing O — 7, — C —z, operfating sequences (¢, is

efined in Table 5);

fter completing the 50 opening and 50 closing operations,“thé” air temperature shall be
ncreased to ambient air temperature T at a rate of change ©fjapproximately 10 K per hour;

—_—s 0 Q) 0O Y < T

uring the temperature transition period the transfer switch shall be subjected to alternate
D —1,—C -1, —0Oand C -, - O -1, — C operating sequences at rated values of sypply
oltage and operating pressure. The alternate eperating sequences should be made at
0 min intervals so that the transfer switch will be'in closed and open positions for 30 min
eriods between the operating sequences;

fter the transfer switch has stabilized thefmally at ambient air temperature T,, a recheck

hall be made of the transfer switch ssettings. The mechanical characteristics shall be
ecorded and shall be within the manufacturer’s specified tolerances. The tightness|test
hall be repeated as in Item b) and\the leakage rate shall remain the limits stated in 7.J.

W = (N Y= T < VW e |

The [accumulated leakage during the complete low temperature test sequence from item b) to
item|j) shall not be such that lock=out pressure is reached (reaching alarm pressure is allowed).

7.10{1.3.4 High-temperature test

The [diagram of the (test sequence and identification of the application points for the {ests

spedified are given'in’ Figure 2.
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NOTHE Letters | through u identify application points of tests specified in 7.107.3.4.

[0]
5 A
©
qé— Transfer
K3 (commutation)
o p switch closed
N //
rr 7/
q ' S t Operate transfer
n (commutation)
switch open
Transfer
(commutation)
In 77—/ / switch open
I m u

Time
IEQ

Figure 2 — Test sequence for high temperature test

If the high temperature test is performed immediately-after the low temperature test, the fhigh
temperature test can proceed after completion of item j) of the low temperature test. In| this

casq, items |) and m) below are omitted.

c)

d)

The test transfer switch shall be prepared and adjusted in accordance with| the
manufacturer's instructions;
(

Characteristics and settings of the transfer switch shall be recorded in accordance |with
.101.1.3 and at an ambient air.temperature of 20 °C £ 5 °C (7). The tightness test (if

pplicable) shall be performed-<according to 7.7;

Q)

Vith the transfer switch in_the open position, the air temperature shall be increased tg the
ppropriate, maximum ambient air temperature (Ty), according to the upper limit of ambient
ir temperature as given in 4.1.2, 4.1.3 and 4.2.4 of IEC TS 62271-5:2024. The transfer

witch shall be kepfiin the open position for 24 h after the ambient air temperature stabilizes
t Ty

QO Q) Q) <=

uring the 24.h’period with the transfer switch in the open position at the temperaturg T},

tightnessiest shall be performed (if applicable). An increased leakage rate is acceptable,
rovided.that it returns to the original value when the transfer switch is restored td the
mbient air temperature T, and is thermally stable. The increased temporary leakage|rate
hall” not exceed the permissible temporary leakage rate of Table 11 of
EC 1S 62271-5:2024;

After 24 h at the temperature Ty, the transfer switch shall be closed and opened at rated

values of supply voltage and operating pressure. The mechanical characteristics shall be
recorded and shall be within the manufacturer’s specified tolerances;

- (0 QA T Q) -l

The transfer switch shall be closed and left closed for 24 h at the temperature Ty;

During the 24 h period with the transfer switch in the closed position at the temperature T},
a tightness test shall be performed (if applicable). An increased leakage rate is acceptable,
provided that it returns to the original value when the transfer switch is restored to the
ambient air temperature T, and is thermally stable. The increased temporary leakage rate
shall not exceed the permissible temporary Ileakage rate of Table 11 of
IEC TS 62271-5:2024;
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h) At the end of the 24 h period, 50 opening and 50 closing operations shall be made at rated
values of supply voltage and operating pressure with the transfer switch at the temperature

Ty. An interval of at least 3 min shall be allowed for each cycle or sequence. The

opening and closing operation shall be recorded. The mechanical characteristics sha
recorded and shall be within the manufacturer’s specified tolerances;

Following the first opening operation (O) and the first closing operation (C) three

first
Il be

ocC

operation cycles shall be performed. The additional operations shall be made by performing

O -1, — C —t, operating sequences (¢, is defined in Table 5);

After completing the 50 opening and 50 closing operations, the air temperature sha
decreased to ambient air temperature T, at a rate of change of approximately 10 K/h;

Il be

uring the temperature transition period, the transfer switch shall be subjected to alter
D —1,—C -t;,—0Oand C -, — O -, — C operating sequences at rated values\of'su
oltage and operating pressure. The alternate operating sequences should. be” mad

0
d
v
30 min intervals so that the transfer switch will be in the closed and open positiens for 30
periods between the operating sequences;
y:
S
r
S

fter the transfer switch has stabilized thermally at ambient air temperature 7, a rec

hall be made of the transfer switch settings. The mechanicalcharacteristics sha
pcorded and shall be within the manufacturer’s specified tolerances. The tightness
hall be repeated as in item m) and the leakage rate shall remain'the limits stated in 7

The [accumulated leakage during the complete high temperatute test sequence from item
item(t) shall not be such that lock-out pressure is reached (feaching alarm pressure is allow

7.1011.4 Humidity test

7.101.4.1 General

The |lhumidity test does not apply to equipment, which is designed to be directly exposs
precjpitation, for example primary parts of-outdoor DC transfer switches. The test sha
performed on DC transfer switches or.its' component, where due to sudden changes o
temperature, condensation may occur'on insulating surfaces which are continuously stre
by vpltage. This is mainly the insulation of the secondary wiring of indoor installed DC tran
swit¢hes. It is also not necessany Where effective means against condensation are provi
for example control cubicles with anti-condensation heaters.

Applying the test procedure described in 7.101.4.2, the withstand of the test object, prim
components of transfersswitch or of active current injection circuit, to humidity effects, w
may|produce condéngation on the surface of the test object, is determined in an acceler
manher.

7.1011.4.2 Test procedure

The [test 'object shall be arranged in a test chamber containing circulating air and in whick
temperature and humidity shall follow the cycle given below:

nate
pply
e at
min

heck

| be
test
7.

) to
ed).

d to
| be
the
5sed
sfer
ded,

arily
hich
ated

the

During about half of the cycle the surfaces of the test object shall be wet, and dry during the
other half. To obtain this result the test cycle consists of a period 74, with low air temperature
(Tmin = 25 °C £3 °C) and a period t, with high air temperature (7,5, = 40 °C +2 °C) inside the
test chamber. Both periods shall be equal in time. The generation of fog shall be maintained for
that half of the cycle (see Figure 3) in which the low air temperature is applied.

The beginning of fog generation coincides in principle with the beginning of the low air
temperature period. However, to wet the vertical surfaces of materials with a high thermal time
constant, it may be necessary to start the fog generation later within the low air temperature
period.
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Figure 3 — Humidity test
The [dGration of the test cycle depends on the thermal characteristics of the test objects,|and
shal-be cuffiuicnﬂy =U||9, both—at hlyh andtow tclllpclatluc, to—cause VVUttIIIU afrd dlyilly of all

insulation surfaces. In order to obtain these conditions, steam should be injected directly into
the test chamber or heated water should be atomized; the rise from 25 °C to 40 °C may be
obtained with the provision of heat coming from the steam or atomized water or, if necessary,
by additional heaters. Preliminary cycles shall be carried out with the test object placed in the
test chamber in order to observe and to check these conditions.

For low-voltage components of transfer switches, usually having time constants smaller than
10 min, the duration of the time intervals given in Figure 3 are: #; = 10 min, 7, = 20 min,

t3 = 10 min and ¢4 = 20 min.

The fog is obtained by the continuous or periodical atomization of 0,2 | to 0,4 | of water (with
the resistivity characteristics given below) per hour and per cubic meter of test chamber volume.
The diameter of the droplets shall be less than 10 um; such a fog can be obtained by mechanical
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atomizers. The direction of the spraying shall be such that the surfaces of the test object are
not directly sprayed. No water shall drop from the ceiling upon the test object. During the fog
generation the test chamber shall be closed, and no additional forced air-circulation is permitted.

The water used to create the humidity shall be such that the water collected in the test chamber
has a resistivity equal to or greater than 100 Qm and contains neither salt (NaCl) nor any
corrosive element.

The temperature and the relative humidity of the air in the test chamber shall be measured in
the immediate vicinity of the test object and shall be recorded for the whole duration of the test.
No value of relative humidity is Qpnrifind during the drop in temperature. however the humidity
shal| be above 80 % during the period when the temperature is maintained at 25 °C. The air
shal| be circulated to obtain uniform distribution of the humidity in the test chamber.

The [humber of cycles shall be 350.

During and after the test, the operating characteristics of the test objects_shall not be affe¢ted.
This|is proven by the dielectric withstand test on the auxiliary and controlcircuits in accordance
with|7.2.11. The degree of corrosion, if any, should be indicated in thectest report.

7.101.5 Test to prove the operation under severe ice conditions

The fest to prove the operation under severe ice conditions is applicable only to outdoor transfer
swit¢thes having movable external parts. The test &hall be performed according to
IEC B2271-102:2018.

The [test to prove the operation under severe lice conditions shall be established for| the
commutation switch and all other mechanical switching devices inside the DC transfer switch
only

In cases where a making switch is used,in series with the oscillation branch in parallel tq the
commutation switch, the test to prove-the operation under severe ice conditions shall performed
for the making switch also.

7.10R Seismic tests

The seismic test should be performed on a fully assembled DC transfer switch as far as possible.

If a fest on a fully‘assembled DC transfer switch is not possible for dimensional reasons in
testing station, tests on single component of DC transfer switch should be performed as agfeed
between mapufacturer and client.

The tests shall be performed in accordance with IEC 62271-207.

NOTE By agreement of manufacturer and client this test could be substituted by calculation.

7.103 Direct current commutation tests
7.103.1 General

The purpose of this test is to verify the specified direct current transfer capability of DC transfer
switches.

NOTE 1 This test verifies whether the DC transfer switch can successfully transfer the direct current within the
rated value, the DC transfer switch can withstand the specified voltage, having a specific rate of rise, across its open
contacts and the capability of energy dissipation device.

NOTE 2 Simulations could be used for determination of the settings of oscillating branch, but they do not replace
this test.
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The value of transfer current as test result, is the current in the main test circuit, measured
outside of the transfer switch, at the instant of arc extinction in the commutation switch.

7.103.2 Arrangement of the transfer switch during test

As preferred method direct current transfer tests should be performed on a fully assembled DC
transfer switch. During the direct current commutation test, if the energy of the test circuit is
insufficient to verify the capability of the energy dissipation device, it should be
proofed/demonstrated in a different way like test on arrester discs.

y not
being| tested sufficiently during test ona fully assembled DC transfer switch. Therefore, the energy dissipation.device
can be adapted to handle the energy of test circuit only.

As an alternative method for testing a passive DC transfer switch, the commutation switch can
be tg¢sted in an arrangement of oscillation circuit, having same capacitance andninductance as
the griginal one, and an energy dissipation device adapted to the test circuit.

NOTH 2 In passive DC transfer switches, the capability to transfer a direct current depends on the interaction
betwgen the arc voltage of commutation switch and the oscillation branch in parallel;Also, the voltage stress| after
arc extinction is defined by the oscillation branch. Therefore, only the capacitance and the inductance of the elements
insidg the oscillation branch are considered during the test.

Valules for capacitance, inductance and resistance of the test setup or the transfer switch upder
test shall be established and mentioned in the test document:

NOTH 3 Stray inductances within the oscillating branch and between the DC switch and the oscillating branch can
be significant for the DC current commutation performance. If an,'equivalent circuit having the same inductancg and
same|capacitance is used, then the stray inductance of the oscillating circuit can be represented as close as pogsible
(e.g. pame cable lengths between the oscillating branch and.thle DC commutation switch).

less|than the rated commutation voltage, thie*dielectric withstand capability of the commutation
swit¢ch and current zero device will not pe'tested correctly. In this case the dielectric withstand
capdgbility of commutation switch and\current zero device shall be demonstrated in additjonal
testd. During these tests the peak, value of test voltage shall not be less than the rated
commutation voltage and its rate of rise shall not be less than the specified value calculltated
from| circuit components. For.the'current zero device this can be an impulse voltage withstand
test.| For commutation switchy'an AC breaking test is recommended with same current peak
valug as during current transfer test. The current derivative (di/dt) at current zero should n¢t be
less|than the current derivative obtained during current transfer tests.

If anl energy dissipation device is used during current transfer test having a residual vo%age

For DC transfer switChes using compressed fluids for insulation or commutation, the test shall
be performed at. minimum functional pressure (density) for insulation or commutation. The [kind
of flbid, its_temperature and pressure during the test shall be noted and recorded in the|test

ests
shall be performed with, at least, the maximum arcing time obtained during the commutation
tests. Moreover, the number of additional tests demonstrating the commutation voltage
withstand capability shall be the same number of tests as the number of tests specified for the
commutation test.

For DC transfer switches using compressed fluids for operation, the test shall be performed at
filling pressure for operation and minimum functional pressure for operation (refer to 7.103.4).
The temperature and pressure of the fluid during the test shall be noted and recorded in the
test report.

The supply voltage of opening and closing releases during the test shall be set to rated supply
voltage.
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7.103.3 Test circuit

The

general layout of a test circuit for current transfer test is shown in Figure 4.

MS R L

Key
DC
MS

TO
CzD

EDD

NOTH

If teg
test.
(arci
mair

|
l

IEC

DC source

Master switch

Resistor

Inductor

Test object (Commutation switch)

Current zero device, will be

— an oscillation branch in case of passive DC transfer‘switch

— a current impulse generator in case of active DC _transfer switch

Energy dissipation device

Figure 4 — General layout of test circuit for direct current commutation test

1 Further information on test circuits ¢an be found in Annex B, Clause B.1.

t facilities are limited, an eguivalent low-frequency alternating current may be used fo
In this case only one-half\period of current shall be used and the interval of commut
ng time of commutation\switch) should be close to the maximum current. The current i
test circuit during the‘commutation time in the commutation switch, measured outsig
the transfer switch, shali'not be less than 100 % of the rated transfer current (see Figure §

r the
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NOTH 2 Suitable frequency (wavelength of current) depends on/needed arcing time, for example, 16 2/3 Hz
be used.

7.10B.4 Test procedure

Befdre and after the direct current commutation test the mechanical characteristics and
resigtance of the main circuit shall be established.

In thle test series 15 commutation operations shall be performed consisting of:

In cpse of active current injection transfer switches or transfer switches having a cu
ption branch, test-with reduced current shall be performed, also, the number of reqyired
commutation operations for each polarity is given as follows:

limit

Interval of commutation

|
: (arcing time)
I
|
|

Transfer current

Contact separation

IEC

Figure 5 — Current commutation test with low-frequency alternating current

8 operations at minimum functional pressure for operation;

10 operations at filling pressure for operation.

8 operations” with 100 % of rated transfer current at minimum functional pressure
gperation;

LN

operations with 100 % of rated transfer current at filling pressure for operation;
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5 operations with 10 % of rated transfer current at filling pressure for operation;

In case of active current injection transfer switches with predetermined unipolar current impulse
the number of required commutation operations is 20.

In case of active current injection transfer switches with bipolar injection current wave the
number of required commutation operations is 40, that means 20 operations in each polarity.
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7.103.5 Behaviour of DC transfer switch during test

During direct current commutation test, the DC transfer switch shall not

show signs of distress;

show harmful interaction to earth;

show harmful interaction with adjacent laboratory equipment;
exhibit behavior which could endanger an operator.

If faults occur that are neither persistent nor due to defect in design, but rather are due to errors
in agsembty ormmaimterance; the fautts cambe rectifredandthe D€ tramsfer switchsubjected to
the fepeated direct current transfer test concerned. In those cases, the test report shalkinglude

refefence to the invalid tests.

7.10B.6 Criteria to pass the test

The [DC transfer switch shall pass the direct current transfer test if the/tequired numbgr of
trangfer operations have been performed successfully without damage (beside the uspally
accgptable wear of contacts), and it is capable of opening and closingmnormally after the t¢sts.
This| will be confirmed by checks of mechanical characteristics, tesistance of main circuit,

dieldctric withstand capability and a visual inspection of switching units.

The [mechanical travel characteristic and the opening and, closing time before and after|test

shal| be compared.

The fresistance of main circuit before andiafter test shall be compared.

The [dielectric withstand capability after direct current transfer test shall be demonstrated.

NOTH Dielectric condition-Check can be omitted if it will be performed after ‘Direct arc withstand test’.

The jswitching units of DC transfer switch shall be inspected.

For
of th

he difference of opening and closing time at rated condition after test is within the [|mits
iven by the manufacturer;

he mechanical travel characteristic for opening and closing, before and after test shdll be

1
d
T
within an envelope of not more than 10 %‘around the mechanical reference curve.

Difference of resistance of main-circuit after test measured according to 7.3.4 is within not
more than 100 % of before the'test.

Dielectric condition_check, according to 7.2.11 shall be performed.

capability of the commutation switch to carry the rated continuous current.

Fher than sealed for life switching units, visual inspection is usually sufficient for verification

The main contacts shall be in such a condition, in particular with regard to wear, contact
area, pressure and freedom of movement, that they are capable of carrying the rated normal
current of the transfer switch without their temperature rise exceeding by more than 10 K
the values specified for them in Table 10 of IEC TS 62271-5:2024.

Contacts shall be considered as "silver-faced" only if there is still a layer of silver at the
contact points after the test; otherwise, they shall be treated as "not silver-faced".

7.104 Direct arc withstand tests

7.104.1 General

The purpose of this test is to verify the arc withstand capability of the DC transfer switch should
it fail to commutate the rated transfer current. The time duration of the direct arc is the interval
of time between the instant when the contacts have separated during the opening operation
and the instant when the contacts touch during the following closing operation.
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For blank DC transfer switches which have an inherent arc quenching capability, it is not
possible for the arc to be sustained for an extended period. Usually, the arc will be quenched
by these commutation switches within the required time span. In these cases, the test shall be
considered compliant, despite the arcing time achieved.

7.104.2 Arrangement of the transfer switch during test

The test shall only be performed on the commutation switch without auxiliary circuits fitted and
the insulation platform.

h lids fo 113 J
rformed at minimum f (density) for insulation or commutation. The
id, its temperature and pressure during the test shall be noted and recorded in! the|test
repoyrt.

For DC transfer switches using compressed fluids for operation, the test shall'be performgd at
filling pressure for operation and minimum functional pressure for operationy(refer to sub-clause
7.10@.4). The temperature and pressure of the fluid during the test shall be noted and recofded
in the test report.

The [supply voltage of opening and closing releases during the test'shall be set to rated sypply
voltgge.

7.104.3 Test circuit

The [test circuit shall be equivalent to the actual seryice’condition of DC transfer switches.

The [general layout of a test circuit for direct aré<withstand test is shown in Figure 6.

MS R L

——{ Il

|
|

IEC

Key
DC DC source
MS Master switch

R Resistor
Inductor
TO Test object

SCD Short circuit device, to by-pass test object in case of failed closing operation.

Figure 6 — General layout of test circuit for direct arc withstand test

NOTE Further information on test circuits can be found in Annex B, Clause B.2.
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7.104.4 Test procedure

Before and after the direct arc withstand test the mechanical characteristics and the resistance
of the main circuit shall be established.

The test requirements are as follows:

7.104.5 Behaviour of DC transfer switch during test

Duripg direct arc withstand test, the DC transfer switch shall not

If faylts occur which are neither persistent nor due-fe_defect in design, but rather are dy
errofs in assembly or maintenance, the faults can'be rectified and the DC transfer sy
subjected to the repeated direct arc withstand ¢est concerned. In those cases, the test rg
shall include reference to the invalid tests.

7.104.6 Criteria to pass the test

The DC transfer switch shall pass the direct arc withstand test if the required number of ope
operfations were performed successfully without damage, and it is capable of opening
closing normally after the testsThis will be confirmed by checks of mechanical characteris
resigtant of main circuit, dielectric withstand capability and a visual inspection of switching u

NOTH After the direct arc withstand tests, the current commutation capability can be impaired due to the in
pollution.

The [mechanical_travel characteristic and the opening and closing time before and after
shal| be compared.

Test current: rated transfer current;
Operating sequence: O — ¢t — C;

Time intervals ¢: assigned by the manufacturer;

ime duration of the arc: not less than T,,,;
operation cycle (O — ¢t — C) at minimum functional pressure for operation;

operation cycle (O — ¢t — C) at filling pressure for operation;

7))

how signs of distress;
how harmful interaction to earth;

7))

)}

how harmful interaction with adjacent laboratory equipment;
gxhibit behavior which could endanger an operator.

he difference of opening and closing time at rated condition after test is within the |
iven-by the manufacturer.

(0 1

e to
vitch
port

ning
and
tics,
nits.

ernal

test

mits

ha machanical traval charantaricticn far nnanina and Alacina hafara and aftar tact coh
He—Heerareartaver—eriaraete S+ ope g a6 S g etore e ter—esSt5Sn

within an envelope of not more than 10 % around the mechanical reference curve.

The resistance of main circuit before and after test shall be compared.

Il be

The difference of resistance of the main circuit after the test measured according to 7.3.4 shall
be within 100 % of that measured before the test.

The dielectric withstand capability after the direct current transfer test shall be demonstrated.

Dielectric condition check, according to 7.2.11 shall be performed.

The switching units of DC transfer switch shall be inspected.
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For other than sealed for life switching units, visual inspection is usually sufficient for verification
of the capability of the commutation switch to carry the rated continuous current.

8

8.1

Sub¢lause 8.1 of IEC TS 62271-5:2024 is applicable with the following addition:

ene
prod

8.2

Sub¢lause 8.2 of IEC TS 62271-5:2024 is applicable.

8.3
Sub¢lause 8.3 of IEC TS 62271-5:2024 is applicable:

8.4

Sub¢lause 8.4 of IEC TS 62271-5:2024 .isvapplicable.

8.5

Sub¢lause 8.5 of IEC TS 62274-5:2024 is applicable.

8.6
Sub¢lause 8.6 of IEC,TS 62271-5:2024 is applicable.

8.101 Mechanical operating tests

Mechanieal operating tests shall include the following:

a)

b)

c)

Eac:lvg component of DC transfer switches, like commutation switches, reactors, capacifors,

The main contacts shall be in such a condition, in particular with regard to wear, contact
area, pressure and freedom of movement, that they are capable of carrying the rated normal
current of the transfer switch without their temperature rise exceeding by more than 10 K
the values specified for them in Table 10 of IEC TS 62271-5:2024.

Contacts shall be considered as "silver-faced" only if there is still a layer of silver at the
contact points after the test; otherwise, they shall be treated as "not silver-faced".

Routine-tests

General

y dissipation device, etc., shall pass the routine tests specifiedqinlAnnex A or spgcific
uct standards (if available).

Dielectric test on the main circuit

Tests on auxiliary and control circuits

Measurement of the resistance of the“main circuit

Tightness test

Design and visual checks

dt 'maximum supply voltage of operating devices and of auxiliary and control circuits{and
filling pressure for operation (if applicable):

— five closing operations;
— five opening operations.

at specified minimum supply voltage of operating devices and of auxiliary and control circuits
and minimum functional pressure for operation (if applicable):

— five closing operations;
— five opening operations.

at rated supply voltage of operating devices and of auxiliary and control circuits and filling
pressure for operation (if applicable):

— five open-close operating cycles with the closing mechanism energised by the auxiliary
contacts.
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mechanical operation tests shall be performed on the commutation switch and all other

mechanical switching devices inside the DC transfer switch only at the ambient air temperature
of the test location. The ambient air temperature shall be recorded in the test report. Auxiliary

equ

ipment forming part of the operating devices shall be included.

Mechanical operating tests should be made on the complete switching devices. However, when
these switching devices are assembled and shipped as separate units, routine tests may be
performed on components according to 7.101.1.2. In such cases, the manufacturer shall
produce a programme of commissioning tests for use at site to confirm the compatibility of such

sep

For

clos

<

arate units and components when assembled as a complete switching devices.

iall required operating sequences the following shall be performed and records made-of the
ng and opening operations:
measurement of operating times;

here applicable, measurement of fluid consumption during operations, for example
gressure difference.

Prodf shall be given that the mechanical behaviour conforms to that of the test object usefl for
type| testing. For example, a no-load operating cycle, as described in 7.101.1.1, can be
performed to record the no-load travel curves at the end of the routine’tests. Where this is dpne,

the

cha
con
ope

curve shall be within the prescribed envelope of the reference mechanical triavel
racteristic, as defined in 7.101.1.1, from the instant of cantact separation to the end of the
thct travel for an opening operation and from start of movement to contact touch for a clgsing
ration.

Whefre the mechanical routine tests are perforned on sub-assemblies, the refergnce
mechanical travel characteristics shall be confirmed to be correct, as above, at the end of the

commissioning tests on site.

If the measurement is performed on site,sthe manufacturer shall state the preferred measudring
procedure. If other procedures are usedsthe results may be different and the comparison of the

inst

sim
the

of th

The |mechanical travel characteristics can be recorded directly, using a travel transduc’I;r or

gdntaneous contact stroke may be impossible to achieve.

rive to the contact system where there is a direct connection, and a representative image

i[r device on the DC trangfer switches contact system or at other convenient locations on
contact stroke canbe achieved. The mechanical travel characteristics shall be prefefably

a cofptinuous curve -Where the measurements are taken on site, other methods may be applied

whidh record points-ef travel during the operating period.

In thlese circumstances, the number of points recorded shall be sufficient to derive the timp to,

and

contactspeed at, contact touch and contact separation, together with the total travel time.

Aftetcampletion of the required operating sequences the following tests and inspections shall
be performed (if applicable):

connections shall be checked;

the control and/or auxiliary switches shall correctly indicate the open and closed positions
of the DC transfer switches;

all auxiliary equipment shall operate correctly at the limits of supply voltage of operating
devices and of auxiliary and control circuits and/or pressures for operation.
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Furthermore, the following tests and inspections shall be made (if applicable):

— measurement of the resistance of heaters (if fitted) and of the control coils;

— inspections of the wiring of the control, heater and auxiliary equipment circuits and checking
of the number of auxiliary contacts, in accordance with the order specification;

— inspection of the control cubicle (electrical, mechanical, pneumatic and hydraulic systems);

— recharging duration(s);

— functional performance of the pressure relief valve of the operating mechanism;

— operation of electrical, mechanical, pneumatic or hydraulic interlocks and signalling devices;

-

|
«©

9.1
Sub

For
shol

|
a

|
)

9.2
Sub

9.2.1

All 1
cons

9.2.1
The

peration of anti-pumping device;
eneral performance of equipment within the required tolerance of the supply voltage;
nspection of earthing terminals of the DC transfer switches.

Guide to the selection of DC transfer switches (informative)

General

tlause 9.1 of IEC TS 62271-5:2024 is applicable with the following additions:

the selection of DC transfer switches, the following conditions and requirements at
Id be considered:

pplication (MRTS, ERTS, NBS, NBES);
ontinuous current load and overload conditions;
xisting fault conditions;

nvironmental conditions (climate, pollution, etc.);

Ititude of the substation.
Selection of rated values

tlause 9.2 of IEC TS 62271-5:2024 is applicable with the following additions:

01 General

ated characteristies and classes of a DC transfer switch given in Clause 5 shoul
idered.

02 Selection of rated direct voltage of transfer switch and rated insulation leve

rated-direct voltage of transfer switch should be chosen so as to be at least equal tg

site

1 be

the

high

ps{woltage of neutral bus system to be installed. The rated direct voltage of transfer sy

vitch

and insulation level of the neutral bus for different converter station are different. The selected
rated direct voltage of transfer switch and insulation level should meet the engineering

requ

irements.

The rated direct voltage of transfer switch can be selected from the standard values in
subclause 5.101 and their related insulation levels are given in 5.3.

For DC transfer switches installed at high altitudes, refer to 4.2.2 of IEC TS 62271-5:2024.

9.2.103 Selection of rated operating sequence

The operating sequence depends on the specific application of the DC transfer switch in the
system. The rated operating sequence should be selected from those sequences given in 5.105.
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9.2.104 Selection of rated continuous current

The rated continuous current of a DC transfer switch should be selected from the standard
values given in 5.4 of IEC TS 62271-5:2024.

The overload requirements of the HVDC system should be considered when selecting the rated
continuous current.

9.2.105 Selection of rated values of short time withstand current

The rated values of short time withstand current should be selected from those given in 5.5 of
IEC[TS 62271-5:2024.

9.2.106 Selection of rated transfer current

The [rated transfer current should be selected in accordance with 5.102.

9.2.107 Selection of rated commutation voltage
The [commutation voltage of a transfer switch at each location in the system is determined by

its g¢nergy dissipation branch. This value can be determined by simulation of cufrent
commutation process.

The [commutation voltage is normally lower than the protection level of the surrounding spurge
arregters where DC transfer switch is installed.

The rated commutation voltage for a specific DC transfer switch shall be equal to or higher than
the mmaximum commutation voltage determined dby)simulation.

9.3 Cable-interface considerations

Sub¢lause 9.3 of IEC TS 62271-5:202445 applicable.

9.4 | Continuous or temporary overload due to changed service conditions

Sub¢lause 9.4 of IEC TS 62271-5:2024 is applicable.

9.5 | Environmental-aspects

Subg¢lause 9.5 of fEC' TS 62271-5:2024 is applicable.

9.101 Selection of the application
9.10/1.1 ‘MRTS

The MRTS forms part of the elecirode Tine circuit (earth refurn) in a HVDC system with both
earth and metallic returns. For current transfer purpose, it starts from the closed position and
transfers current from earth return to metallic return through its coordinated opening operation
with the ERTS. In the sequence, the ERTS closes first from its original open position, which
results in current transfer from the earth return to the metallic return. After the current in the
earth return reaches new steady state, the MRTS opens, which completes the current transfer
from electrode line (earth return) to metallic return. Figure 7 shows the equivalent circuit where
the MRTS is defined.
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9.101.2 ERTS

The ERTS forms part of metallic return in a HVDC system with both earth and metallic returns.
For current transfer purpose, it starts from the closed position and transfers current from
metallic return to earth return through its coordinated opening operation with the MRTS. In the
sequence, the MRTS closes first from its original open position, which results in current transfer
from the metallic return to the earth return. After the current in the metallic return reaches new
steady state, the ERTS opens, which completes the current transfer from metallic return to
electrode line (earth return). Figure 7 shows the equivalent circuit where the ERTS is defined.

Igc U 'd 1
MRTS
IRTS ——
—
IH| o o - -
G MRTS ReL LeL Ree Re Le Ree Ley ReL
UerTs
lgrTs —
— 00 L f I
UNl ERTS Ry Ly

IEC

EL [electrode line
EE [electrode earth

metallic return

M

E earth return
C surge capacitor
N Neutral bus

Figure 7 — Equivalent transfer circuit of MRTS and ERTS

9.1011.3 NBS

At af earth fault within_the converter in one pole during normal bipolar operation, the faulty [pole
is blpcked with by-pass pairs. The NBS is used to transfer direct current which is generateld by
the ¢perating pote flowing through the short-circuit point and the blocked pole to the electfode
line.|Figure 8-shows the equivalent transfer circuit of the NBS.



https://iecnorm.com/api/?name=ebe5713e6e44d8f748af7830a1a75cb3

- 54 — IEC TS 62271-315:2025 © |IEC 2025

Pole 2 —
Idc
NBS To another station

IEC

EL [lectrode line
EE [lectrode earth
N neutral bus

E earth return
Cc

surge capacitor

L eakage inductance of surge capacitor

Figure 8 — Equivalent transfer/circuit of NBS

9.10{1.4 NBES

The [NBES is used to prevent bipolar operation from stopping and blocked and improvs
reliapility of HVDC transmission system. When the electrode line is open, the neutral

the
bus

voltgge rises because of the unbalanced current. The NBES is closed to provide converter

statipn temporary earth. The system could continue operating in bipolar mode. When

the

elecfrode line can be used again, the NBES transfers the current from the converter station

earth to the electrode line. Figure:9.8hows the equivalent transfer circuit of the NBES.

NOTHE The NBES can also be usgd\when a fault occurs on one pole during bipolar operation and supports the
to isojate the faulted pole by sharing the current.

NBS
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Pole 1 « ®
lgct

_ To another station
leL=lge1 —lacz  RgL LeL Ree

o * - :|_-_|:|_H4 '”ﬁ

Cs Cs
uy | \°
E N o NBES
Ls Ls T |
NBES

Pole 2

Re e L

[ .=

L] L s
Key
EL [lectrode line
EE [lectrode earth
N neutral bus
E earth return
C, [urge capacitor
L eakage inductance of surge capacitor

Figure 9 — Equivalent transfer<€ircuit of NBES

10 |nformation to be given with enquiries, tenders and orders (informative)
10.1] General

Sub¢lause 10.1 of IEC TS 62271-5:2024is applicable.

10.2] Information with enquiries.and orders

Sub¢lause 10.2 of IEC TS 62271-5:2024 is applicable with the following addition:

When enquiring for or @rdering a transfer switch, the following particulars should be sup
by the enquirer:

a)

b)

particular ofssystems, i.e. normal and highest voltages, normal and maximum contin
durrents. Unusual characteristics of the system in which the transfer switch is to be ap
ghould be_noted;

eryice ‘conditions including minimum and maximum ambient air temperatures, altitu

7))

blied

lous
blied

de if

qvefr/1 000 m and any special conditions likely to exist or arise, for example uny

sual

XpOSUre t0 Water vapour, moisture, TUmes, exXpiosiVeE gases, eXcessive dust or sal
seismic activity

characteristics of transfer switch.

The following information should be given:

1) indoor or outdoor installation;

2) type and class of transfer switch as defined in Clause 3;

3) current transferring capability: unidirectional or bidirectional;
4) rated direct voltage of transfer switch (5.101);

5) rated insulation level (5.3);

6) rated continuous current (5.4);

7) rated values of short-time withstand current (5.5);

air,
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8) rated transfer current (5.102);

9) rated commutation voltage (5.103)

1
1
1
1
1

0
1
2
3
4)the type tests required on special request.

rated dissipated energy during transfer operation (5.104)
rated operating sequence (5.105);
rated open-close time (5.106);

~— ~— ~— ~—

class of mechanical endurance (6.102.6);

d) characteristics of the operating mechanism of transfer switch and associated equipment, in

H
1

D)

(&%)

[éx]

e) r
d

The
influ

10.3
Sub

articutar.
method of operation;
number and type of spare auxiliary switches;

rated supply voltage and rated supply frequency;

)
)
)
) number of releases for opening, if more than one;
) number of releases for closing, if more than one.

f pressure vessels.

bnce the tender or order (see also the note in 9.101).

Information with tenders

tlause 10.3 of IEC TS 62271-5:2024 is applicable with the following addition.

equirements concerning the use of compressed fluids and requirements for design and test

enquirer should give information of any special conditiods not included above, that might

Wheln the enquirer requests technical particutars of a transfer switch, the following information,

if ap

a) r
1

(&%) D)

[éx]

g

g

hted values and characteristics:

rated direct voltage of.transfer switch (5.101);
rated insulation level~5.3);

rated continuous-current (5.4);

rated transfer current (5.102);
rated(Commutation voltage (5.103)

rated dissipated energy during transfer operation (5.104)

9

)
)
)
)
) rated valuesofshort-time withstand current (5.5);
)
)
)
)

fated operating sequence (5.105);

plicable, should be given by the manufacturer, with any explanatory text and drawingg:

indoor or outdoor installation; type and class of transfer switch as defined in Clausg 3

1
1
1

O)rated open-close time (5.106);
1) class of mechanical endurance (6.102.6);
2)cooling down time of energy dissipation device.

b) type tests

List of certificates or report on request, including the special tests requested by the inquirer;
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c)

d)

e)

constructional features:
The following details are required where they are applicable to the design:

1) mass of complete transfer switch without fluids for insulation, and transfer switching

operation;

2) mass/volume of fluid for insulation, its quality and operating range, including
minimum functional value;

the

3) mass/volume of fluid for transfer switching operation (where different fluid to items 2)

and/or 4)), its quality and operating range, including the minimum functional value;

4) mass/volume of fluid for operation (where different fluid to items 2) and/or 3)), its quality

and operating range, including the minimum functional value;
8) tightness qualification;

g§) mass/volume of fluids per pole to fill to a level sufficient to prevent deterioratig
internal components during storage and transportation;

71) number of units in series;
g8) minimum clearances in air:
— toearth

— the safety boundaries during a switching operation for transfer switches with exte
exhaust for ionised gasses or flame;

perating mechanism of transfer switch and associated,equipment:

=__ 0

) type of operating mechanism;

) whether the transfer switch is suitable for tripsfree or fixed trip operation and wheth
is provided with lock-out preventing closing;

D)

3) rated supply voltage and/or pressure ‘@fclosing mechanism, pressure limits w
different to or expanding data requireddn c) 4) of 10.3;

4) current required at rated supply voltage to close the transfer switch;

) energy expended to close the'dransfer switch, for example measured as a fq

pressure;
g) rated supply voltage of releases for opening;

1) current required at rated supply voltage for releases for opening;
8) number and type of spare auxiliary switches;

9) current requiredyat rated supply voltage by other auxiliaries;

10) setting of high'and low pressure interlocking devices;
11) number of-releases for opening, if more than one;
12) number of releases for closing, if more than one.
gqverall)dimensions and other information:

n of

rnal

er it

here

Il in

ions

he manufacturer should give the necessary information as regards the overall dimen
of the transfer switch and details necessary for the design of the foundation.

General information regarding maintenance of the transfer switch and its connections should
be given.
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11 Transport, storage, installation, operating instructions and maintenance
Clause 11 of IEC TS 62271-5:2024 is applicable with following addition.
Subclause 11.5.1 of IEC TS 62271-5:2024 is applicable with following addition.

After a reclosing operation with arcing (in case of failed commutation operation), the current
commutation capability may be impaired due to the internal pollution. In such cases, early
maintenance becomes necessary.

12 Bafety

Clause 12 of IEC TS 62271-5:2024 is applicable.

13 |nfluence of the product on the environment

Clayse 13 of IEC TS 62271-5:2024 is applicable.
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Annex A
(normative)

Test requirements for components of DC transfer switches

A.1  Commutation switch
The type test requirements given in Clause 7, except 7.103, are applicable for commutation
switches.
NOTE DC commutation switch normally cannot complete DC commutation test alone.
The [routine test requirements given in 8.2 to 8.101 are applicable for commutation:switches.
A.2( Making switch
The [type test requirements given in Clause 7, except those of 7.4,4,7.103 and 7.104, are
appljcable for making switches.
The [routine test requirements given in 8.2 to 8.101 are applicable for making switches.
A.3| Commutation capacitor
Test| requirements in IEC 60871 are applicable for commutation capacitor with the following
addition.
For the commutation capacitors in passive circuit which will not be exposed to any contintious
voltgge stresses, the equivalent AC rafed voltage of commutation capacitors (Ug) coulfl be
calculated according to the following-equation:
U = Yuw
4,3xS
whefre
U L is the lightriing impulse withstand voltage level across open terminals of DC transfer
swithcess
S is the"Tnumber of capacitor units in series.
Since the capacitors in passive DC transfer switches are not subjected to any continuous duty,

the 1|ollowing type tests as specified in IEC 60871-1 do not apply to commutation capacito

rs of

passive DU Transter switches:

— thermal stability test;

— measurement of capacitance and tan 6 at elevated temperature;

— aging test.
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A.4 Energy dissipation device

Test requirements in IEC 60099-9 are applicable for energy dissipation devices in DC transfer
switches with the following addition.

Since the energy dissipation device is not subjected to any continuous duty, the following type
tests as specified in [IEC 60099-9 do not apply to the energy dissipation device:

— steep current impulse residual voltage test;

— test to verify long term stability under continuous operating voltage;

— Heat dissipation behaviour of test sample;

— tpst to verify the thermal energy rating, Wy,.

The [test to verify the repetitive charge transfer rating (Q,s) for MRTS and ERTSrarresters shall

be made by applying two consecutive energy impulses per group. The time-“between ¢ach
enengy impulses in one group shall be less than 60 s and the time between/groups shall be|long
enoygh for the test samples to cool down to ambient temperature. The tests shall be carrigd by
applying a total of 200 impulses in 100 groups. In order to shorten the'testing duration, the| test
enerngy can be raised to 120 % of the required energy in order to reduce the number of impulse
groulps to 50. The test should be performed on three prorated sections without failure.

A.5| Reactor

Test|requirements in IEC 60076-6 are applicable foryreactors in DC transfer switches with the
following addition.

Since the reactor is not subjected to any caontinuous duty, temperature rise test as specifigd in
IEC p0076-6 do not apply to the reactor in DC transfer switch.

A.6| Charging device

A.6.1 Type tests for charging device
A.6.1.1 General

The [following type tests should be considered as minimum for charging device. If necessary,
the qupplier shall prepose additional type tests and submit detailed test procedures for approval.

A.6.11.2 kightning impulse voltage test between terminals and earth

The |lightning impulse voltage test between terminals and earth should be performed with the

stangdard’ lightning impulse 1,2/50 us. The test includes three full voltage impulses and a
redumwmmmmmmmwmmmmﬁrem

under full voltage are same as that of 50 % voltage, the device is considered to have passed
the test successfully.

A.6.1.3 DC polarity reversal test (dry) with partial discharge measurement

During the test, positive polarity test voltage should be applied to the negative terminal and
negative polarity should be applied to the positive terminal. As a result, the voltage on the
unconnected terminal is equal to the test voltage plus the rated voltage between terminals.
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