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This third edition cancels and replaces the second edition published in 2011 and constitutes a
technical revision.

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

a)
b)

c)

d)

environmental conditions aligned with IEC 62040-1:2017 (UPS safety requirements);

compliance requirements included in all sub-clauses referenced in Table 5 UPS test
schedule;

non-linear step load is no longer a type test and was removed from 6.4 in consistency with
requirements for switch mode power supplies incorporating inrush current controls; this
resulted in the performance classification coding being shortened from 8 to 7 characters

(see

5.3.4);

free-fall test aligned with ISO 4180 (see 6.5.1.3);
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e) multiple normal mode UPS test requirements introduced,;

f) non-linear load requirements relaxed in Annex E in consistency with requirements for switch
mode power supplies complying with the applicable limits for harmonic current in

IEC

61000-3-2 and IEC 61000-3-12;

g) minimum UPS efficiency values referenced in Annex | became normative and are based on
active output power rating and utilisation of weighting factors rather than on allowances

relat

ed to isolation transformers, input harmonic current filters and input voltages.

The text of this International Standard is based on the following documents:
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UNINTERRUPTIBLE POWER SYSTEMS (UPS) —

Part 3: Method of specifying the performance and test requirements

1 Scope

This part of IEC 62040 establishes the performance and test requirements applied to movable,
stationary and fixed electronic uninterruptible power systems (UPS) that

e are
o deliy
e inco
e havd
This do
applicah

units fd
contrad

UPS ar
megawsa
Refer to

This doq
that intg

This dog

e cony
e stan
e rotal
e DC

NOTE 1

represent|
aimed at
manufact

supply of

supplied from AC voltage not exceeding 1 000 V,
er AC output voltage not exceeding 1 000 V,
[porate an energy storage device not exceeding 1 500 V DC, and

a primary function to ensure continuity of load power.

cument specifies performance and test requirements of a-complete UPS and
le, of individual UPS functional units. Requirements for the-individual UPS fu
und in IEC publications listed in the Bibliography apply“so far that they ar
ction with this document.

b developed for a wide range of power, frof tess than hundred watts to
tts, to meet requirements for availability and\quality of power to a variety o
Annex A and Annex B for information on typical UPS configurations and topol

ument also includes UPS performance and test requirements related to UPS s
ract with UPS functional units to maintain continuity of load power.

ument does not cover

entional AC and DC distribution boards and their associated switches,
d-alone static transfer systems covered by IEC 62310-3,

y UPS covered hy\\EC 88528-11, and

UPS coveredby-fEC 62040-5-3.

This document recognises that continuity of load power to information technology (IT) 4
5 a major\UPS application. The UPS output characteristics specified in this document are ther
ensuring=ecompatibility with the requirements of IT equipment. This, subject any limitation sta
rer’s. déeclaration, includes requirements for steady state and transient voltage variation as well
both Jinear and non-linear load characteristics of IT equipment.

, Where
ctional
P not in

several
[ loads.
hgies.

iwitches

quipment
bfore also
ed in the
as for the

NOTE 2 Test loads specified in this document simulate both linear and non-linear load characteristics. Their use
permits verification of the performance declared by the manufacturer while minimising complexity and energy

consumpt

ion during the tests.

NOTE 3 This document is aimed at 50 Hz and 60 Hz applications but does not exclude other frequency applications
within the domain of IEC 60196. This is subject to an agreement between manufacturer and purchaser with respect
to any particular requirements arising.

2 Normative references

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements of this document. For dated references, only the cited edition applies.
For undated references, the latest edition of the referenced document (including any
amendments) applies.

IEC 600

38:2009, IEC standard voltages
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IEC 60068-2-1:2007, 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 60068-2-27:2008, Environmental testing — Part 2-27: Tests — Test Ea and guidance: Shock

IEC 60068-2-78:2012, Environmental testing — Part 2-78: Tests — Test Cab: Damp heat, steady
state

IEC 60146-1-1:2009, Semiconductor converters — General requirements and line commutated
converters — Part 1-1: Specification of basic requirements

IEC 601}46-2:1999, Semiconductor converters — Part 2: Self-commutated semicgqnductor
converters including direct d.c. converters

IEC 60364-1, Low-voltage electrical installations — Part 1: Fundamental principles, asséssment
of general characteristics, definitions

IEC 60364-5-52, Low-voltage electrical installations — Part 5-52;7"Se€lection and erelction of
electricgl equipment — Wiring systems

IEC 60664-1:2020, Insulation coordination for equipment within low-voltage supply sygtems —
Part 1: Principles, requirements and tests

IEC TR p0721-4-3:2001, Classification of environmental conditions — Part 4-3: Guidance for the
correlatijon and transformation of environmental condition classes of IEC 60721-3 to the
environmental tests of IEC 60068 — Stationary,use at weatherprotected locations
IEC TR 60721-4-3/AMD1:2003

IEC 61000-2-2:2002, Electromagnetic~, compatibility (EMC) - Part 2-2: Environment -
Compat|bility levels for low-frequency-conducted disturbances and signaling in public low-
voltage power supply systems

IEC 61000-2-2:2002/AMD1:20%7
IEC 61000-2-2:2002/AMD2:2018

IEC 61000-3-2:2018, Eleetromagnetic compatibility (EMC) — Part 3-2: Limits — Limits for
harmonic current emissions (equipment input current < 16 A per phase)

IEC TS p1000-3-4:1998, Electromagnetic compatibility (EMC) — Part 3-4: Limits — Limitation of
emission of harmonic currents in low-voltage power supply systems for equipment with rated
current preater than 16 A

IEC 61000-3-12:2011, Electromagnetic compatibility (EMC) — Part 3-12: Limits — Limits for
harmonic currents produced by equipment connected to public low-voltage systems with input
current > 16 A and < 75 A per phase

IEC 62040-1:2017, Uninterruptible power systems (UPS) — Part 1: Safety requirements

IEC 62040-2:2016, Uninterruptible power systems (UPS) - Part 2: Electromagnetic
compatibility (EMC) requirements

ISO 3744:2010, Acoustics — Determination of sound power levels and sound energy levels of
noise sources using sound pressure — Engineering methods for an essentially free field over a
reflecting plane
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ISO 3746:2010, Acoustics — Determination of sound power levels and sound energy levels of
noise sources using sound pressure — Survey method using an enveloping measurement

surface over a reflecting plane

ISO 4180:2019, Packaging — Complete, filled transport packages — General rules for the
compilation of performance test schedules

3 Terms and definitions

3.1 General

For the oTrpPoOScTS of-this duuuulcnt, the fU”UVV;IIU terms—ard-defiitions CI.|J|J=_y.

ISO and IEC maintain terminological databases for use in standardization atthe fpllowing
addresses:

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

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

NOTE In

this document,

IEC 60050 definitions are

referenced wherever

possible,

particularly

those of

IEC 60050-551. When an existing IEC 60050 definition needs amplification or additional information, this islindicated
by adding|the word "modified" after the IEC 60050 reference.

Table 1|provides an alphabetical cross-reference listing oef\terms.

Table 1 — Alphabetical list of terms

Term Term Term
Term number Term number Term umber
AC inpuf power 3.2.8 AC input power failure 3.3.1 active power 315.30
P
ambient|temperature 3.5.56 apparent power 3.5.31 asynchronous transfer 313.14
S
automat|c 3.3.11 hattery 3.2.19 battery ripple current 313.18
bidirectipnal converter 3.2.16 bypass 3.2.29 bypass mode 313.9
charger 3.2.2¢ charger current limit 3.5.29 continuity of load 313.5
power
convertgr 3.2.12 current limit 3.5.27 cut-off voltage 315.55
convertgr
DC link 3.2.17 deviation 3.5.5 displacement power 315.41
factor
electron|c\power 3.2.25 efficiency 3.5.57 energy storage device 312.18
switch
fixed UPS 3.4.3 flywheel energy 3.2.22 frequency variation 3.5.46
storage system
UPS functional unit 3.2.13 harmonic component 3.5.51 harmonic content 3.5.52
functional unit
high impedance failure | 3.3.3 hybrid power switch 3.2.27 individual harmonic 3.5.50
distortion
input frequency 3.5.47 input power factor 3.5.42 input voltage tolerance | 3.5.14
tolerance band band
inrush current 3.5.25 instantaneous voltage 3.5.11 UPS inverter 3.2.15
variation inverter
inverter current limit 3.5.28 light load 3.2.38 linear load 3.2.33
load 3.2.31 load power factor 3.5.43 load sharing 3.5.37
low impedance failure 3.3.4 mains 3.2.9 maintenance bypass 3.2.28
switch
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Term Term Term
Term number Term number Term number
manual 3.3.10 maximum input current | 3.5.24 mechanical power 3.2.26
switch
movable UPS 3.4.1 multiple normal mode 3.3.7 nominal 3.5.3
UPS
non-linear load 3.2.34 non-sinusoidal output 3.5.18 normal mode 3.3.6
voltage
output current 3.5.26 output frequency 3.5.48 output voltage 3.5.15
tolerance band
output voltage 3.5.16 overload capacity 3.5.38 parallel redundant UPS | 3.2.7
tolerance band
parallel UPS 3.2.4 periodic output voltage | 3.5.22 phase angle 315.39
modulation
polyphase 3.2.10 port 3.2.11 power factor 315.40
rated apparent power 3.5.32 rated current 3.5.13 rated frequency. 315.44
of the equipment
Sequ
rated frequency 3.5.45 rated input current 3.5.23 rated load 312.32
tolerancg band
rated oufput active 3.5.36 rated output apparent 3.5.35 rated 315.1
power power
rated vo|tage 3.5.12 rating 3.5¢2 recovery time 315.10
UPS rectifier 3.2.14 redundant UPS 32.5 reference non-linear 312.35
rectifier load
referencge test load 3.2.36 reliability integrity level | 3.3.19 restored energy time 315.54
RIL
RMS value 3.5.7 RMS voltage vatiation 3.5.8 routine test 313.16
RMS
seconddry battery 3.2.20 service life 3.3.17 short-circuit power 315.33
SSC
short-circuit ratio 3.5.34 single UPS 3.2.3 sinusoidal output 315.17
Rsce voltage
standby [redundant 3.2.6 static bypass switch 3.2.30 stationary UPS 314.2
UPS
steady gtate 3.5.9 step load 3.2.37 stored energy mode 313.8
stored ephergy time 3.5.53 supply impedance 3.3.2 synchronization 313.12
synchrofpous transfer 3.3.13 tolerance band 3.5.4 total harmonic 315.49
distortion
THD
transfer |switeh 3.2.24 transient 3.5.6 type test 313.15
unbalance ratio 3.5.21 unbalanced load 3.5.20 uninterruptible power 3.2.1
system
UPS
UPS switch 3.2.23 UPS unit 3.2.2 voltage unbalance 3.5.19

3.2 Systems and components

3.2.1

uninterruptible power system

UPS

combination of converters, switches and energy storage devices (such as batteries),
constituting a power system for maintaining continuity of load power in case of AC input
power failure
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3.2.2

UPS unit

assembly consisting of at least one of each of the following UPS functional units:
e UPSinverter;

e UPS rectifier, and/or a charger,;

e energy storage device (or means for connection to one)

3.2.3

single UPS
UPS comprising only one UPS unit

3.2.4
parallell UPS
UPS comprising two or more UPS units operating together for the purpose of sharing {he load

3.2.5
redundant UPS
UPS that has additional UPS units and/or additional UPS functionalcunits for the pufpose of
improving the continuity of load power

3.2.6
standby redundant UPS
redundant UPS in which one or more UPS unit(s) or URS functional units are held in[reserve
until one or more UPS unit(s) or UPS functional unit(s) fail

3.2.7
parallellredundant UPS
parallel JUPS that is also a redundant UPS

3.2.8
AC input power
external electrical power suppliedyto the UPS and, subject to satisfying the UPS output
specification, to any bypass cifcuits

Note 1 tolentry: The AC input-power is usually the mains or a private low-voltage power supply system

3.2.9

mains
public low-voltage‘power supply system with characteristics as detailed in IEC 61000{2-2, or,
for induptrial applications, non-public industrial low-voltage power supply system with| class 3
characteristics'as detailed in IEC 61000-2-4

3.2.10
polyphase
<circuit> circuit comprising more than one phase conductor

Note 1 to entry: Typical polyphase circuits include three-phase, bi-phase, split-phase circuits.

3.2.11

port

access to a device or network where electromagnetic energy or signals may be supplied or
received or where the device or network variables may be observed or measured

Note 1 to entry: Examples of ports include sockets and a group of terminals.

[SOURCE: IEC 60050-131:2002, 131-12-60, modified — Word "sockets" added to example in
Note 1 to entry, which has also been rephrased.]
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3.2.12

converter

convertor

<electronic power conversion> unit for electronic power conversion, comprising one or more
electronic valve devices, transformers and filters if necessary and auxiliaries if any

Note 1 to entry: In English, the two spellings "converter" and "convertor" are in use, and both are correct.

[SOURCE: IEC 60050-551:1998, 551-12-01, modified — "(electronic) (power)" deleted from
term, <electronic power conversion> added as domain.]

3.2.13

UPS fupetirorattit

functiopal unit

UPS sub-system, for example, a UPS rectifier, a UPS inverter or a UPS switch

3.2.14
UPS regtifier
rectifie
convertler that changes single-phase or polyphase alternating” electric currgnts to
unidirectional current

[SOURCE: IEC 60050-551:2001, 151-13-45, modified — Word)*'UPS" added to term ahd word
"electrid energy converter" replaced by "converter" in the definition.]

3.2.15
UPS inyerter
inverter
converfler that changes direct electric currént to single-phase or polyphase altprnating
currentg

[SOURCE: IEC 60050-551:2001, 151-:13-46, modified — Word "UPS" added to term ahd word
"electrid energy converter” replacedlby "converter".]

3.2.16
bidirectional converter
convertler which has the functions of both a rectifier and an inverter, and which can|reverse
the flow|of power from(AC to DC and vice-versa

3.2.17
DC link
DC powgr interconnection between the rectifier and the inverter functional units

Note 1 to entry: _The voltage of the energy storage device can differ from that of the DC TnK.

Note 2 to entry: The DC link can include converters.

3.2.18

energy storage device

system consisting of a single or multiple devices designed to provide power to the UPS inverter
for the required stored energy time

Note 1to entry: Examples of energy storage devices include, but are not limited to, battery, double-layer capacitor
("super" or "ultra" capacitor) and flywheel energy storage systems.

3.2.19
battery
set of electrochemical cells of the same type so connected as to act together
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[SOURCE: IEC 60050-151:2001, 151-12-11, modified — Words "bank" and "off" deleted from
the term, word "devices" replaced by "electrochemical cells" and note deleted.]

3.2.20
secondary battery
battery that is rechargeable by way of a reversible chemical reaction

3.2.21

charger

converter that provides DC power to an energy storage device for the purpose of increasing
or maintaining the amount of stored energy

3.2.22
flywhegl energy storage system
mechanjcal energy storage device wherein stored kinetic energy can be converted-to glectrical
energy @luring stored energy mode

3.2.23
UPS switch
controllable switch used to interconnect or isolate power ports of UPS units, bypass|or load
for conffinuity of load power

Note 1 tolentry: Annex C details UPS switch applications.

3.2.24
transfef switch
UPS swiitch used to convey power from one of two<or more sources

3.2.25
electromic power switch
UPS swiitch comprising at least one controllable electronic valve device

Note 1 tolentry: A static bypass switch istan example of an electronic power switch.

[SOURCE: IEC 60050-551:1998,)551-13-01, modified — Words "an operative unit for electronic
power switching" replaced by "UPS switch" and Note 1 to entry added.]

3.2.26
mecharnical power.switch
UPS swjitch with physical separation between contacts

hybrid power switch
UPS S\ gt by A lwsoinal oo aro Hion - haoatwiaaon oontantce 1 ~apa i adi s a1 o t n
\AARYANI VVTLTT lJIIyQI\lOI.I OC'J(AIOI.I.IUII UCLVWTTTIT CUTTIALV IO LLILI \YAVARREVARRECUN AV ]| VVILTT at LAY S 0 e

controllable electronic valve device

3.2.28

maintenance bypass switch

UPS switch designed to maintain continuity of load power via an alternative path during
maintenance activities

3.2.29

bypass

alternative power path provided to maintain continuity of load power when the normal path
cannot be used

3.2.30
static bypass switch
electronic power switch, typically internal to the UPS, used to enable the bypass mode
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3.2.31
load
device or condition intended to absorb power supplied by the UPS and defined by the equations

Z=U/I

S=U2/z2=2x12

where

Z is the load impedance [Q];

S |S th., QlJlJGlICIIt [JUVVCI [‘VIA],
U is thp UPS output voltage [V];
I is thp current flowing through the load [A]

3.2.32
rated lgad
value of load used for specification purposes, generally established:by a manufactuter for a
specifiefd set of operating conditions of a component, device, equipment, or system

Note 1 tolentry: The rated load is expressed in apparent power [VA] and*active power [W] resulting i a power
factor of the rated load that includes the effect of any applicable combipation of linear and of non-linear{load

3.2.33
linear Ipad
load wherein the parameter Z (load impedance) is<a_constant

3.2.34
non-lingar load
load wherein the parameter Z (load impedance) is a variable dependent on other parameters,
such as|voltage or time

3.2.35
reference non-linear load
non-lingar load constructed, rated and applied in accordance with Annex E

3.2.36
reference test load
load at yhich the URS delivers its rated output active power

Note 1 tolentry: ‘This definition permits, when in test-mode and subject to local regulations, the UPS output power
to be retufned.te’the AC input power port.

3.2.37
step load
instantaneous addition or removal of electrical loads to a power source

3.2.38

light load

load that, for practical and/or cost reasons, is limited to a low value when the load level is not
relevant for performing a test, for example to 10 % of the reference test load value

3.3 Performance of systems and components

3.3.1
AC input power failure
variation in the AC input power which could cause the UPS to operate in stored energy mode
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3.3.2
supply impedance
impedance of the power source supplying a port or a device

Note 1 to entry: Examples of supply impedance include that of the AC input power source supplying the input
port of a UPS and that of a converter supplying the output port of a UPS.

3.3.3
high impedance failure
failure in which the power source is disconnected from the port or device it normally supplies

3.3.4
low impedance failure

failure in which the power source is short-circuited at the port or device it normally supplies

3.3.5
continufity of load power

set of electrical conditions required for proper operation of the load including
a) voltage tolerance band,

b) freqliency tolerance band,

c) voltage distortion limit, and

d) power interruption time limit

3.3.6
normal mode
<UPS operation> stable mode of operation that the UPS attains under the following comnditions:
a) AC input power is within the specified tolerance band,;

b) enelgy storage device is connected aftd charged or is under recharge;
¢) load is within the specified rating;

d) bypass, if applicable, is within the specified tolerance band.

3.3.7
multipl¢ normal mode UPS

UPS thpt provides a manually selectable and/or automatically determined set pf input
dependéncy characteristies when operating in normal mode

Note 1 tolentry: Typical'sets of declared input dependency characteristics supported by a multiple norfnal mode
UPS include: (VFD{V\,*VFI), (VFD, VI), (VFD, VFI) and (VI, VFI).

3.3.8
stored ¢nergy mode
<UPS operation>—statte mode of operatiom thrat thre P Sattaims umder thefottowimgtonditions:

a) AC input power is disconnected or is out of the specified tolerance band;
b) all power is derived from the energy storage device;

c) load is within the specified rating.

3.3.9

bypass mode

<UPS operation> temporary mode of operation that the UPS attains when the load is supplied
via the bypass, resulting from abnormal conditions or a command
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3.3.10
manual
<contro

I> control of an operation by human intervention

[SOURCE: IEC 60050-441:1984, 441-16-04, modified — Word "control" deleted from term and
added as domain.]

3.3.11

automatic
<control> control of an operation without human intervention, in response to the occurrence of

predete

rmined conditions

[SOURCE: IEC 60050-441:1984, 441-16-05, modified — Word "control" deleted from\t
added gs domain.]

3.3.12

synchronization

adjustm
angle

3.3.13

ent of an AC power source to match another AC power source in.ffrequency an

synchrgonous transfer

transfer

within the voltage and frequency tolerance bands and phase angle differ

declared by the manufacturer

3.3.14
asynch
transfer

3.3.15

type tesgt

fonous transfer
that is not a synchronous transfer

conformlity test made on one or more items representative of the production

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

3.3.16
routine

test

conformlity test made\en each individual item during or after manufacture

[SOURCE: IEC\60050-151:2001, 151-16-17]

3.3.17
service

erm and

] phase

ence as

lite

<of a battery> period of useful life of a battery under specified conditions

[SOURCE: IEC 60896-21:2004, 3.26, modified — Words "of a battery" added as domain.]

3.3.18
battery
superim

ripple current
posed effective (RMS) alternating component of the battery current
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3.3.19

reliability integrity level

RIL

probability of UPS output power failure per hour in high demand or continuous mode of
operation along with a discrete level for specifying the integrity requirements of the functions to
be allocated to the UPS, where RIL level 1 has the lowest level of integrity and RIL level 4 has
the highest

Note 1 to entry: The target failure rates for the four reliability integrity levels for UPS are specified in Annex K.

Note 2 to entry: High demand mode of operation means that the integrity is challenged more than once per year,
for example AC input power failure is deemed to occur more than once per year. See Annex K.

3.4 Eguipmentmobitity

3.4.1
movable UPS
UPS that is either 18 kg or less in mass and not a fixed UPS, or a UPS with.wheels, cgstors or
other means to facilitate movement as required to perform its intended use

3.4.2
stationary UPS
UPS that is not movable UPS

3.4.3
fixed UPS
UPS that is fastened or otherwise secured in a specific location

3.5 Ypecified values

3.5.1
rated
<value> value of a quantity used for specification purposes, generally establishgd by a
manufagturer for a specified set of operating conditions of a component, device, equipment, or
system

[SOURCE: IEC 60050-151:2001, 151-16-08, modified — Word "value" deleted from t¢rm and
added as domain, words “generally" and "by a manufacturer" added to the definition.]

3.5.2
rating
set of rated values and operating conditions

[SOURCGES/AEC 60050-151:2001, 151-16-11]

3.5.3

nominal

<value> value of a quantity used to designate and identify a component, device, equipment, or
system

Note 1 to entry: The nominal value is generally a rounded value.

[SOURCE: IEC 60050-151:2001, 151-16-09, modified — Word "value" deleted from term and
added as domain.]

3.5.4
tolerance band
range of values of a quantity within limits specified by the manufacturer
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3.5.5

deviation

difference between the actual value and the desired value of a variable quantity at a given
instant

Note 1 to entry: This entry was numbered 351-21-04 in IEC 60050-351:2006.

[SOURCE: IEC 60050-351:2013, 351-41-04]

3.5.6
transient
behaviour of a variable quantity during transition between two consecutive steady states

Note 1 tolentry: This entry was numbered 351-24-07 in IEC 60050-351:2006.

[SOURCE: IEC 60050-351:2013, 351-45-08, modified — Word "behaviour" deleted fronf term.]

3.5.7
RMS value
RMS
for a time-dependent quantity, positive square root of the mean'value of the squarg of the
guantity| taken over a given time interval

Note 1 tolentry: The root-mean-square value of a periodic quantity is_asually taken over an integration irjterval the
range of Wwhich is the period multiplied by a natural number.

Note 2 tolentry: For a sinusoidal quantity a(t)=Acos(w t+9,), thexreot-mean-square value is Ay = A2.

Note 3 tolentry: The root-mean-square value of a quantity(may be denoted by adding one of the subscrjpts eff or
rms to thg symbol of the quantity.

Note 4 to|entry: In electrical technology, the root-miean-square values of electric current i(t) and voltage u(t) are
usually d¢noted | and U, respectively.

Note 5 to| entry: The abbreviation RMS was-formerly denoted as r.m.s. or rms, but these notationg are now
deprecatdg

o

[SOURCE: IEC 60050-103:2017, 103-02-03, modified — Words "root-mean-squafe" and
"effectie value" deleted from term, and domains deleted.]

3.5.8
RMS valtage variation
differengce betweén-the RMS voltage and the corresponding previously undisturbgd RMS
voltage

3.5.9
steady state
state of a physical system in which the relevant characteristics remain constant with time

Note 1 to entry: A state under periodic conditions is often considered as a steady state.

[SOURCE: IEC 60050-103:2009, 103-05-01]

3.5.10

recovery time

time interval between a step change in one of the control or influence quantities and the instant
when the stabilized output quantity returns to and stays within the steady state tolerance band
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3.5.11

instantaneous voltage variation

difference between an instantaneous voltage and the previous instantaneous voltage one cycle
prior divided by the peak voltage one cycle prior, expressed as a percentage

Note 1 to entry: Refer to Figure H.1 for an example.

3.5.12
rated voltage
input or output voltage assigned by the manufacturer for a specified operating condition

3.5.13
rated cyrrent
input orjoutput current of the equipment assigned by the manufacturer for a specified eperating
condition

3.5.14
input vpltage tolerance band
steady gtate AC input power voltage tolerance band for normal mode aperation

3.5.15
output voltage
RMS vdlue of the voltage at the AC output port of the UPS

Note 1 tolentry: The output voltage is an RMS value unless othefwise specified for a particular test.

3.5.16
output voltage tolerance band
steady [state output voltage tolerance band<with the UPS operating in normal moge or in
stored e€nergy mode

3.5.17
sinusoidal output voltage
output yoltage waveform complying with an applicable compatibility level for harmonic yoltages
in low-vpltage power supply systems

Note 1 tolentry: Refer to Table.8and Table 4.

3.5.18
non-sinusoidal output voltage
output voltage waveform that is not a sinusoidal output voltage

3.5.19
voltage|unbalance
<polyphase circuit> condition in which the RMS values of the phase voltages or the phase
angles between consecutive phases are not all equal

[SOURCE: IEC 60050-161:1990, 161-08-09, modified — Words "voltage imbalance" deleted
from term and "in a polyphase system" in the definition replaced by "polyphase circuit" as a
domain.]

3.5.20

unbalanced load

load as seen by the supply, where the current or power factor differs between any of the
phases
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3.5.21

unbalance ratio
difference between the highest and the lowest RMS values of the fundamental components in
a polyphase circuit, referred to the average between all phases of the RMS values of the
fundamental components of the currents or voltages respectively

[SOURCE: IEC 60146-2:1999, 3.5.15, modified — Words "three-phase a.c. system" replaced by
"polyphase circuit" and "three phases" replaced by "all phases".]

3.5.22

periodic output voltage modulation
periodic variation of the RMS output voltage amplitude at frequencies less than the

fundamd

3.5.23

rated in
<UPS>
input vol

3.5.24

maximy
<UPS>
case inf

3.5.25
inrush
maximu
stored

3.5.26
output

Ental output frequency

put current
RMS current at the AC input port of the UPS while operating in norfmal mode,
Itage, rated load and charging a fully depleted energy storage device

m input current
RMS current at the AC input port of the UPS while opefating in normal mode, ¢
ut voltage, rated load and charging a fully depleted energy storage device

Current
I peak value and time duration of the input current when the UPS transitio
bnergy mode to normal mode with nojload connected

current

RMS vadlue of the current at the AC output port of the UPS

Note 1 to

3.5.27
current
<contro

3.5.28

invertel
ratio of
when a

entry: The output current isTan"RMS value unless otherwise specified for a particular test.

limit
> function that(prevents a current from exceeding its specified value

currentimit
the (UPS output current supplied by the inverter to the rated UPS output
shart-circuit is applied to the output port of the UPS

At rated

It worst-

ns from

current

3.5.29

charger current limit
value of the charger DC output current when the charger is connected to a fully depleted

energy

3.5.30

storage device

active power

P

under periodic conditions, mean value, taken over one period 7, of the instantaneous power p:

-2
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Note 1 to entry: Under sinusoidal conditions, the active power is the real part of the complex power S. Thus P =
Re S.

Note 2 to entry: The Sl unit for active power is watt, W.

[SOURCE: IEC 60050-131:2013, 131-11-42]

3.5.31
apparent power

product of the RMS voltage U between the terminals of a two-terminal element or two-terminal
circuit and the RMS electric current | in the element or circuit

S=UxI

Note 1 tolentry: Under sinusoidal conditions, the apparent power is the modulus of the complex power §, thus S =
ISI.

Note 2 tolentry: The coherent Sl unit for apparent power is voltampere, VA.

[SOURCE: IEC 60050-131:2013, 131-11-41]

3.5.32
rated apparent power of the equipment

Se

qu
value calculated from the rated line current lequ of thelequipment stated by the manufacturer
and the|rated voltage U, (single phase) or U; (interphase) as follows:

a) Sequ = Up % lgqu for single-phase equipment@ahnd the single-phase part of hybrid equipment;

b) Sequ =U; x quu for interphase, for example bi-phase or split-phase equipment;

) Sequl= V3 U; x lequ for balanced three=phase equipment and the three-phase part gf hybrid
equipment;

d) Sequff 3 Up X lequ max for unbalanced three-phase equipment, where lgq,, nax is the maximum

of the RMS currents flowingsin any one of the three phases

Note 1 tolentry: In the case of-awoltage range, Up or U, is the nominal system voltage according to IEC $0038 (for
example: [120 V or 230 V forsingle-phase or 400 V line-line for three-phase).

3.5.33
short-c{rcuit power
SSC
value of the.three-phase short-circuit power calculated from the nominal interphase| system
voltage Uy 5ming @nd the line impedance Z of the system at the PCC.:

Sec = U2 nominal / Z

where

z is the system impedance at the power frequency

Note 1 to entry: PCC means point of common coupling, see IEC 60050-161:1990, 161-07-15.

[SOURCE: IEC 61000-3-12:2011, 3.10, modified — Note 1 to entry added.]

3.5.34
short-circuit ratio

Rsce
impedance relation between a UPS and its AC input power, defined as follows:
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a) Rgce = Sgc / (3 Sgqy) for single-phase UPS;
b) Rsce = Ssc / (2 Sgqy) for bi-phase or split-phase UPS;
C) Rsce = Ssc / Sequ for all three-phase UPS

3.5.35
rated output apparent power
apparent power available at the AC output port of the UPS as declared by the manufacturer

3.5.36
rated output active power
active power available at the AC output port of the UPS as declared by the manufacturer

3.5.37
load shpring
simultaneous supply of power to a load from two or more UPS units

Note 1 tolentry: The share of power provided by each UPS unit is not necessarily equal.

3.5.38
overload capacity
highest Jload which a UPS can maintain during a short period ©f\time with the output voltage
remaining within applicable limits

Note 1 to|entry: The overload capacity is expressed as the ratig_of*output current, over a given time], to rated
output cyrrent.

Note 2 tolentry: Overload capacity is typically required for-load energisation purposes wherein the power factor
is lower than the power factor at rated load.

3.5.39
phase angle
angle between reference points on one~or more AC waveforms

Note 1 tolentry: The phase angle is usually expressed in electrical degrees or radians.

3.5.40
power flactor
under periodic conditions,/ratio of the absolute value of the active power P to the apparent
power §:

Pl

=11
S

Note 1 to entry: Under sinusoidal conditions, the power factor is the absolute value of the active factor.

[SOURCE: IEC 60050-131:2002, 131-11-46]

3.5.41

displacement power factor

ratio of the active power of the fundamental wave to the apparent power of the fundamental
wave

3.5.42

input power factor

power factor at the AC input port of the UPS, while operating in normal mode, at rated input
voltage, supplying the reference test load and with a fully charged energy storage device
connected
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load power factor

power f

3.5.44

actor of the load assuming it is supplied with an ideal sinusoidal voltage

rated frequency
input or output frequency of the equipment assigned by the manufacturer for a specified

operatin

3.5.45

g condition

rated frequency tolerance band
steady state input or output frequency tolerance band

3.5.46
frequen

cy variation

variation of the input or output frequency

3.5.47
input fr
steady {

3.5.48
output
steady 9

3.5.49

pquency tolerance band
tate input frequency tolerance band for normal mode operation

requency tolerance band
tate output frequency tolerance band

total harmonic distortion

THD
ratio of

Note 1 to

3.5.50
individy
ratio of
value o

the RMS value of the sum of the harmonic components X,, of orders 2 to 40 to the
RMS vallue of the fundamental componentX;

THD = f: (ﬁjz

h=2 X1

entry: In this corntext, X, refers to harmonic current or voltage components.

al harmonic distortion
the RMS value of a specific harmonic component X, of orders 2 to 40 to t

the fundamental component X;

he RMS

3.5.51
harmon

ic component

component of the harmonic content as expressed in terms of the order and RMS value of the
Fourier series terms describing the periodic function

3.5.52
harmon

ic content

guantity obtained by subtracting the fundamental component from an alternating quantity

[SOURCE: IEC 60050-161:1990, 161-02-21]
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3.5.53

stored energy time

minimum time during which the UPS, under specified operational conditions, will ensure
continuity of load power, during an AC input power failure

3.5.54

restored energy time

maximum time required to, under normal mode of operation and with the charging capacity
installed, recharge the energy storage device of the UPS so that the stored energy time can
again be achieved

3.5.55

cut-off {yoltage
voltage [at which the energy storage device, during stored energy mode, under Specified
operatignal conditions, is considered to be fully depleted

3.5.56
ambienf temperature
temperdture of the air or other medium where the equipment is to be used

[SOURCE: IEC 60050-826:2004, 826-10-03, modified — Words "average temperature” neplaced
by "temperature”, words "in the vicinity of the equipment” replaced by "where the equipment is
to be uged", and Note to entry deleted.]

3.5.57
efficienjcy
<UPS> tatio of output active power to input active power or the ratio of output energy|to input
energy under specified test conditions

Note 1 tolentry: Test conditions for UPS efficieneylare found in Annex J.
4 Enyironmental conditions

4.1 Qeneral — Test environment

The UPB shall be capabletef operating as rated in an environment with pollution degree 2 of
IEC 60664-1 and under-the normal conditions in 4.2.

Other conditions niay be agreed upon between manufacturer/supplier and purchaser.

NOTE 1 |[Pollutiondegree is a characteristic of an environment and detailed in IEC 60664-1 from where thqg following
is derived|

— Pollutioh.degree 1 applies where there is no pollution or only dry, non-conductive pollution.

— Pollution degree 2 applies where there is only non-conductive pollution that might temporarily become conductive
due to occasional condensation.

— Pollution degree 3 applies where a local environment within the equipment is subject to conductive pollution, or
to dry non-conductive pollution that could become conductive due to expected condensation.

— Pollution degree 4 applies when the pollution generates persistent conductivity caused for example by conductive
dust or rain or snow.

NOTE 2 It is assumed that the applicable safety and EMC conformity assessments are coordinated with any other
conditions agreed upon between manufacturer/supplier and purchaser.

4.2 Normal conditions
4.2.1 General

4.2 lists the default environmental conditions applicable to the operation, storage and
transportation of UPS.
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Operation

Ambient temperature and relative humidity

A UPS shall perform as rated when operating within the following ambient ranges:

e temperature +15 °C to +30 °C;

e relat

ive humidity 10 % to 75 % (non-condensing).

The temperature and relative humidity ranges above are verified in accordan

ce with

IEC TR 60721-4-3 when performed as described in 6.5.3.

NOTE ApeguirermentfortheURSteoperformwhen-operatirgbeyena-theambientranrges-is—eonsidered—an unusual
condition|See 4.3

4.2.2.2 Altitude

A UPS ¢onforming to this document shall be designed to operate as rated fronT sea-leyel up to

and incl

4.2.3

UPS eq
and shg
aircraft,

e temy

o relative humidity 10 % to 95 % (non-condensing):

The tem

Packagi
labels.

Shock and free-fall withstand requirements are verified when performed as described i

Unless
docume
70 kPa.

NOTE 1

NOTE 2
battery, f

uding 1 000 m above sea level.

Storage and transportation

Lipment conforming to this document shall accept stationary storage within a
Il be transportable in its manufacturer provided shipping packaging by a pre
by ship or by truck, within the following ambient ranges:

erature —25 °C to +55 °C;

perature and relative humidity ranges above are verified as described in 6.5.2,

ng not designed for wet (condensing) ambient conditions shall be marked by

otherwise declared\by the UPS manufacturer, UPS equipment conforming
Nt shall not be stored or transported at an altitude with equivalent air pressure lo|

The air ppessure at an altitude of 3 000 m above sea level is approximately 70 kPa.

Certainnenergy storage devices require other storage and transportation conditions; for exar
he/duration of high or low ambient temperature can affect the battery life. The energy stora

building
ssurised

warning

n 6.5.1.

to this
wer than

hple for a
e device

manufact

rertypically provides instructions for battery transportation, storage and recharging.

43 U

4.3.1

nusual conditions

General

4.3 lists conditions that, subject to an agreement between the manufacturer and the purchaser,
may require special design and/or special protection features. The purchaser shall identify any
requirements that deviate from the normal conditions in 4.2.

4.3.2

Operation

Unusual operating conditions to be identified include the following:

e pollution degree in excess of 2 (see Note 1 in 4.1);

e temperature and relative humidity conditions exceeding the ranges listed in 4.2.2.1;

e altitude conditions exceeding those listed in 4.2.2.2;
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NOTE 1 Table 2 is provided for guidance. It is an example of power derating required by altitude.

e exposure to vibration, shocks, tilting;

NOTE 2 Examples include a UPS installed in a vehicle or in an industrial environment.

e exposure to earthquakes;

NOTE 3 More details are given in IEC 60068-3-3.
e electromagnetic immunity exceeding the applicable requirements of IEC 62040-2;
e radioactive immunity to radiation levels exceeding those of the natural background;

e any of the following: moisture, steam, fungus, insects, vermin, dust, abrasive dust, corrosive
gases, salt laden air or contaminated cooling refrigerant, damaging fumes, explosive
mixtfires of dust or gases, restriction of veniilation (for UPS and/or battery), radjated or
conducted heat from other sources.

Any chdnge in performance affected by an unusual condition specified shall bg detlared by the
manufagturer.

Taple 2 — Example of power derating factors for use at altitudes-above 1 000 m

Altitude Derating faetor
m feet Convection cooling Forced air cooling

1000 3 300 1,000 1,000

1200 4 000 0,994 0,990

1500 5 000 0,985 0,975

2 000 6 600 0,970 0,950

2 500 8 300 0,955 0,925

3000 10 000 0,940 0,900

3500 11 600 0,925 0,875

3 600 12 000 0,922 0,870

4 000 13200 0,910 0,850

4 200 14 .000 0,904 0,840

4 500 15 000 0,895 0,825

5 000 16 500 0,880 0,800
This tabletis-derived from ANSI C57.96:2013 for loading of dry-type distribution and
poweptransformers.
Values are generally calculated by interpolation for altitudes not listed.

NOTE 4 The maximum altitude declared by the manufacturer according to this document is assumed consistent
with the maximum value declared for safety purpose according to IEC 62040-1.

4.3.3 Storage and transportation

Any unusual storage and transportation condition shall be identified including situations
different from those normally applied to electronic equipment and batteries. The following is a
list of unusual conditions:

e temperature and relative humidity conditions exceeding the ranges listed in 4.2.3;

e altitude conditions exceeding those listed in 4.2.3;

e exposure to abnormal vibration, shocks, tilting and earthquake acceleration forces;

e special transportation and equipment handling requirements.
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ctrical conditions, performance and declared values

5.1 General

5.1.1

UPS configuration

The UPS manufacturer/supplier shall declare and describe the UPS configuration, including

e the quantity of UPS units and their topology,

e the redundancy configuration as applicable, and

e any UPS switches necessary for connection, interruption, transfer, bypass or isolation.

Annex A, Annex B and Annex C and may be contained in a technical data sheét.
provides an example of a technical data sheet. This data sheet may be included”in
user mgnual.

The deglaration and its description may reference the applicable subclauses and fi$ures in

5.1.2

Any ma

Markings and instructions

kings and instructions required in addition to those specifiedin IEC 62040-1

provided in the user manual, and the UPS shall be marked as applicable.

NOTE E

kamples include instructions necessary for performance related user customisation.

5.2 UPS input specification

5.2.1

A UPS
input p
a) rate
b) rate
c) forp
d) tota

- f

(S

Conditions for normal mode operation

bwer presenting characteristics as follows:

H voltage with input voltage tolerance band 10 % of rated voltage;
 frequency with input frequency tolerance band +2 % of rated frequency;
olyphase input, voltage-tnbalance with an unbalance ratio of 5 %;
harmonic distortion of voltage:

br UPS intended forconnection to the public low-voltage supply:

K 8 % with maximum levels of individual harmonic distortion of volta
xceeding thoese in Table 3;

br UPS intended for connection to industrial plants and non-public networks:

K 12% with maximum levels of individual harmonic distortion of volta
xceeding those in Table 4;

nnex D
he UPS

shall be

conforming to this document shall remdin in normal mode when connected t¢ an AC

jes not

ges not

e) transient voltages, superimposed high-frequency voltages and other electrical noise such
as that caused by lightning or capacitive or inductive switching; within the electromagnetic
immunity levels specified in IEC 62040-2.
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Table 3 — Compatibility levels for individual harmonic distortion
of voltage in public low-voltage power supply systems

Odd harmonics non-multiple of 3 Odd harmonics multiple of 32 Even harmonics
Harmonic order | Harmonic voltage | Harmonic order Harmonic Harmonic order | Harmonic voltage
voltage
n % n % n %
5 6 3 5 2 2
7 5 9 1,5 4 1
11 3,5 15 0,4 6 0,5
13 3 21 0.3 8 0
17 < n|=< 37 2,27 x (17/n) - 0,27 21=n<39 0,2 10<n<40 0,25 x(104n) + 0,25
NOTE 1 | All of the harmonic levels in this table are assumed not to occur simultaneously.
NOTE 2| Table 3 is an extract from the compatibility levels in Table 1 of IEC 61000:2-2~and |IEC |61000-2-
2:2002/AMD1:2017.
a8 The Ipvels given for odd harmonics that are multiples of three apply to zero segquence harmonics. Also, on a
threetphase network without a neutral conductor or without load connected between line and ground, the values
of thg 3™ and 9" harmonics may be much lower than the compatibility levels, depending on the unbhlance of
the system.
Table 4 — Compatibility levels for individual harmonic distortion of voltagsd
in industrial plants and non-public low-veltage power supply systems
Odd hafmonics non-multiple of 3 Odd harmonics nialtiple of 32 Even harmonics
Harmonifc order | Harmonic voltage |Harmonic order |[Harmonic voltage|Harmonic order | Harmonic|voltage
n % n % n %
5 8 3 6 2 3
7| 7 9 2,5 4 1,%
1] 5 15 2 6 1
13 4.5 21 1,75 8 1
17 < n|= 39 4,5 x (17/n)-=6,5 21<n=<39 1 10 =n <40 1
NOTE 1 | All of the harmonic Jevels in this table are assumed not to occur simultaneously.
NOTE 2 | Table 4 is derived from Class 3 compatibility levels in Table 2, Table 3 and Table 4 of
IEC 610(00-2-4:2002:
NOTE 3 | In somg cases where part of an industrial network is dedicated to large non-linear loads, the compatibility
levels fol that part of the network may be 1,2 times the above values.

a8 The levels given for odd harmonics that are multiples of three apply to zero sequence harmonics. Also, on a
three-phase network without a neutral conductor or without load connected between line and ground, the values
of the 3" and 9™" harmonics may be much lower than the compatibility levels, depending on the unbalance of
the system.

5.2.2

Characteristics to be declared by the manufacturer

The manufacturer shall declare the applicable characteristics for each AC input port. In addition

to those

a) num
b) neut

covered in 5.2.1, the following characteristics shall be declared:

ber of phases;
ral requirements;

c) rated input current;

d) input power factor;
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e) inrush current;

f) max

imum input current;

g) input current at overload capacity (where applicable, the curve of current versus time);

h) total harmonic distortion of current;

i) minimum short-circuit power (Sg.) capacity required from the AC input power for

compliance with the maximum harmonic current distortion levels permitted in IEC 61000-3-2
(UPS <16 A) or IEC 61000-3-12 (16 A < UPS <75 A), where applicable. Where none of the
standards mentioned apply, individual harmonic distortion of input current levels (n < 40)
measured or calculated at rated input current shall be declared when supplied with a
voltage source of negligible distortion;

j) eartl
from

k) AC i
[) rate
m) rate

NOTE T
technical

5.2.3

The pur
declare
that mal
conditio

a) pre-
as a

b) requ
pow

c) requ
d) stan

NOTE |IH

Such s¢

UPS de
may be
as appli

the load, if any;
ower distribution system compatibility (TN, TT or IT as defined in IEC 60364-1
d input voltage and input voltage tolerance band;

l input frequency and input frequency tolerance band.

he declaration generally takes the form of a technical data sheet. AnneX™®”provides an exa
data sheet.

Characteristics and conditions to be identified by the'purchaser

Chaser shall identify any conditions and characterjstics that are more severe tha
by the manufacturer. Further, the purchaser/sshall identify any particular co
be required by national and local regulations and any adverse or special

hs including

pxisting harmonic voltage distortion whefi'in excess of those listed in Table 3 or
pplicable,

irements for compatibility with characteristics of protective devices of the A
er,

irements for all-pole isolation-of the UPS from the AC input power, and
dby generator charactefistics, if any.

C 60034-22 provides characteristics for internal combustion engine driven generating sets.

rvice condition§ and deviations may require special design and/or protection f

signed for\industrial applications or for separately generated AC input power
requiredito meet more severe conditions. The purchaser should specify such co
cable.Nn the absence of such information, the manufacturer/supplier may ap

experierrce as to the compatibility of the design for the intended installation.

tribution

\E

mple of a

AN those
nditions
service

Table 4,

C input

eatures.

supplies
nditions
bly their

53 U
5.3.1
Subject

e thei

PS output specification
Conditions for the UPS to supply a load
to either

nput conditions of 5.2.1 being satisfied, or

e the energy storage device being available,

a UPS conforming to this document shall be capable of supplying loads (single or polyphase,
as applicable) that are compatible with the output characteristics of the UPS as declared by the
manufacturer.
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5.3.2 Characteristics to be declared by the manufacturer

The manufacturer shall declare the applicable characteristics, including

a)

b)
c)

d)

e)
f)
9)
h)

i)

k)

m)

n)

p)
a)
r
s)

t)

the performance classification (V_ _ _ _ _ _ in accordance with 5.3.4) and, for multiple
normal mode UPS, the declared sets of input dependency characteristics in accordance
with 3.3.7 and the corresponding performance classifications,

the rated output voltage and RMS output voltage tolerance band,

the rated frequency and free-running output frequency tolerance band (non-
synchronized),

the output frequency tolerance band accepted by the UPS inverter for synchronization
with _an_external saurce_for pxamplp hylnacc and maximum phacp anglp hetween the
inverter output voltage and external source voltage waveforms,

the nate of change of frequency (slew-rate) when synchronizing,
the number of phases available,

the :I:

the AC power distribution system compatibility (TN, TT or IT as defined in IEC 60364-1),

eutral availability,

the fotal harmonic distortion of voltage
— ipnormal mode, and

— ip stored energy mode,

the nated output active power, rated output apparént power and rated output clurrent,

the pverload capacity including, if applicable,<the effect on the RMS output [voltage
tolefance band declared in b)

— ipnormal mode,

— ih stored energy mode. and

— ih bypass mode, where applicable;
the minimum inverter current limit-and minimum sustaining time,
the ;Il;ult clearing capacity expréssed as

ne maximum load protective device rating with which the UPS can co-ordinafe under
hult conditions, and

t
f

— the applicable clalss 1, 2 or 3 of Figure 2, Figure 3, or Figure 4 that the output voltage
will comply with‘while clearing the fault; or the time it takes to clear the protectiveg device;

the lload powernfactor at rated load,
the ;[)
the yoltage unbalance resulting from 100 % load unbalance ratio (polyphase URS only),

ermissible displacement power factor tolerance band of the load (cos @)1,

the URS efficiency (in accordance with Annex | and Annex 1)

the no load losses (in accordance with Annex J),

the parallel redundant UPS failure performance as the applicable class 1, 2 or 3 of
Figure 2, Figure 3, or Figure 4, and

the rated output active power and rated output apparent power for a system consisting
of two UPS units operating in parallel (if applicable).

Characteristics j), m), n) and o) shall also be declared also for the bypass transfer switch
when included with a single or parallel UPS.

NOTE 1 The characteristics declared are valid with a fully charged energy storage device, if not otherwise agreed

to.

NOTE 2 The declaration generally takes the form of a technical data sheet. Annex D provides an example of a
technical data sheet.
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NOTE 3 Some manufacturers include particular performance characteristics under abnormal conditions in the
declaration, for example transfer time from UPS to bypass under non-synchronized conditions.

5.3.3 Characteristics and conditions to be identified by the purchaser

The purchaser shall identify any characteristics and conditions that are more severe than those
declared by the manufacturer and any particular condition that may be required by national and
local regulations and any adverse or special load condition, including:

a) loads generating harmonic currents, in particular even harmonic currents, except for loads
complying with the maximum levels permitted in IEC 61000-3-2 (load < 16 A),
IEC 61000-3-12 (16 A < load <75 A), or IEC TS 61000-3-4 (load > 75 A),

b) asymmetric loads requiring circulation of a DC current, for example half-wave,

c) requlirement for independent earthing of the output neutral,

d) requlirements for output power distribution including characteristics of protective) deyices for
coordination purposes,

e) reqL:Iirements for all-pole isolation of the UPS from the output power distribution,
f) futu
g) stanfby generator characteristics,

e extension/expansion requirements,

h) availability (see Annex K) and degree of redundancy (see Anhéx A), and
i) output overvoltage protection.

5.3.4 Performance classification
5.3.4.1 General

The maphufacturer shall classify UPS complying<with this document in accordance with the
coding AAA BB CC as detailed in 5.3.4.

NOTE 1 | The objective of classifying UPS by -performance is to provide a common base on which all UPS
manufactfirer's/supplier's data are evaluated. This enables purchasers, for similar UPS power ratings, tq compare
different rhanufacturer's products under the same measurement conditions.

NOTE 2 |This classification is performance-based and does not exclude any specific technology or topolqgy as the
means foll achieving compliance with such classification.

NOTE 3 |Refer to Annex B for_examples of applicable UPS topologies.
5.3.4.2 Input dependency AAA
5.3.4.2.1 General

The inplt dependency AAA is a set of characters describing to which extent, for opefation in
normal |mode, the load power depends on the quality of the AC input power. The set of
characters.takes form of either VED, VI or VFI| as described in the following subclauses.

5.3.4.2.2 VFD (voltage and frequency dependent)

UPS classified VFD shall protect the load from a complete loss of AC input power.

The output of the VFD UPS is dependent on changes in voltage and frequency of the AC input
power and is not intended to provide additional voltage corrective functions, such as those
arising from the use of tapped transformers.

VED classification is verified when performing the test described in 6.2.2.7.
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5.3.4.2.3 VI (voltage independent)

UPS cla

ssified VI shall protect the load as required for VFD and also from

e under-voltage applied continuously to the input, and

e over-voltage applied continuously to the input.

The output voltage of the VI UPS shall remain within declared voltage limits (provided by
voltage corrective functions, such as those arising from the use of active and/or passive
circuits). The manufacturer shall declare an output voltage tolerance band narrower than the
input voltage tolerance band.

NOTE T
tolerancs

VI class

5.3.4.2.

UPS clg
specifie

variatiofs without discharging the energy storage device.

VFI clag

5.3.4.3
5.3.4.3.

The out
of the o

— norrj

— stor

where e

5.3.4.3.

Sinusoi
to publi
linear |

— harn

band.
ification is verified when performing the tests described in 6.4.1.2.

i VFI (voltage and frequency independent)

H and declared in 5.2 and shall protect the load against.adverse effects frg

sification is verified when performing the tests desefibed in 6.4.1.3.
Output voltage waveform BB
L General
but voltage waveform BB is a set of ¢haracters describing the steady state w

Litput voltage when operating in:

hal mode (15t character);

ed energy mode (2Nd chatacter),

pch character takes the.form of either S, X or Y as described in the following sub

D Waveform S

low-voltage power supply systems, presenting under linear load and referen
ad cenditions:

henic distortion < 8 %, and

. . . . - . voltage

ssified VFI is independent of AC input power voltage and frequency variations as

m such

aveform

Clauses.

dal outputvoltage waveform compatible with load equipment intended for copnection

ce non-

— individual harmonic distortion within limits of Table 3.

5.3.4.3.3 Waveform X

Sinusoidal output voltage waveform compatible with load equipment intended for connection
in industrial plants dedicated to large non-linear loads, presenting under linear load and
reference non-linear load conditions:

— total harmonic distortion < 12 %, and

— individual harmonic distortion within limits of Table 4.

5.3.4.3.4 Waveform Y

Non-sinusoidal output voltage waveform presenting

— peak voltage Up < rated voltage x+/2 , and
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— rise/fall rates dy/d; < 10 V/us.

Figure 1 represents a typical characteristic Y waveform.

09
’ A
"QD
3 o1 Y N _
=0 2 'T =
= dt dt

IEC
Figure 1 — Typical characteristic Y output voltage waveform

The voltage waveform classification is verified by perferming the applicable steady state
electrical type tests described in 6.4.2.2 and 6.4.2.4.

NOTE Npn-linear loads such as switch mode power supplies‘tolerate non-sinusoidal voltage waveforms,|generally
for a limited time. Subject to requirements from the load eqQuipment manufacturer, this time is the storgd energy
time (typigally 5 min to 30 min).

5.3.4.4 Dynamic output performance@C
5.3.4.4.1 General

The dynjamic output performancé.€C is a set of characters describing the voltage yariation
caused py

e the ¢hange of mode of@peration (1St character), and

e the $tep load application (2"d character),

where elach chardcter takes form of either 1, 2 or 3 as described in the following subclauses.

The dynfami€ qutput performance is verified by performing the electrical type tests in 6.4.2.10.2,
6.4.2.10.8,(6.4.2.10.4 (for the 1St character) and in 6.4.2.10.5 (for the 24 character).

NOTE 1 Linear loads are generally tolerant of single transient deviations not exceeding 100 % of nominal peak
voltage for less than 1 ms. Linear loads, often containing magnetic components, are however generally sensitive,
on a half-cycle by half-cycle basis, to loss or gain in volt-time area. The validation method for RMS measurements
described in Clause H.2 is deemed an adequate technique to measure the latter.

NOTE 2 Non-linear loads of the type represented by the reference non-linear load of Annex E are generally
tolerant of loss or gain in the volt-time area during at least one complete half-cycle. The capacitor of the reference
non-linear load draws current only when the UPS voltage exceeds the load capacitor voltage and as such is affected
only if the UPS peak voltage decreases substantially for a length of time. Dynamic performance considerations for
this type of load is generally limited to ensuring the maintenance of the load capacitor voltage within stated limits
during transient testing.

NOTE 3 Purchasers are reminded that due to the diversity of load types, UPS manufacturers' data are based on
industry standard test loads that simulate typical load applications.

NOTE 4 The actual performance in a given application is subject to variation under transient conditions since actual
load ratings, individual sequencing, and start currents are likely to differ from standardized test situations.
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NOTE 5 Cord connected UPS designed to be installed by the operator for use in an office environment, either desk
or floor-mounted, and/or intended to be marketed by a third party without reference to the manufacturer, are, within
the UPS rating, expected to be capable of accepting any load suitable for connection to a public low-voltage power
system, unless any limitations are stated by the manufacturer within the user instructions.

NOTE 6 Refer to Annex H for guidance on measurement techniques.
5.3.4.4.2 Class 1

The UPS output voltage remains within the limits of Figure 2.

NOTE Such performance is required by sensitive critical loads.
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Figure 2= Dynamic output performance class 1

5.3.4.4.8 Class 2

The UP§ output voltage remains within the limits of Figure 3.

NOTE Spch performance is accepted by most types of critical load.
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5.4 Energy storage device specification
5.4.1 General

5.4 specifies details that apply to a secondary battery, presently the most common technology
utilised to provide energy storage for use during AC input power failure.

It is recognised that other technologies, for example flywheel energy storage systems, may
replace the need for a battery system. Such technologies may be fully compatible with UPS
characteristics primarily intended for batteries. With this in mind, subject to an agreement
between the manufacturer/supplier and the purchaser and where applicable, 5.4 may be used
to specify other energy storage technologies.

5.4.2 Battery
5.4.2.1 Requirements for all batteries

A battefy intended to serve as an energy storage device for a UPS,complying with this
document shall comply with the IEC 62040-1 requirements for location, ventilation, marking and
protectipn of a battery.

5.4.2.2 Characteristics to be declared by the manufacturer

The mahufacturer shall declare the following battery characteristics, for example in the user
manual jor in the UPS technical data sheet (see Clause D75):

a) servjce life;

b) quantity of blocks or cells and of paralleled strings if more than one string;

¢) nomjnal string voltage;

d) battery technology (e.g. vented or valvesregulated lead-acid, NiCd, NiMH, Li-lon);

e) nomjnal capacity of total battery and reference discharge rate, for example discharge rate
c1o0

f) storpd energy time at referen’ce test load;
g) restpred energy time;
h) amblient temperature atiwhich battery performance is rated;

i) earth condition of DC,port /isolation of DC port from input and/or output (only appligable for
remote battery);

j) Battery ripple<eUrrent during normal mode operation (if exceeding 5 % of the numdrical Ah
capgcity [Cl0-discharge rate]).

When a|re€mote battery is part of the UPS installation, and the remote battery cabling and/or
pro’[ecti bnis not prn\/irlnrl hy the mnnllf:\rrl|r::rlt:||pp|inr, the fnllmA/ing additional charadteristics

shall be declared:

k) discharge current at nominal battery string voltage while in stored energy mode and
supplying rated load;

I) DC fault current rating;
m) cable voltage drop recommendation;
n) protection requirements.

The manufacturer/supplier shall supply the following additional information if requested by the
purchaser:

o) charging regime, for example constant voltage, constant current, boost or equalization
capability, two-state charging;

p) charging voltage and tolerance band;
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g) cut-off voltage;
r) charger current limit and range (if adjustable), and tolerance band.

5.4.2.3 Characteristics and conditions to be identified by the purchaser

The purchaser shall identify any requirements, characteristics and conditions that deviate or
are more severe than those listed in 5.4.2.1 and 5.4.2.2. This includes any particular conditions
required by national and local regulations and any adverse or special service conditions
including when a battery is supplied by a third party.

NOTE National and local regulations can specify a minimum stored energy time and define the type of energy
storage device to be used.

5.5 UPS switch specification
5.5.1 UPS switches supplied as an integral part of a UPS

UPS switches supplied as an integral part of a UPS are covered by thecspécified ¢lectrical
service [conditions and performance requirements in Clause 5 and needynot to be gpecified
separately.

5.5.2 UPS switches not supplied as an integral part of a UPS

Switchep supplied separately and intended to operate in conjunction with the UPS ghall be
compatible with the applicable electrical service conditions’and performance requirements of
the UPY and shall comply with their own product performance standard.

NOTE Ekamples of product standards that apply to particularSwitches are:
—  static|transfer systems (STS): IEC 62310-3;
— automatic transfer systems (ATS): IEC 60947-6-1;

— manyal isolation, tie and transfer switches: IEC60947-3.
5.6 Sjignal, control and communic@ation ports

The manufacturer shall providel-adequate instructions for use and installation|of any
communication and signalling ¢ircuits supplied as an integral part of the UPS and intgnded to
be connpcted to information¢echnology equipment, for example programmable logic computers,
local aréa networks (LAN).@r to telecommunication networks.

6 UPS tests

6.1 Summary

6.1.1 \énue, instrumentation and load

6.1.1.1 Test venue

A UPS shall be tested in accordance with Table 5, generally at the manufacturer’s premises.

If testing of a UPS requires facilities either not available at the manufacturer’s premises and/or
not economically justified within the scope of a particular situation, the manufacturer may then
elect to:

a) use a third-party competent body to carry out compliance testing on the manufacturer’s
behalf. Evidence of third party certification shall be deemed sufficient to prove compliance
with the relevant clauses; or

b) demonstrate by calculation or by experience and/or testing of similar designs or sub-
assemblies in similar conditions and through compilation of a technical construction file that
the design is compliant. Evidence through a technical construction file shall be deemed
sufficient to prove compliance with the relevant clauses; or
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c) subject to an agreement with the purchaser, defer applicable tests to be performed on site.

Tests may be performed on the UPS in its complete form or, alternatively, on a UPS functional
unit or on a subassembly prior to delivery on site. When such necessity arises, the UPS
functional unit test of 6.6 applies and the manufacturer/supplier and the purchaser should
agree on conditions for final site testing. The manufacturer’s recommendation should be
followed in this respect.

6.1.1.2 Test instrumentation

Instruments used for the measurement of electrical parameters shall have sufficient bandwidth
to accurately measure true RMS value on waveforms which may be other than a fundamental
sinewave, ie may present cansiderable harmonic content Whichever type of instrumentation
is used, its accuracy shall be in relation to the characteristic being measured and\regularly
calibrated in accordance with applicable standards. Refer to IEC 61000-4-30 for~guidance on
selectiop of instrumentation.

6.1.1.3 Test load

Tests atle performed with reference test load where not otherwise spégified in the releyant test
clause.

UPS capable of parallel operation may be tested as individuakUPS units, except for the load
sharing| test in 6.4.2.6. In particular cases, a special load{including the actual site lopd, may
be used| if agreed upon between the manufacturer/supplieryand the purchaser.

6.1.2 Routine testing

The rouftine tests listed in Table 5 shall be performed on every UPS and where not otherwise
specifief in the relevant test clause, with the,AC input power in accordance with 5.2.1.

Testing | of characteristics other than-those covered by routine tests are subjedt to an
agreement between the manufacturer/supplier and the purchaser.

6.1.3 Site testing

Uninterfuptible power systems covered by this document include large multi-moduile UPS
that may be delivered as.separate functional units intended for final assembly and wiring on
site. Su¢h large UPS may require their final performance testing to be completed on site. Refer
to 6.3 fgr more details.

6.1.4 | Witness testing

In additjon<to the routine tests performed by the manufacturer, the purchaser may wjsh their
representative to wWithess testiing of selected items of Table b and/or of other Specific items.

Witness tests are subject to an agreement between the manufacturer/supplier and the
purchaser.

The purchaser should evaluate the need for witness testing taking into account the
manufacturer’'s/supplier’s quality assurance status.

6.1.5 Type testing

Type tests shall be performed on a UPS that represents a series of substantially identical
products. Type tests are intended to assure that such identical products are compliant with
their full specifications when produced under relevant quality standards and after having passed
the routine tests detailed in 6.2. The UPS used for type testing is not necessarily supplied to
any purchaser. Type tests are listed in Table 5 and detailed in 6.4 and 6.5.
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For UPS in ongoing production, some of the type tests should be repeated at specified intervals
on production samples to verify that the quality of the product is maintained.

6.1.6 Schedule of tests

Tests shall be performed in accordance with Table 5.

Multiple normal mode UPS shall be tested in each declared set of input dependency
characteristics. See 3.3.7.

NOTE 1 Annex F provides guidance for testing of multiple normal mode UPS.

Tabte 5 — UPStestschedute

Test description Routine Type test Subclayse
test
Cable and interconnection check X X 6.2.2.2
Light logd and functional test X X 6.2.2.8
No load X X 6.2.2.4
Full loag X X 6.2.2.5
Synchrohization X X 6.2.2.6
AC inpuf power failure, VFD test X X 6.2.2.Y
AC inpuf power return X X 6.2.2.8
Transfer to bypass mode X X 6.2.2.9

Input — pupply compatibility:

Input voltage tolerance, VI test X 6.4.1.2

Combingd input voltage and frequency tolerance,

VFI test X 6.4.1.¢

Rated input current X 6.4.1.4

Maximumm input current 6.4.1.

Inrush cprrent X 6.4.1.¢

Total hafmonic distortion of inputicurrent X 6.4.1.}

Input poer factor X 6.4.1.8

Efficienqy X 6.4.1.9

No load [losses X 6.4.1.10
Standby|generatarcompatibility X 6.4.1.11
Output { load_compatibility:

Normal mode X 6.4.2.p

Stored energy mode X 6.4.2.3

Unbalanced load X 6.4.2.4

DC voltage off-set X 6.4.2.5

Load sharing X 6.4.2.6

Output overvoltage X 6.4.2.7

Periodic output voltage modulation X 6.4.2.8

Overload capacity X 6.4.2.9.1
Fault clearing capacity X 6.4.2.9.2
Inverter current limit X 6.4.2.9.3

Dynamic output performance:

Normal mode to stored energy mode X 6.4.2.10.2
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Test description Routine Type test Subclause

test
Stored energy mode to hormal mode X 6.4.2.10.3
Normal mode to bypass mode — Overload X 6.4.2.10.4
Step load X 6.4.2.10.5
Parallel redundant UPS failure X 6.4.2.10.6

Energy storage device:

Stored energy time X 6.4.3.1
Restored energy time X 6.4.3.2
Battery ripple current X 6.4.3.3
Restart {est X 6.4.3.4
Charger|current limit X 6)4.3.p

Environmental:

Shock dpring transportation X 6.5.1.p
Free fall during transportation X 6.5.1.8
Storage|in dry heat, damp heat and cold environments X 6.5.2
Operatidn in dry heat, damp heat and cold environments X 6.5.3
Acoustid noise X 6.5.4

UPS functional unit tests
(where njot tested as a complete UPS):

UPS rectifier X 6.6.2
UPS invgrter X 6.6.3
UPS switch(es) X 6.6.4
Energy s$torage device X 6.6.5

6.2 Rloutine tests
6.2.1 General

The roytine tests detajled*in 6.2 are electrical only. No environmental routine tgsts are
required.

6.2.2 Electrical

6.2.2.1 General

The regpirements in 6.2.2 apply to both routine and type tests. See Table 5.

6.2.2.2 Cable and interconnection check

The UPS shall be inspected in accordance with the manufacturer’s installation and wiring
diagrams to determine that the AC input power, the energy storage device (as applicable),
the load and any communication circuits are connected as required.

Compliance is verified by inspection.

6.2.2.3 Light load and functional test

With the UPS in normal mode and light load applied; operation of the following shall be
verified:

a) all control switches and other means to activate UPS operation;
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b) protective devices (refer to 7.5.3 of IEC 60146-1-1:2009);

c) auxiliary devices, such as contactors, fans, outlets, annunciators and communication
devices;

d) supervisory, monitoring and remote signalling devices (if any);

e) automatic transfer to stored energy mode and back to normal mode by failing and
subsequently restoring the AC input power;
NOTE 1 This test can be performed in conjunction with AC fail/return tests of 6.2.2.7 and 6.2.2.8.

f) for UPS so equipped, automatic transfer to bypass mode or isolation of the inverter from
the common AC output bus (as applicable) and back to normal mode by failing and
subsequently restoring the inverter AC output voltage;

NOTHE 2 This test can be performed in conjunction with transfer to bypass test of 6.2.2.9 or parallehrpdundant
UPS failure test of 6.4.2.10.6 as applicable

g) for UPS so equipped, manual transfer to bypass mode or isolation of the inverter from the
common AC output bus and back to normal mode (as applicable) by operating apgropriate
swit¢hes and/or controls.

Complignce is verified by observation that the devices and functions intended to control,|protect,

supervige, measure and signal UPS activities perform as expected and that the load|voltage
remains| within specified values during the manual and automatic fransfers.

6.2.2.4 No load

The UPS$ shall remain in normal mode of operation an@/its output voltage shall remajn within
the declared values with no load connected.

Complignce is verified by measurement that thie output voltage does not exceed thg steady
state vafiation declared for the rated voltage.\S€e 5.3.2 b).

6.2.2.5 Full load

The UPS$ shall remain in normal mode of operation and its output voltage shall remajn within
the decllared values while supplying the reference test load.

Parallell UPS may be loadstested by testing the individual UPS units separately or together.

Complignce is verified by measurement that the output voltage does not exceed the| steady
state vdriation declared for the rated voltage. See 5.3.2 b).

6.2.2.6 Synchronization

This tesft shall be performed when synchronization to an external source is required. [The test
shall be performed in normal mode and at light load. The voltage and frequency of the external
source, for example the bypass, shall be that prevailing at the test site and shall be stable and
within the characteristics specified in 5.2.1.

This test may be performed in conjunction with another test if it is more convenient.

Compliance is verified when, in steady state, the measured phase angle between the inverter
output voltage and the external source voltage waveforms is equal to or less than that declared
in 5.3.2 d).

6.2.2.7 AC input power failure and VFD input dependency

The UPS shall operate in normal mode at light load and with the energy storage device or
another appropriate energy source connected. The AC input power failure shall be tested as
specified in Annex G for high impedance failure.
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This test may be performed in conjunction with the light load test of 6.2.2.3 e).

Compliance is verified when, following the input AC failure, the UPS operates in stored energy
mode within steady state output voltage and frequency limits declared in 5.3.2 b) and 5.3.2

c).
6.2.2.8 AC input power return

The UPS shall operate in stored energy mode at light load and with the energy storage
device or another appropriate energy source connected and with the AC input power
disconnected. The AC input power shall then be returned, and the resulting AC output voltage
and frequency variations shall be measured.

Additionally, for type testing only, the procedure above shall be repeated except thatl the AC
input ppwer shall be returned with improper phase rotation. This test may be)'perfgrmed in
conjunction with the light load test of 6.2.2.3 e).

Complignce is verified when:

a) following the return of input AC power with proper phase rotation, the UPS opgrates in
normal mode within steady state output voltage and frequéeney limits specified |n 5.3.4;
and

b) for type testing only, following the return of input AC power with improper phase fotation,
the UPS does not get damaged.

6.2.2.9 Transfer to bypass mode

This test shall only be performed for UPS featuring automatic bypass capability.
The UP§ shall operate in normal mode.

By failyre simulation or output overload, the load shall be transferred to the |bypass
automatically and then back to the-UPS either automatically or manually when the failure
simulatipn or output overload is+enioved.

The oufput voltage transient shall be measured and the phase angle between the |bypass
input voltage and the inverter output voltage shall also be measured while transferring to and
from thg bypass.

This test may be performed in conjunction with the full load test of 6.2.2.5.

Complignee'is'verified when, throughout the process described above, the UPS output voltage
remains| within the tolerance bands declared in 5.2.1 a) or 5.3.2 b), whichever is thel widest,
and when the measured phase angle is equal or less than the value declared in 5.3.2 d).

6.3 Site tests

UPS that are delivered as separate UPS functional units intended for final on-site assembly
and wiring require their final performance tests to be completed on site. The site test procedure
generally consists of the manufacturer’'s commissioning procedure and of completion of any
routine and type tests of Table 5 that were not otherwise completed prior to delivery.

The purchaser may, subject to an agreement with the UPS manufacturer, formulate a specific
site acceptance test (SAT) schedule as part of a purchase contract.

The purchaser should, for economic reasons and to avoid unnecessary stress to the UPS,
confine the site-test schedule to verify essential characteristics not otherwise verified.
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6.4 Type tests — Electrical

6.4.1

6.4.1.1

Input — AC input power compatibility

General

The AC input power shall

e comply with the applicable requirements in 5.2.1,

e present the applicable power distribution characteristics declared in 5.2.2 k), and

e be capable of providing a variable frequency and voltage as declared in 5.2.1 a) and 5.2.1
b). In the absence of a variable frequency/voltage generator, alternative test methods are
pernpitted.

6.4.1.2

Steady state input voltage tolerance and VI input independency

With the¢ UPS operating in normal mode and with the AC input voltage and,ffequend
nominal values, the input voltage shall be adjusted first to the minimum valde and the
maximum value of the input voltage tolerance band declared by the manufacturer in

(or 5.2

.2 1) if wider).The voltage shall remain at each value for at least-1“min.

The UP§ output voltage shall be measured and recorded at non¥inial, minimum and m

y set to
n to the
5.2.1 a)

aximum
no load

input voltages. The test shall be performed both under reference test load and under
conditiops.
a) Conlpliance with the steady state input voltage tolerance is verified when, unger both

load conditions,

the UPS output voltage remains withinothe RMS output voltage tolerand
declared in 5.3.2 b), and

the UPS remains in normal mode.

b) Compliance with VI input independenty, if applicable, is verified when, in addition t
boundaries of the output RMS output voltage tolerance band declared in 5.3.]

narrpwer than those of the inputivoltage tolerance band declared in 5.2.1 a) (or 5
widqr).
6.4.1.3 Combined inputwoltage/frequency tolerance and VFI input independen

With th¢ UPS operating-in normal mode and the input voltage and frequency se
minimum values of theirdeclared tolerance bands, simultaneously adjust both to the m

values

f their declared tolerance bands. See 5.2.1 a) (or 5.2.2 ) if wider) and 5.2

5.2.2 m] if wider):

Where

synchrd

the UPS output frequency is synchronlzed to the input frequency the r

e band

b a), the
P b) are
2.2 1) if

cy

t at the
aximum
1 b) (or

inverter output voltage and |nput voltage Waveforms Whl|e the input frequency is varied at
maximum slew-rate. See 5.3.2 d) and 5.3.2 e).

NOTE A decrease in frequency is assumed not to coincide with an increase in line voltage, and vice versa.

The test shall be performed at no load and then repeated with reference test load connected
to the UPS output.

a) Compliance with the combined input voltage/frequency tolerance is verified when under
both load conditions:

the output voltage and frequency remain within the tolerance bands declared

in 5.3.2

b) and 5.3.2 d) while input voltage and frequency are moved over the declared input

voltage and frequency tolerance bands;
the UPS remains in normal mode.
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b) Compliance with VFI input independency, if applicable, is verified when, in addition to a),
the boundaries of the declared output voltage and frequency tolerance bands are
narrower than those of the declared input voltage and frequency tolerance bands.

6.4.1.4 Rated input current

The value of the rated input current shall be obtained from test 5.2.3.102 in IEC 62040-1:2017.

Compliance is verified when the value obtained is equal or less than that declared by the
manufacturer in 5.2.2 c).

6.4.1.5 Maximum input current

The UP§ shall operate in normal mode, at worst-case declared AC input voltage, at ratled load
and with a fully depleted energy storage device, and the value of the AC inputceurrent shall
be meagured.

Complignce is verified when the measured input current is equal or less_than that declared by
the manufacturer. See 5.2.2 f).

6.4.1.6 Inrush current

The UP§ shall operate at no load in normal mode. The AC input power shall then be qwitched
off for 5min and restored. The resulting inrush current and its duration shall be meagured.

For the purpose of determining the maximum inrush-eurrent value, the test shall be repeated
10 time$ except that the duration of the AC input pewer interruption shall be randomly varied
between 1 s and 5 s.

For the purpose of this test, initial current surges attributable to energization of RFI capacitors
in input [filters with a time duration of less\ttian 1 ms shall be disregarded.

The AC|input power shall be capable of providing a prospective short-circuit currenf so that
the shoft-circuit ratio Rq is atleast 33. Testing at a Rg., lower than 33 is permitted when the

test reslilt is corrected by an apptropriate calculation.

Complignce is verified when the measured inrush current and its duration do not exce¢d those
declared by the manufacturer in 5.2.2 e).

6.4.1.7 Total harmonic distortion of input current

The UPE shall'operate in normal mode, at rated input voltage, with the reference tgst load
applied andwith a fully charged energy storage device. The total harmonic distortign of the
current atthe input port shalt be measured.

Where the reference test load is implemented by means of returning the output power to the
UPS input port, the harmonic distortion to be measured is that of the input current actually
drawn by the UPS input (as opposed to that drawn from the AC input power).

Compliance is verified when the measured total harmonic distortion of the current at the input
port is equal or less than that declared by the manufacturer in 5.2.2 h).

6.4.1.8 Input power factor

The UPS shall operate in normal mode, at rated input voltage and frequency, with the
reference test load applied and with a fully charged energy storage device. The input power
factor shall be measured.
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Where the reference test load is implemented by means of returning the output power to the
UPS input, the input power factor to be measured is that of the input current actually drawn
by the UPS (as opposed to that drawn from the AC input power).

Compliance is verified when the measured input power factor is equal to or greater than that
declared by the manufacturer in 5.2.2 d).

6.4.1.9 Efficiency

The efficiency shall be measured at 100 %, 75 %, 50 % and 25 % load as specified in Annex J.

Where a UPS is designed to operate at multiple rated voltages and/or rated frequencies, the
UPS shall be tested at the most applicable rated voltage and rated frequency combinjation as
found inf IEC 60038.

UPS designed for compliance with specific customer requirements impacting efficiency are not
required to comply with the efficiency values in Annex I.

Specific| customer requirements typically arise from particular industfyysegments (for ¢xample
oil and gas, health care, offshore platforms and power plants).

Specific] customer requirements impacting efficiency include widening of environmental
conditiops, lowering of the DC voltage of the energy storage device, input/output vjoltages
and/or frequencies not listed in IEC 60038, additionakiisolation, special cooling, additional
overloadl, additional fault clearing capacity, additional input or output filtering, additional ingress
protectipn, etc.

Complignce is verified when the calculated efficiency values are equal to or greater than those
declared by the manufacturer in 5.3.2 q).

6.4.1.10 No load losses

The AC|input power shall be meaSured at no load as specified in Annex J.

Where g UPS is designed ta.operate at multiple rated voltages and/or rated frequendies, the
UPS shall be tested at the-most applicable rated voltage and rated frequency combinjation as
found inf IEC 60038.

Complignce is verified when the measured loss value is equal to or lower than that dec]Jared by
the manufacturer_in 5.3.2 r).

6.4.1.11 .SStandby generator compatibility

For the purpose of demonstrating UPS compatibility with a standby generator, all routine tests
listed in Table 5, with the exception of 6.2.2.3, shall be performed as a type test using the
output of a standby generator as the AC input power.

When performing test 6.2.2.7 and 6.2.2.8, a reference test load shall be used.

The characteristics of the standby generator used for this type test shall be provided by the
manufacturer of the UPS.

Subject to an agreement between the manufacturer/supplier and the purchaser, this test may
be performed on site.

NOTE 1 This test is generally performed in conjunction with the input voltage and frequency tolerance tests (see
6.4.1.2 and 6.4.1.3).
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NOTE 2 |EC 60034-22 provides characteristics for internal combustion engine driven generating sets.
6.4.2 Output — Load compatibility
6.4.2.1 Load power factor

Where the manufacturer/supplier declares in 5.3.2 0) a permissible displacement power factor
tolerance band for the load that can be connected to the UPS output port, the tests in 6.4.2
shall be performed with a nominal load power factor as per 5.3.2 n) and repeated using loads
at each extreme of the permissible displacement power factor tolerance band.

6.4.2.2 Normal mode

With thE"UPS operaiing in normal mode and at no load, measure the total harmonic
distortipn, the individual harmonic distortion and the RMS value of the outputmoltage.

Repeat the test but with reference test load connected to the output of the UPS.

7

Repeat the test but with reference non-linear load connected to the output of the UP

Measurement of the harmonic values is unnecessary for UPS whose joutput in normal mode is
connected directly and solely through a switching device to the AC/input power.

Complignce is verified when, under all load conditions,

— the |measured output voltage total harmonic,_distortion and individual harmonic
distprtion values remain within the waveform .characteristics declared in 5.3.2 @) (see
5.3.4.3, 1St character), and

— the measured output voltage remains within the RMS output voltage tolerange band
declpred in 5.3.2 b).

6.4.2.3 Stored energy mode

With the UPS operating in storedcefiergy mode and at no load, measure under steafly state
conditiops the total harmonic distortion, the individual harmonic distortion and the RMS value
of the olitput voltage

e at the beginning of stoned energy mode, and
e just prior to whemthe  UPS shuts down at cut-off voltage of the energy storage dg¢vice.

Repeat the test but with reference test load connected to the output of the UPS.

Repeat the test but with reference non-linear load connected to the output of the UP$.

It is permissible to terminate the no load test at the end of the declared stored energy time
rather than when the UPS shuts down.

For UPS with a stored energy time rated less than 10 min, it is permissible to connect an
additional energy storage device to enable testing and to stabilise measurements.

NOTE This test can be performed in conjunction with stored energy time tests of 6.4.3.1.
Compliance is verified when, under all load conditions,

— the measured total harmonic distortion and individual harmonic distortion values
remain within the waveform characteristics declared in 5.3.2 a) (see 5.3.4.3, 2" character),
and

— the measured output voltage remains within the RMS output voltage tolerance band
declared in 5.3.2 b).
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6.4.2.4 Unbalanced load (polyphase UPS only)

With the UPS operating in normal mode and with all output phases supplying 100 % load
except for one phase that shall be at no load (unless otherwise specified by the
manufacturer/supplier), measure the phase-to-neutral output voltages (or phase-to-phase
voltages if a neutral does not exist) and calculate the output voltage unbalance ratio.

Compliance is verified when the calculated output voltage unbalance ratio is equal to or less
than the declared output voltage unbalance ratio. See 5.3.2 p).

6.4.2.5 DC voltage off-set

H DO H + 1 al al 1 pu | la LW aY I Wl
With thgUPSoperatingmmmormatmodeandatnotoadmeasture-the10—saverage B voltage

at the AC output port of the UPS.

Complignce is verified when the measured DC voltage at the AC output port isiequal t¢ or less
than 0,1 % of the rated output voltage.

6.4.2.6 Load sharing (parallel UPS only)

With twp UPS units operating in parallel and in normal mode while/supplying a load pqual to
the ratgd output active power and the rated output apparent“power declared in p.3.2 t),
measure the output active power and the output apparent power at the output port|of each
UPS unijt.

Repeat the test in stored energy mode.

Complignce is verified when, in both modes of @peration, the measured power value$ do not
exceed [the applicable rated output active power and rated output apparent power|of each
UPS un|t as declared by the manufacturerin+5.3.2 j).

6.4.2.7 Output overvoltage

With thg UPS operating in normalimode and at light load, simulate an output voltage| beyond
the upper limits in Figure 2, Figure 3 or Figure 4, as applicable.

Repeat the test but with the"UPS operating in stored energy mode.

Complignce is verified when, in both modes of operation, following the simulation, the UPS
automatically petforms corrective action so that the overvoltage ceases to be suppligd to the
load.

6.4.2.8 Periodic output voltage modulation

Only when, subject to a specific agreement between the purchaser and the manufacturer, this
test is specified, it shall be checked by voltage recording at different loads and operating
conditions.

Compliance is verified when, under all load and operating conditions, the UPS output voltage
remains within the limits of Figure 2, Figure 3 or Figure 4, as applicable.

6.4.2.9 Overload capacity and fault clearing capacity
6.4.2.9.1 Overload capacity

With the UPS operating in normal mode at light load and with an ambient temperature
between 20,0 °C to 30,0 °C, apply a load which shall result in the UPS supplying its declared
overload capacity. See 5.3.2 k).
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Repeat the test but with the UPS operating in stored energy mode with a fully charged energy
storage device, and if applicable, in bypass mode.

NOTE In some cases, the UPS will change mode of operation to bypass mode where so declared by the
manufacturer.

Compliance is verified when

— the UPS output voltage remains within the RMS output voltage tolerance band declared
in 5.3.2 b) or, if current limiting, as otherwise declared by the manufacturer or supplier,

— the UPS is not damaged or showing signs of over-heating as a result of the test, and

— the UPS is able to function correctly after removal of the overload.

6.4.2.9.

With thd
through

p Fault clearing capacity

e UPS operating in normal mode and at light load, a short-circuit_shall be
a suitable fuse or circuit-breaker of a current rating in accordance with the manu

or supplier’s stated protective device clearing capability. See 5.3.2 m).

If the U
shall be

The ma
the UPY
switch

takes to

The mag
represe
cables ¢

PS is rated for operation at multiple input and output voltages, the short-cir
performed at the highest nominal rated input and output‘voltages.

hufacturer or supplier shall declare the dynamic output performance class wit
b output voltage will comply during the fault clearing and whether a static
takes part in the fault clearing. Otherwise, the-manufacturer shall declare thg
clear the protective device.

nufacturer may specify conditions for..compliance, provided that such co
Nt realistic site conditions. Typical conditions include a lower limit for the imped
onnecting the UPS output to the protective device and to the short-circuit.

The tedt shall be repeated with the(WUPS operating in stored energy mode, unl

manufa

cturer or supplier states thatthe UPS cannot co-ordinate with external protective

in this mode of operation.

If the U
energy
requirern

Complig
limits of

6.4.2.9.

PS is declared capable of co-ordinating with external protective devices in
mode, the manufacturer shall substantiate by calculation that worst-case
hents are supported.

nce is vetified when, throughout the event, the UPS output voltage remains w
Figuren2/Figure 3 or Figure 4, as applicable.

B Inverter current limit
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facturer
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b time it
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With the UPS operating in stored energy mode, at light load and with the bypass input
disconnected, if any, short-circuit(s) shall be applied at the UPS output port, and the applicable
steady state short-circuit current(s) and the time sustained shall be measured.

The following short-circuit conditions shall be considered:

e phase to neutral (resulting in short-circuit current ik1);

e phase-to-phase (resulting in short-circuit current ik2);

e three-phase without short-circuit connection to neutral (resulting in short-circuit current ik3).

Compliance is verified when the values measured are equal or greater than the values declared

in5.3.2

).
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6.4.2.10 Dynamic performance
6.4.2.10.1 Load configuration

For the purpose of determining the dynamic performance of the UPS output during transient
conditions arising from change of mode of operation or from step loading, the UPS output
voltage waveform shall be observed in conjunction with the output current waveform to
determine the voltage variation and time duration of the transient.

AC input Output

UPS e 20 % load

S1
M M
Q ] 80 % load
S2
IEC

Key
S1 switch
S2 switch

M  metef for recording voltage and/or current
Figure 5 — Load configuration for testing transient conditions

a) Configuration for change of mode of operation

Using the test circuit of Figure 5, initiate the change of mode of operation under conditions
spedified in the relevant test procedure. While initiating the change of mode, record the UPS
input and output voltages until steady staté.conditions occur.

b) Configuration for step load

Using the test circuit of Figure 5, apply‘the specific step load under conditions specified in
the felevant test procedure. While.initiating the step load, record the UPS output voltage
and [current until steady state cgnditions occur.

6.4.2.10.2 Normal mode to'stored energy mode

With the UPS initially operating in normal mode, the AC input power shall be interrypted as
specifiefl in Annex G for'high and for low impedance AC input power failure and shal| remain
interrupted for a minimum of 1 s, starting at each of the following conditions independgntly:

a) whefe the input voltage waveform passes through zero;
b) at the peak-of the input voltage waveform.

At each|of‘these conditions, the measurements shall be performed as described in 6.4.2.10.1
a).

The tests shall be performed at least three times to ascertain repeatability. Alternatively,
conditions a) and b) may be ignored if compliance is achieved when conducting each test
sequentially 10 times at a random phase angle.

For UPS requiring polyphase AC input power, observation of the input voltage waveform of
any of the phases is permitted.

Compliance is verified when the output voltage measured remains within the limits of Figure 2,
Figure 3 or Figure 4, as applicable.
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6.4.2.10.3  Stored energy mode to normal mode

With the UPS initially operating in stored energy mode, the input supply shall be reconnected
(at any angular position on the input supply waveform) and measurements shall be performed
as described in 6.4.2.10.1 a).

Where synchronization is a feature of the UPS, during a time interval covering the transition
back to normal mode, the input and output voltage waveforms shall be checked to ensure
that, at the point of transition, the phase angle between the input supply voltage waveform and
output voltage waveform does not exceed any limits stated.

NOTE The time required by the UPS to synchronize is variable. This test therefore requires instrumentation that
can Capt eadelaved timae avaent ln saoma caSes communication sianals fraom thg 1IDS qr rriggnr cignnlc within the
UPS can penerally assist in this test. Where this is not possible, the test is done by comparison of both waveforms
in time intervals.

Complignce is verified when, throughout the event, the output voltage measured femains
within the limits of Figure 2, Figure 3 or Figure 4, as applicable, followed by the steady state
values declared in 5.3.2 b).

6.4.2.10.4 Normal mode to bypass mode — Overload

Where the UPS has a bypass mode of operation that is automatiC under conditions df output
overload, the overload capacity test 6.4.2.9.1 shall be repeated to force bypass mode of
operatign due to overload. The input and output voltage waveforms shall be observefl during
transitigns from normal mode to bypass mode, and\yvice versa. Where in addition the
manufa¢turer declares that automatic change to bypass mode is inhibited if the [bypass
voltage pr frequency is out of tolerance (except undercertain fault conditions), the input supply
voltage pnd frequency shall be adjusted beyond the specified range to demonstrate compliance
with the|UPS specification beyond which the URS operation in bypass mode is inhibit¢d.

Complignce is verified when the output voltage measured remains within the limits of Higure 2,
Figure 3 or Figure 4, as applicable.

6.4.2.10.5 Step load

With thg UPS operating in normal mode at no load, apply a 100 % reference test Igad step
and megsure the dynamicperformance of the UPS output voltage.

Reduce|the load to 20.% of rated output active power by switching off the 80 % Igad and
measure the dynamie performance of the UPS output voltage.

Refer tg Figure 5 for load configuration and to Annex H for measurement techniques.

R t kL + + ot S S Y Lpc +3 H + Al Al
epeat metesrout Wit or s operatmgm—Stotret—_Eenetrgymote:

The test shall be performed with the step load applied to the output of the UPS at the peak
voltage within a tolerance band of £10°.

For polyphase UPS, the reference test load shall be applied to all output phases while any
output phase is at peak voltage with respect to neutral, or to another phase if neutral is not
available at the UPS output port. Voltage measurement of all output phases is required.

NOTE A typical test procedure consists of repeating the step load application at random until such time that the
required peak voltage condition is achieved.

Compliance is verified when the output voltage(s) measured remain within the limits of
Figure 2, Figure 3 or Figure 4, as applicable.
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6.4.2.10.6 Parallel redundant UPS failure

This test is required for UPS incorporating parallel redundancy. The test shall be conducted
with rated load applied to the UPS. By failure simulation, the redundant UPS functional units
or UPS units shall be made to fail (e.g. inverter semiconductor failure). The output voltage
transients and frequency shall be measured and shall comply with the manufacturer's declared
limits. Both high and low impedance failures in redundant UPS shall be considered.

NOTE Low impedance failure is typically simulated by shorting an appropriate power semiconductor in the
redundant UPS. High impedance failure is typically simulated by opening the connection to an appropriate power
semiconductor in the redundant UPS.

The manufacturer or supplier declare the dynamic output performance class with which the UPS
output yottage wittcompty white the fauttsimutation s performed:

Complignce is verified when the output voltage measured remains within the limits’of Higure 2,
Figure 3 or Figure 4, as applicable.

6.4.3 Stored and restored energy times
6.4.3.1 Stored energy time

Before garrying out this test, operate the UPS at no load in normalmode for a period ir] excess
of the restored energy time declared in 5.4.2.2 g).

Measur¢ the temperature of the energy storage devicevMmmediately prior to the tesg for the
purposg of calculating any applicable adjustment to, the stored energy time decjared in
5.4.2.21).

Assuminmg that the energy storage device is a battery, subject to any particular agfeement
between the purchaser and the UPS manufacturer, the reference temperature of the[battery
shall be[25 °C.

NOTE 1 |Similar consideration apply for other stored energy technologies.

Apply réference test load to the)JUPS output and disconnect the AC input power.

Measur¢ the voltage of the energy storage device while the UPS operates in stored|energy
mode.

Complignce is vertified when the UPS has operated in stored energy mode for a periqd equal
to the sfored energy time declared in 5.4.2.2 f) and when the measured voltage of the|energy
storagd device has not fallen below the cut-off voltage declared 5.4.2.2 q).

NOTE 2 '“ewtatterresoftemrdonotprovide futtcapacity anmdamumberof chargefdischarge cyctes tambenecessary
before full stored energy time is achieved.

6.4.3.2 Restored energy time (to 90 % capacity)

At the cessation of stored energy time test of 6.4.3.1, reapply AC input power to the UPS and
operate in normal mode, at nominal AC input power voltage and reference test load.

After the restored energy time declared in 5.4.2.2 g) has elapsed, the test of 6.4.3.1 shall be
repeated to obtain the new value of stored energy time.

Worst-case consideration should apply where the charging capacity, in normal mode of
operation, is affected by the amount of load applied to the UPS output.

NOTE Stored energy and restored energy times are influenced by ambient temperature and the values stated by
the manufacturer for restored energy time is the time to restore 90 % of rated capacity unless otherwise stated.
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Compliance is verified when the UPS has operated in stored energy mode for a period equal
to at least 90% of the stored energy time declared in 5.4.2.2 f) and when the measured voltage
of the energy storage device has not fallen below the cut-off voltage declared 5.4.2.2 q).

6.4.3.3 Battery ripple current

The AC component (RMS value) of the battery current shall be measured. The UPS shall
operate in normal mode and the battery shall be fully charged. Balanced and unbalanced
load conditions shall be measured. See 6.4.2.4. Worst-case ripple current shall be reported.

NOTE In the absence of a specific battery manufacturer specification, recommended ripple current limits for lead-
acid, NiCd and NiMH batteries are given in IEC 62485-2 (e.g. for lead-acid batteries 0,05 C under float charge).

Complignce is verified when the ripple current measured is equal to or less than that sfpecified
by the hjattery manufacturer.

6.4.3.4 Restart test

Automdtic or other restart means shall be tested after a complete shutdown of the UPJS.

Complignce is verified when the normal mode of UPS operation is returned per manufgcturer’s
design griteria.

6.4.3.5 Charger current limit

With th¢ UPS operating in normal mode with reference test load applied and with a fully
depleted energy storage device or a suitable DC load connected to the port intended for the
energy |storage device, the charging current shall 'be measured. Repeat the test at mpinimum
and maximum settings if adjustable.

This testt is only required for UPS capable.af supporting external energy storage deviges.

Complignce is verified when the values measured are within the tolerance bands deglared in
5.4.2.2 1).

6.5 Tlype tests — Environmental
6.5.1 Transportation
6.5.1.1 General

The follpwing. tests are intended to simulate the environmental transportation requiremgnts the
UPS is flesigned to meet. The transportation-related tests assess the construction of fhe UPS
in the shipping container against resistance to damage by normal handling operationg during
transpottatiot

6.5.1.2 Shock

The following steps shall be carried out on a complete UPS with a mass less than 50 kg,

excluding the transportation packaging and in the chronological order below.

a) As initial measurements, perform the light load and functional test (see 6.2.2.3).

b) Ensure the UPS is non-operational and pack it in its normal shipping state for transportation.

c) Subject the packaged UPS to two 15 g, half-sine shock pulses of 11 ms nominal duration
in all three planes, in accordance with IEC 60068-2-27.

NOTE No electrical measurements are taken during the test.

d) As final inspection after the above tests, unpack the UPS and check for signs of physical
damage or distortion to component parts.
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e) As final measurements, perform the light load and functional test. See 6.2.2.3.

Final measurements and requirements may be combined with those of the free fall test. See
6.5.1.3.

Consideration should be given to any test result consequences that may require dielectric tests
to be applied in accordance with the relevant safety standard.

Compliance is verified when the requirements of items d) and e) are satisfied.

6.5.1.3 Free fall

The follpwing free fall test steps shall be performed in the chronological order below,

a) As ilitial measurements, perform the light load and functional test. See 6.2,2.3.

b) Ensyre the UPS is non-operational and packed in its normal shipping state for
trangportation.

c) Testlthe UPS by allowing it to fall freely from a point of suspension ofto a solid surface. The
surface of the package which impacts the solid surface through the fall is the sutfface on
whigh the package normally rests.

The [following test conditions shall be met.
1)

The test shall be carried out twice.

2) The test shall be made with the UPS in its integral transport case or shipping $tate for
t
1

fansportation.
3)
4) The height of fall shall be measured fromcthe part of the UPS nearest to the test purface.

he height of fall shall be in accordance with’Table 6.

d) As final inspection after above tests, unpack the UPS and check for signs of physical
dampge or distortion to component parts.

e) As final measurements, perform th€light load and functional test. See 6.2.2.3.

Table 6 — Free fall testing

Mass of packed UPS Drop height

(kg) (mm)

<10 600
10,1 to 20 450
20,1 to 30 300
30,1 to 40 250
40,1 to 50 200
50,1 to 100 150

Table 6 is derived from level 3 of ISO 4180 (number of transhipments and level of external force
are considered to be general). For other levels and for masses greater than 100 kg, the free-
fall testing shall be governed by 1ISO 4180.

Consideration should be given to any test result consequences that may require dielectric tests
to be applied in accordance with the relevant safety standard.

Compliance is verified when the requirements of d) and e) are satisfied.


https://iecnorm.com/api/?name=2bd6c2a33cb85a157e61cb43d53aed4b

IEC 62040-3:2021 © IEC 2021 - 55—

6.5.2 Storage in dry heat, damp heat and cold environments

The following storage test steps shall be performed in the chronological order below.

a)

b)

c)

d)

e)

Complignce is verified when the requirements of d) and-e).are satisfied.

6.5.3 Operation in dry heat, damp heat and cold environments

The follpwing operation test steps shall be perfarmed in the chronological order below.

a)
b)
c)

d)
e)

f)

As initial measurements, perform the light load and functional test. See 6.2.2.3. Before
carrying out these tests, charge any internal energy storage device for the period defined
in the manufacturer's instructions.

Ensure the UPS is not operational, but packed in its normal shipping state for transportation
and storage with controls in shipping state.

Conduct tests as follows.

1) Dry heat as per the normal environmental conditions: +55 °C + 2 °C for a duration of
6 h using the test methad Bh of IEC 60068-2-2

bamp heat as per the normal environmental conditions: +40 °C £ 2 °C ata“humidity
etween 90 % to 95 % for a duration of 96 h using test method Cab of IEC. 60068-2-78.

0

¢

3) Cold as per the normal environmental conditions: —25 °C £ 3 °C for a’duration| of 16 h
where practicable using test method Ab of IEC 60068-2-1.

NOTE No electrical measurement are required during the tests.

As final inspection after the tests, unpack the UPS, inspect for signs of physical damage or
distqrtion to components and for corrosion of metallic parts.

As flinal measurements, allow the UPS to return to normal”"ambient temperatlire and
pressure and perform the light load and functional test, See 6.2.2.3.

Perfprm the light load and functional t&st. See 6.2.2.3.
Ensyre the UPS works in normal miode at rated input voltage and rated output poyer.
Congluct tests in the following seéquence.

1) Dry heat as per the normal'environmental conditions or as per the manufacturer}s stated

haximum value for a duration of 16 h using test method Bd of IEC 60068-2-2.

i
M

2) Damp heat at +30°C * 2 °C at a humidity between 72 % and 78 % for a duration of 96 h
ysing test method, Cab IEC 60068-2-78. This test only applies when the manufgcturer’s
dtated maximum temperature is above +30 °C.

3) Cold as perthe manufacturer's stated minimum temperature for a duration of 2|h using
bst methed Ab or method Ad of IEC 60068-2-1, as applicable. This test only| applies

q
t
when'the manufacturer’s stated minimum temperature is +5 °C or lower.
H

4) Repe€at the damp heat after the cold if both damp heat and cold apply.

Separate tests are permitted when the declared environmental conditions of the UPS
and the energy storage device differ.

Take measurements during testing as applicable to check that the UPS continues to function
according to this document in normal and stored energy modes of operation.

Repeat step a) after the UPS has returned to ambient conditions to confirm normal
operation.

As final requirements after the tests, perform the light load and functional test (see 6.2.2.3)
and check the UPS for signs of physical damage or distortion and that it continues to perform
in accordance with the initial characteristics.

Compliance is verified when the requirements of e) and f) are satisfied.
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6.5.4 Acoustic noise

The UPS manufacturer shall declare the acoustic noise level in the technical documentation.

NOTE The declaration generally takes the form of a technical data sheet. Annex D provides an example of a
technical data sheet.

The acoustic noise level shall be determined in accordance with the method of measurement
specified in ISO 3746, or as an alternative, ISO 3744, and governed by the normal positioning
expected in use (for example, table-top, wall-mounted or free-standing).

Values shall be measured when the UPS operates at reference test load under the following
conditions:

e normal mode, at normal input voltage;
e storpd energy mode.

The acdustic noise level to be declared is the A-weighted emission sound pressure level, L
expressed in dB (20 puPa) at bystander positions as follows.

pA,m

The bystander positions shall be at a horizontal distance of 1,00om-# 0,03 m from the |sides of
the UPY and at a vertical distance of 1,50 m = 0,03 m above the floor. Four bystander gositions
are cenfred horizontally at the front, rear, right and left sides of the UPS. If the length of any
side of the UPS exceeds 2,0 m, additional bystander positions at 1,0 m intervals should be
used. For wall-mounted UPS or for UPS placed againstthe wall, three bystander positjons are
centred|at the front, right, and left sides of the UPS.

The acdustic noise from audible alarms shall not®e included in the values stated.

The acdustic noise from fans required to operate under any rated condition shall be included
in the values stated.

Complignce is verified when the yvalues determined from the measurements are within the
values declared by the UPS manufacturer.

6.6 UPS functional unit.iests (where not tested as a complete UPS)
6.6.1 General

The UPH manufacturer shall design a UPS test program if submitting selected UPS functional
units to| performance tests prior to their final assembly and wiring into the UPS.

Any test result from UPS functional units shall be considered in conjunction with the|routine

r t toecte lictnd 1n TAhln E Thic 1o +tn Anoidn Aand cirithotantintn wwhnthar Aanmvy Af thn t t
or type lteststistedinFable5—This-is-to-decide—and-substantiate-whetherany-ef-these tests

may be simplified or waived due to UPS functional unit tests having been performed. The
objective is to prove compliance of the complete UPS with the requirements of the applicable
tests listed in Table 5.

Consideration shall be given to prove compliance through adequate calculation, for example
calculation of the efficiency of the complete UPS is facilitated when the efficiency or losses
of the UPS functional unit are known.

If previous type tests have been performed on a UPS functional unit, the original
manufacturer’s specifications shall be acceptable and no further type tests will be required for
that unit.

Subclauses 6.6.2, 6.6.3, 6.6.4 and 6.6.5 provide UPS functional unit test guidance for
consideration of the manufacturer.
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Compliance is verified when all applicable requirements of the tests listed in Table 5 have been
satisfied following final assembly and wiring of the complete UPS.

NOTE Subclause 6.1.3 provides additional information for completion and testing of a UPS intended for final
assembly and wiring on site.

6.6.2 UPS rectifier tests

Line-commutated UPS rectifiers shall be tested in accordance with the applicable tests in
Table 13 of IEC 60146-1-1:2009, i.e. all tests listed except safety and EMC tests 7.2, 7.4.2, 7.6
a) and 7.6 b) that are not part of the scope of this document.

Self-commutated UPS rectifiers shall be tested as UPS inverters in accordance with 6.6.3.

Complignce is verified when the UPS rectifier successfully passes all of the applicable tests
(for UPB type test) or 7.3.1 of IEC 60146-1-1:2009 (for UPS routine test). and when the
compliaphce condition in 6.6.1 is satisfied.

6.6.3 UPS inverter tests

UPS inyerter tests shall be performed in accordance with the applicable tests in Taple 4 of
IEC 60146-2:1999, i.e. all tests listed except safety and EMC tests/7.3.3, 7.3.8, 7.3.18| 7.3.20,
7.3.21 that are not part of the scope of this document.

Complignce is verified when the UPS inverter successfully passes all of the applicable tests
(for UPE type test) or passes 7.3.1, 7.3.2, 7.3.4 and. 7.3.5 of IEC 60146-2:1999 (jor UPS
routine|test) and when the compliance condition in6,6.1 is satisfied.

6.6.4 UPS switch tests

UPS swijitches that are integral to the UPS'@re tested in conjunction with the UPS.
UPS swlitches supplied separately.may be tested during a UPS site test. See 6.3.

An extefnal maintenance bypass switch is an example of a UPS switch that may be $upplied
separately. See Figure C.3.

Complignce with the requirements in this document characterises compliance of UPS switches
that arefintegral to the.UPS and no additional tests are required.

6.6.5 Energy-storage device tests

Energy|storage devices, for example batteries, shall be tested in accordance with their own
product lstandard-

Unless otherwise specified in the purchase contract, any additional UPS functional unit
performance tests on an energy storage device shall include, if deemed necessary by the UPS
manufacturer, tests to verify the performance of the battery under any special charging and
discharging regimes specified by the energy storage device manufacturer.

Stored energy time and restored energy time and any additional on-site testing shall be a
matter of agreement between the UPS manufacturer or supplier, and the purchaser.

Compliance is verified when the energy storage device has been tested compliant to its own
product standard and when the compliance condition in 6.6.1 is satisfied.
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Annex A
(informative)

Configurations — Uninterruptible power system (UPS)

A.1 General

The uninterruptible power system (UPS), as described in this document, is an electronic power
system. Its primary function is to provide specified continuity and quality of power to a user's
equipment in the event of a partial or total failure of the AC input power, which is usually the
public lgu-voltage power supply system.  This is accamplished by supplying power from the AC

input p

The use
or many
user ha
than thd
data p
instrumg
usually
time wh
stored

A variet
of powe
watts to

bwer and/or from the energy storage device to the user's equipment.

r's equipment, typically referred to as the critical or protected load, may consig

pieces of equipment located in a room or a building. This is the equipment
5 determined needs to be provided with power that has a better continuity ang
t power which is normally available. The critical load is predgminantly some
ocessing equipment, although it may be other equipment such as
bntation, pumps or communication equipment. The stored énergy to support th
n the form of batteries, may be needed to supply power tod¢he equipment fora s
ch may be momentary or for many hours. The time interval is commonly referr
bnergy time or back-up time.

of UPS have been developed to meet the user'sirequirements for continuity an
r to different types of loads over a wide range of power from less than one
several megawatts.

The follpwing text outlines the variation of UPS configurations ranging from a single unit
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presents the charagcteristics of typical arrangements in use.
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hple“a rectifier/battery charger and an inverter and performs in accordance w

manufacturer’s declaration. See 5.3.4. A single UPS generally presents an availability
consistent with equipment requiring reliability integrity level 1 (RIL-1 — see Annex K).

A.2.2

Basic single UPS

A basic single UPS is a UPS unit that contains no alternative circuit path for the purpose of
ensuring continuity of load power. See Figure A.1.

I________________i
| Basic single UPS |
ACinput | g0 Energy | | AC output
_ _>_
| power storage |
| converter device —l_ |
|

IEC

Figure A.1 — Basic single UPS
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In the case of an AC input power failure, the energy storage device, for example a battery,
will supply the power at a decreasing DC voltage until it is too low for satisfactory output of the
inverter. The type and capacity of the battery will determine the length of time the system can
operate without AC input power.

NOTE 1 Double conversion, line-interactive and standby UPS topologies, as detailed in Annex B, represent
examples of a basic single UPS.

NOTE 2 Itis acknowledged that some applications require, in addition to the AC output, a source of uninterruptible

DC power. Subject to an agreement between the UPS manufacturer and the purchaser, the DC power can be derived
from the DC link. Such DC requirements are excluded from the scope of this document.

A.2.3 Single UPS with bypass

A single UPS with bypass (see Figure A.2), is a basic single UPS to which a bypass_is added
for the gurpose of ensuring continuity of load power upon

a) failure of the basic single UPS, and

b) load current transients (overload, inrush or fault currents) exceeding the overload ¢apacity
of the basic single UPS and not exceeding capacity of the bypass.

Subject|to compatibility of the AC input power with the requirements for AC output, the addition
of a bypass increases the availability of load power.

The phyfsical implementation of the bypass may consist of semiconductors (e.g. thyristor, triac,
transistgrs) and/or of electro-mechanical devices (e.g<{relay, contactor), provided that the
bypass fontrol and activation design is compatible with\thé requirements specified for the UPS
in Clauge 5.

I________________i
I Basicsingle UPS |
ACinput I o Energy | | ACoutput
power storage — |
| converter device |
L o e e e e e o o — o — — — — I
——————— 1
Alternative | |
AC input :‘,x.-:: : Bypass I
(see Note 3) | |
------- > —] : ;ll |—
: |

IEC

NOTE 1 |The input and“output frequency is normally the same and, if the voltage levels are different,|a bypass
transformpr is used«Kor some loads, the UPS and the bypass AC input are synchronized to maintain conftinuity of
load power.

NOTE 2 |[AMPS/switch is used to connect or disconnect the basic single UPS to or from the AC output.

NOTE 3 Separate AC input feeds for the static power converter and for the bypass can be used subject to
compatibility requirements, if any, to be disclosed by the UPS manufacturer.

NOTE 4 An overall maintenance bypass switch can be added to the bypass for servicing purposes.

NOTE 5 The use of bypass introduces the possibility of an AC input disturbance affecting the load.

Figure A.2 — Single UPS with bypass

A.3 Parallel UPS

A.3.1 General

A parallel UPS comprises two or more UPS units with AC outputs connected to a common AC
output bus. The energy storage device(s) in a parallel UPS are either dedicated to each UPS
unit or shared between several UPS units.
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NOTE UPS switches can be used in parallel UPS applications to connect or disconnect UPS units to or from the
common AC output bus.

The total quantity of single UPS units in a parallel UPS equals

n+r

where

n is the quantity of single UPS units required to support the load;
r is the quantity of redundant UPS units.

an availability higher than that of the corresponding basic single UPS because any UPS unit

A parallel redundant UPS contains at least one redundant UPS unit ("n + 1") and 1resents
ntinuity

may be |jsolated in case of failure or for maintenance procedures without affecting,the c
of powef to the load.

A parallgl capacity UPS contains no redundant UPS unit ("n + 0") and presents an availability
lower thian that of the corresponding basic single UPS because the fallure of any UPS ynit may
affect the continuity of load power.

A.3.2 Parallel UPS with common bypass

This configuration consists of a paralleled basic single URS with one common overall|bypass
fitted. Spe Figure A.3.

e A ———— -
— Basic single UPS (1) :_>_
Y 2 U
r——— s\ - ——— -
A —" Basic'single UPS (2) L5 | ACoutput
AC input LN _ F——————= | common bus
|
T ~———- A -
———— Basic single UPS (n + r) —
Alternative tL—t—,—--—————
AC input —_—————— 9
(see Note 3 L | Bypass |
of Figure A2) |/ | |
............. > I‘EZF:'* —
I [

NOTE Nptes 1 te-5 of Figure A.2 apply.

Figure A.3 — Parallel UPS with common bypass

A.3.3 Parallel UPS with distributed bypass

This configuration consists of paralleled UPS with bypass designed to ensure that, when the
UPS operates in bypass mode, the rated load current flows through the distributed bypass
units without overloading any of them. See Figure A.4.
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r e ___
AC input ] - !
— - — Basic single UPS (1) | : -
I ________________
| |
| Bypass (1) I_DH | AC output
t } common bus
........ - I S<H J|  —
Alternative | | 2 T T T T TTTTTTTTTTTT
AC input rTT T T T T T T T T T T T 1
(see Note 3 [
of Figure A.2) —»—:—| Basic single UPS (2) |—=—->—
| |
I Bypass (2) |—[>|4| I
T
' -
I‘::::::::::::::_—:}
|
|5 || BasicsingleUPS(n+r) |l g
S |
| |
| Bypass (n + r)
= e
|

5

EC

NOTE Nptes 1 to 5 of Figure A.2 apply.

Figure A.4 — Parallel UPS with<distributed bypass

A.3.4 Standby redundant UPS

The stgndby redundant UPS configuration\.comprises a minimum of two single UPS with
bypass fonfiguration. The bypass input of the working UPS (that supplies power to th¢ critical
load), i$ fed by the AC output of the idling'UPS. Usually the basic single UPS of the |working
UPS supplies power to the load and.tfansfers the load to the idling UPS in case of failure of
the working UPS. See Figure A.5.
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rrse"--—-- =
: T | : AC output
AC input | | | |
p+—— Basic single UPS Load
| | | |
| L 1 |
| |
| |
| |
| ————— |
,:—: Bypass :
| S |
| |
| |
| Single UPS with bypass (working) |
Alternative 0@ | =-=-=-—-77777777=7=—=

C input
ee Note 3
of Figure A.2)

Tl

=

ternative
AC input
dee Note 3
of Figure A.2)

—

moTT T
| Bypass
|

—_————

bl <~ 1
s o 0

_______________ IEC

NOTE Nptes 1 to 5 of Figure A.2 apply.

Figure A.5 — Standby 'redundant UPS

A variatjon of the standby redundant UPS _configuration consists of two or more work|ng UPS
connected to one idling UPS.

A.4 Dual bus UPS

A.4.1 Basic dual bus UPS

A basic dual bus UPS comprises any two UPS configurations of Annex A whose AC outputs are
connected to separate‘buses. See Figure A.6.

AC output

AC.inmput roTT T T T T T T T T T T BUS A
UPS A I _ L _
e b r 1
| Dual |
| input |
| |

load
______________ AC output
e — UPS B I

IEC

NOTE Notes 1 to 5 of Figure A.2 apply.

Figure A.6 — Dual bus UPS
Dual bus configuration is primarily intended to supply loads that accept dual input supply.

A basic dual bus configuration UPS is normally designed with redundancy so that any of the
two buses is capable of supplying the total load ("2n"). The redundant dual bus UPS presents
an availability higher than that corresponding a parallel redundant UPS configuration with the
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same quantity of UPS units. This is a result of the fault tolerant AC output configuration where,
in addition to supply redundancy, a fault on one bus does not affect the other bus.

NOTE Dual bus configuration requires duplicated supply wiring to the load.
A.4.2 Standby redundant dual bus UPS

Dual bus configuration intended to supply loads that accept only a single input supply may be
implemented with the use of a fault tolerant transfer system. The transfer system ensures that
power from only one of the two buses is supplied to the load and transfers the load to the idling
bus in case of a source-initiated failure. See Figure A.7. See 5.5 for references to transfer
systems.

NOTE Spme loads require UPS A and UPS B to be synchronized for the purpose of maintaining continuify of load
power dufing the transfer of supply.

AC output
AC input e T T 0 00 I BUSA
—_— UPS A } -

AC output
_____________ AC output

AC input | 1 BuUsSB
S — UPS B : D

_—— e ———

Figure A.7 — Standby.redundant dual bus UPS
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Annex B
(informative)

Topologies — Uninterruptible power system (UPS)

B.1 General

Annex B describes popular UPS topologies in use and the mode of operation of each of these
in form of a block diagram. The energy storage device is commonly a battery and has been
symbolised as such throughout Annex B. But other forms of energy storage devices are
equally passible See 5.4 1

Additiorjal circuits and components such as filters (transient and EMC) _and  isolation
transformers may be required depending on the topology, the load requirements and the AC
power djstribution system. These details are omitted for simplicity. The technical meritq are not
discussed, and the purchaser should verify with the vendor the suitability ef~any system for the
intended load equipment.

B.2 [Double conversion topology

Double-conversion topology comprises an AC to DC converter, generally a rectifier, ahd a DC
to AC cpnverter, generally an inverter. See Figure B.1,

AC input . DC link AC output
[ Rectifier Inverter _

Energy
storage
device

IEC
Figure B.1 — Double conversion topology

In normal mode of.operation, the load is continuously supplied by the rectifier/inverter
combination.

The DC|link.may be directly connected to the energy storage device or through a D to DC
convertlery a’switch or a semiconductor. Recharge of the energy storage device [may be
provided by‘the rectifier or by other means, for example by a dedicated charger.

When the AC input power is out of UPS pre-set tolerances, the UPS enters stored energy
mode of operation where the battery/inverter combination continues to support the load for
the duration of the stored energy time or until the AC input returns to UPS design tolerances,
whichever is the sooner.

The double conversion topology is often referred to as an "on-line UPS" meaning the load is
always supplied by the inverter. The term "on-line" also means "on-the-mains”. To prevent
confusion in definition, the term "on-line" should be avoided and the term "double conversion”
used.

NOTE A double conversion UPS is an example of a UPS providing VFI performance (see 5.3.4).
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B.3 Line-interactive topology

Line-interactive topology comprises bidirectional AC to DC power conversion, generally through

a bidire

ctional converter and an AC power interface. See Figure B.2.

In norn
connect|
interfac
output f

When th
and bat
AC pow
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AC inp(

NOTE 1

NOTE 2

generally
interface
incorpora

AC input . AC output
——1 Power interface
[
Bidirectional
converter

——» Normal mode

— — 9 Stored energy mode

—— Energy
—__IE' storage
device

IEC
Figure B.2 — Line-interactiye‘topology

al mode of operation, the load is supplied>with conditioned power via a
on of the AC input and the bidirectionalkconverter. The converter or th

equency is dependent upon the AC input frequency.

e AC input power voltage or frequency is out of UPS pre-set tolerances, the cg
tery maintain continuity of lead power in stored energy mode of operation

runs in stored energy mode for the duration of the stored energy time or
t power returns within UPS design tolerances, whichever is the sooner.

The nature of this'design requires an impedance between the AC input power and the convert

The convetter is either of bidirectional design as described above, and the AC input power
consists_0f a passive impedance. Alternatively, the converter is unidirectional, and the AC inp
consists—-of a power conditioner. In this case, a separate charger for the energy storage
ed,

er interface disconnects thenAC input power from the bidirectional converter.

parallel
e power

b is operating to provide output voltagé’conditioning and/or battery charging. The

nverter
and the

until the

Br.

interface
ut power
device is

NOTE 3

A line-interactive UPS is an nvnmpln of a UPS prn\lir’ling AVA| pnrfnrmnnt‘n (an 53 A)

B.4 Standby topology

Standby topology comprises a battery charger, a DC to AC converter, generally a uni-
directional inverter and a UPS switch. See Figure B.3.
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In norm
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mode of operation, and the load is transferred to the inverter directly or via the UPS s

AC input
— 3
UPS AC output
switch
J
T »
= Normal mode
Inverter
“““ ¥ Stored energy mode
AC input ¢
Inpu Battery !
charger !
1 Energy
—L__ storage
device

IEC
Figure B.3 — Standby topology.

al mode of operation, the load is supplied with AC,input power via the UPS
e ACinput power is out of UPS pre-set toleranceS)the UPS unit enters stored

switch.
energy
witch.

The battery/inverter combination maintains continuity of load power for the duratign of the

stored energy time or until the AC input powgrreturns to within UPS pre-set toleran

the load
In activd

In pass
input p

Standby
power is
means
operatid
standby

NOTE 1

is transferred back, whichever is the\sooner.
standby operation, the inverter is normally operating at no load.

ve standby operation, the(inverter is normally not operating but activated u
pwer failure.

topology is often~referred to as an "off-line UPS", meaning electronically con
fed to the load when the AC input power is out of tolerance. The term "off-li
not-on-the-mains" when in fact the load is fed from the mains in normal 1
n. To preyent confusion, the term "off-line" should be avoided and the term '
" used.

The,UPS transfer switch can be electro-mechanical or electronic (see Clause C.2) depending o

ces and

pon AC

ditioned
ne" also
hode of
passive

h the load

requiremgq

nts:

NOTE 2

NOTE 3

A standby UPS is an example of a UPS providing VFD performance. See 5.3.4.

Incorporation of additional devices to provide conditioning of the AC input power, for exampl

e a ferro-

resonant transformer or an automatic tap-changer, turns a passive standby UPS into a line-interactive UPS.


https://iecnorm.com/api/?name=2bd6c2a33cb85a157e61cb43d53aed4b

IEC 62040-3:2021 © IEC 2021 - 67 —

Annex C
(informative)

Switch applications — Uninterruptible power systems (UPS)

C.1 General

Annex C describes the general characteristics and applications of UPS switches that are
integral to a UPS.

Th ol H=S + il 11D Q£ 1 ] H'S £ +lo £ HIS P t t
ese gwirtrres—Mhreractwitt—or o rtirctroar ohttSTrormepurposSe—orMamtatmg—Copnlnuity

of load|power under specified conditions, including fault and maintenance conditiong. Other
switche$ or breakers, encountered in conventional electrical distribution boafds; such as
rectifief input switches, battery disconnect switches and general-purpose breakers or gwitches
are not |ncluded in this discussion.

NOTE 1 |[Stand-alone static transfer systems (STS) that are not integral part of a UPSrare/excluded from the scope
of this dogument. STS test and performance requirements are covered in IEC 6231043

NOTE 2 |The UPS switches shown in the diagrams of Annex C are represented-as separate units. In gractice, a
UPS switph can be contained within a UPS unit.

C.2 Transfer switches, bypass transfer switches

Figure €.1 shows a transfer switch (EPS-TRA) that.connects the load either to the qutput of
a UPS gr to an alternative supply, for example the bypass. A transfer switch typically gmploys
two eleg¢tronic power switches (EPS1 and ERS2).

EPSTRA
AC input?
UPS 0 Load
H a
AC input EPS
2

IEC

a8 AC inputs may be'tied.

Figure C.1 — Bypass transfer switch

A bypa< stransfer switch is used to pratect the load againqt power disturbances ar intd rruption

arising from inrush or fault currents that would otherwise overload the UPS or from unavailability
of power during UPS failure or maintenance.

NOTE 1 Depending on the conditions prior to a transfer occurring, either synchronous transfer or asynchronous
transfer occurs.

NOTE 2 Typical transfer switch characteristics include

— electronic power switches — very fast opening and closing times,

— mechanical power switches — air-gap isolation when open and high overload capacity when closed, and

— hybrid power switches — very fast closing time and high overload capacity when closed.

C.3 Maintenance bypass switches

For the purpose of ensuring continuity of load power during maintenance activities, a UPS
maintenance bypass switch (MBS) provides an alternative supply path to the load that
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otherwise is supplied from the UPS through electronic power switches (EPS) and their
associated mechanical power switch(es) for isolation (ISO). Figure C.2 and Figure C.3 show
examples of UPS maintenance bypass switches.

e e et ey
|
AC input @ : EPS ISO i
il R 1 / ' Load
I !
| |
I !
I !
I !
I !
AC input ® i ISO EPS ISO !
T 7 7 3 t
| |
| |
| |
. MBS I
| |
P g ! IEC
a8 AC inputs may be tied.
Figure C.2 — Internal maintenance bypass switch
o O2 |
| |
AC input @ :
=R Ups + E?S '810 '830 . Load
! |
! |
! |
! |
! |
! !
AC input @ | 180 EPS | | !
! 2 2 !
I ____________________________ [
AC input @
MBS
IEC
a8 AC inputs may be tied.
Figure C.3 — External maintenance bypass switch
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Annex D
(informative)

Purchaser specification guidelines

D.1 General

A variety of UPS are available to meet the user requirements for continuity and quality of power
to different types of loads over a wide range of power from less than one hundred watts to
several megawatts.

Annex D has been compiled to assist purchasers to formalise criteria important.|to their
applicatjon and/or to confirm agreement with conditions declared by the manufacturet/gupplier.

For an g¢xplanation of typical UPS configurations, modes of UPS operation and topologies, the
reader's attention is drawn to Annex A, Annex B and Annex C.

The UPP technical data sheet contained in Annex D presents a summary of the nornal and
unusuall environmental and electrical conditions to be considered. This data shget also
referenges the specific subclause of concern. The reader’'s @atténtion is drawn to Qlause 4
(environmental conditions) and Clause 5 (electrical conditions))

The follpwing additional topics should also be considered.

D.2 lYoad to be supplied by the UPS

The diversity of types of load equipment and-their relevant characteristics are always changing
with technology. For this reason, the UPS output performance is characterized by loading with
passive|reference loads to simulate, as)far as practical, the expected load types, but if cannot
be takgn that these are totally representative of the actual load equipment in ja given
applicatjon.

The UPS§ industry has generally specified UPS output characteristics under conditions ¢f linear
loading], i.e. resistive or¢resistive/inductive. Under present technology, many loads pfesent a
non-lingar characterisfic due to power supplies of the rectifier capacitor type either gingle or
poly-phase. See Annex E.

The effgct on the-output of the UPS by non-linear loads both in steady state and dynamic is,
in many cases, to cause deviation from the output characteristic specified [by the
manufagturer/supplier where these are quoted under linear load conditions.

Due to the higher peak to RMS steady state current ratios, the output total harmonic voltage
distortion may be increased beyond the stated limit. Load compatibility with higher levels of
total harmonic voltage distortion is a matter of agreement between the manufacturer/supplier
and the purchaser.

Application of non-linear load steps may result in a deviation from the linear dynamic voltage
characteristics due to high transient inrush currents relative to steady state, especially where
the UPS employs electronic current limiting in normal mode of operation.

These effects of high transient inrush currents on the load voltage may be tolerable where
these loads are the first to be energized or have no deteriorative effect on the loads already
connected. This effect applies to switching of transformers or other magnetic devices subject
to magnetic remanence and to loads containing capacitors.
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Some UPS topologies utilise a static bypass switch to support high inrush current to permit
economic sizing of the UPS. While single units may not support high inrush currents when the
bypass is unavailable, redundant UPS often can.

Where the load is sensitive to frequency variation beyond typical public low-voltage power
supply system limits or is sensitive to voltage variation or distortion of the supply waveform, the
choice of the best UPS topology for these applications should be investigated.

The advice of the manufacturer/supplier should be sought in respect of these matters.

Examples of loads that should be identified by the purchaser include IT equipment in general,
motors, saturating transformer power supplies. diode rectifiers, thyristor rectifiers. switched
mode power supplies.

Exampl¢s of special features or requirements of loads include their operating dyty, any
unbalance between phases, non-linearity (generation of harmonic currents)) branch-circuit
fuse and breaker ratings, maximum step load and load profile, required method of copnection
of loadg to UPS output.

D.3 Energy storage device (battery — where applicabl€)

The engrgy storage device is generally recommended’, by the manufacturer/supplier for
compatipility with the UPS design. The purchaser may nevertheless identify requifements
related fo the following:

a) type|of battery/batteries and construction;

b) nomiinal voltage, number of cells, ampere hour capacity (if supplied by purchaser);
c) ratef stored energy time;

d) ratef restored energy time;

e) service life required;

f) presence of other loads on battéry and their voltage tolerances;

g) availability of separate battery rooms;

h) protection and isolationtdevices;

i) spedial requirements regarding, for example, battery ripple current;

j) openating temperature;

k) cut-off voltage;

) temperature compensated charging voltage/boost or equalization requirements.

D.4 Pnysical and environmental requirements

If physical and environmental requirements are other than those of Clause 4 and Clause 5, the
purchaser should specify the following:

a) efficiency at specified load conditions;

b) ambient temperature range of operation;

c) cooling system (UPS and battery installation);

d) instrumentation (local/remote);

e) signal, control and communication ports;

f) special environmental conditions: equipment exposed to fumes, moisture, dust, salt, air,
heat, etc.;
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g) special mechanical conditions: exposure to vibration, shocks or tilting, special
transportation, installation or storage conditions, limitations to space or weight;
h) performance limitations regarding, for example, electrical and audible noise;
i) future extensions of the UPS system.
D.5 UPS technical data sheet — Manufacturer's declaration
A recommended format for the test report is provided in Table D.1.
Table D.1 — UPS technical data — Manufacturer’s declaration
Stibclause Manufacfurer’'s
description Declared characteristic Units/Value declared|value
[test item] [default yalue]
General
Model Mar}ufac_turer's
designation
3.5.35
5.3.2j) Rated output apparent power VA
3.5.36 .
5.3.2j) Rated output active power w
Performance, configuration and\topology
5.3.21a) Performance classification
[6.2.2.7] VFD BB CC
[6.4.1.2] VI BB CC
[6.4.1.3] VFI BB CC
Multiple normal mode URS Yes/no
3.3.7] If yes, applicable set ofinput (VED, VI, VFI),
[Annex F] dependency charactefistics (VFD, VI),
(VFD, VFI)
(VI, VFI)
Single
5.1.1 . _ Parallel
Annax A Configation Redundant
Dual bus
Bypass
Double-
5.1.1 Topolo conversion
Anngx B pology Line-interactive
Standby
Operating conditions — Environmental
Dimensions in use/installed
(height x width x depth) HXWxDmm
Mass in use/installed
(with energy storage device if kg
integrated)
4.1, 4.3.2 Pollution degree [PD2]
4.2.2.1,4.3.2 Ambient temperature range, operating oc [+15 °C to
[6.5.3] +30 °C]
. - . %
4.2.2.1,4.3.2 Relanye humidity, ambient range, (non- [10 % to 75 %]
[6.5.3] operating .
condensing)
Altitude, maximum operating
[sea-level to
4.2.2.2,4.3.2 — without output power derating m 1 000 m]
4.3.2, Table 2 — with output power derating m [3 000 m]
at .... % power at 90 % power
4.3.2 Other unusual operating conditions yes (details), no
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Subclause Manufacturer’'s
description Declared characteristic Units/Value declared value
[test item] [default value]
Acoustic noise: A-sound pressure
(L atlm
6.5.4, pAM
[6.5.4] — in normal mode dB (20 pPa)
— in stored energy mode dB (20 pPa)
Storage and transportation conditions — Environmental
4.2.3,4.3.3 . o [-25 °C to
[6.5.2] Ambient temperature range C +55 °C]
4.2.3,4.33 Relative humidity—ambient ranae % (non- 110 % ta 0
[6.5.2] t s ¢ N condensing) r 9 95 %]
4.2.3 4.3.3 Altitude, maximum permitted M [3-000 m]
or Qr
Ambient air pressure, minimum kPa [70 kPa
permitted
423 433 Energy storage device, specific storage yes (details) o
or transportation conditions
4.3.3] Other unusual storage and yes (details), no
transportation conditions
5.2 UPS input specification
5.2.2a) Number of phases
5.2.2/b) Neutral requirements
5.2.2c) .
16.4.1.4] Rated input current A
5.2.2(d)
[6.4.1.8] Input power factor
5.2.2e) Inrush current %
[6.4.1.6] S
5.2.2f) Maximum input eurrent A
[6.4.1.5]
5.2.219) Input current at overload capacity %
[6.4.2.9.1] (wherevapplicable curve of current S
against time)
5.2.2(h), - . 0
16.4.1.7] Total harmonic distortion of current %
5.2.2) Minimum short-circuit power (S,.)
capacity required from the AC input VA
power
5.2.2)) Earth leakage current mA [< 3,5 nfA]
5.2.21K) AC power distribution system TN TT- IT
compatibiity
5.2.2 m) Rated input voltage \%
[6.4.1.3] [+ 10 %]
Input voltage tolerance band + %, - % -
5.2.2'm) Rated input frequency Hz
0,
[6.4.1.3] Input frequency tolerance band v %~ 0 [+ 2 %]
5.2.3 a) UpPs co_mpatlblllty Wlth u_nusual input yes (details), no
harmonic voltage distortion
5.2.3 b) UPS compatlb_|l|ty W|th specific input yes (details), no
supply protective devices
UPS compatibility with all-pole isolation
523¢) from the AC input power yes, no
5.2.3 d) UPS compatibility with a specific yes (details), no

standby generator
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Subclause Manufacturer’'s
description Declared characteristic Units/Value declared value
[test item] [default value]
5.3 UPS output specification
Rated output voltage \%
5.3.2 b)
RMS output voltage tolerance band + %, — %
5.3.2)) Rated output current A
5.3.21), Minimum inverter current limit (ik1, ik2, % or Agys
[6.4.2.9.3] or ik3 as applicable)
(% of rated current or actual current (A)
and sustaining time) S
Rated fl\:qucu\,y Hz
5.3.7¢) Free-running output frequency
; + %, — %
tolerance band (non-synchronized)
Output frequency tolerance band
accepted by the UPS inverter for .
2 . (min) to (max)
5.3.2d) synchronization with an external source bz
[6.4.1.3] Maximum phase angle between the dodrees
inverter and external source voltage 9
waveforms;
5.3.2)e), Rate of change of frequency (slew-rate) Hz/ls
[6.4.1.3] when synchronizing
5.3.2f) Number of phases available
5.3.29) Neutral availability yes, no
S [AC inplit power
5.3.2/h) é\;:mp(;vtvieb?”(tjlstnbutlon system TN, TT or IT system Heclared
P y in 5.2.2[K)]
5.3.2) Total harmonic distortian, of voltage:
6.4.2.2
{6.4. _31 — normal mede % [THD dgclared in
i (If multipte normal mode 5.3.2 a)
UPS, for each applicable
input dependency
characteristic % [THD ddclared in
L )stored energy mode 5.3.2a)
5.3.20a) ) [Dynam|c output
[6.4.2.10.5] Bynamic output performance following Dgrr;sm(;r?gépm performpnce
[Annex H] & step load application (F:)Iass 1.20r3 class dgclared in
' 5.3.2 a)
Overload capacity
— normal mode % /s
— stored energy mode % /s
5.3.2{k) (See Bypass
[6.4.2.9.1] — bypass mode section in this
Table D.1)
RMS output voltage tolerance band Yes/no
affected?
If yes, new tolerance band + %, - %
5.3.2 m), Fault clearing capacity (max. protective A
[6.4.2.9.2] device) trip curve| [C IEC 60898-1]

— normal mode

dynamic output
performance
class 1, 2, 3,
or

clearing time
(ms)

[Class 3]
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Subclause Manufacturer’'s
description Declared characteristic Units/Value declared value
[test item] [default value]
— stored energy mode A
trip curve| [C IEC 60898-1]
dynamic output [Class 3]
performance
class 1, 2, 3
or
clearing time
(ms)
[rated output
5.3.2n) Load power factor at rated load active ppwer/
rated oytput
appafer]t power]
5.3.90) Permissible displacement power factor % Lead to
- tolerance band of the load (cos ®) % Lag
5.3.2p) Voltage unbalance resulting from
[é 4 p4] 100 % load unbalance ratio (polyphase %
T UPS only)
UPS efficiency in normal mode
If multiple normal mode UPS, for each
applicable input dependency
characteristic %
(]
6418 - Moo
[Annex J] _ Eff75 % %
- Effggy, %
- Effygy, %
[Annex 1] - Effy, %
5.3.21) No load losses
-, ' If multiple normal mode UPS, for each
[6.4.1.10] - i W
[Annkx J] applicable input dependency
[ characterjstic
Parallel redundant UPS failure
[dynamiE output
— High impedance failure Dynamic output performpnce
performance class dgclared in
5.3.2)s) class 5.3.2a)
[6.4.2.10.6] 1,20r3
— Low impedance failure Dynamic output [Class J]
performance
class
1,2o0r3
5.3.L t), Ratcd Uutput autivc PUWTT dlld |atcd ‘V‘V‘
[6.4.2.6] output apparent power for a system
consisting of two UPS operating in VA
parallel (if applicable)
Bypass (as applicable)
5.5.1, Internal
Clause C.3 Maintenance bypass switch or
6.2.2.3 External
g
Static
Clause C.2 : ) or
' Automatic bypass switch
[6.2.2.3 )], electro-
[6.2.2.9] mechanical
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Subclause Manufacturer’'s
description Declared characteristic Units/Value declared value
[test item] [default value]
<0,1ms
5.3.4.4: 15t character . . <1,0ms
Bypass switch transfer time
[6.4.2.10.4] <10 ms
>10 ms
5.2.2 a) Number of phases
5.2.2 b) Neutral requirements
5.2.2¢c) Rated current A
5.3.2k) Overload capacity: %
[6.4.2.9.1] % of rated current and time duration s
Bypass protective device rating A
5.2.3(b)

Trip curve [C IEC 6$0898-1]
5.2.2j) Earth leakage current mA [< 3,5 nfA]
5.2.24d) Power factor
5.2.2) Minimum short-circuit power (S,.)

capacity required from the AC input VA
power
5.2.2k) AC power_d|str|but|on system N TT: 1T
compatibility
5.2.21) Rated voltage \Y
[+10 %
Voltage tolerance band + %, - %
5.2.2 m) Rated frequency Hz
[£ 2 %]
Frequency tolerance band + %, - %
Clauge B.1 Bypass isolation-transformer (details)
5.2.2)e) Inrush current (if transformer or %
inductorisssupplied) S
5.4.2 Energy storage device — Battery
5.4.22 a) Service life years
5.4.2.2 b) Quantity of blocks or cells and of
paralleled strings if more than one
string
5.4.2.2 c) Nominal string voltage V DC
5.4.2.2 d) Battery technology Vented or valve-
regulated lead-acid,
NiCd, NiMH, Li-lon,
etc.
5.4.2.2 e) Nominal capacity of total battery and Ah Ah
reference discharge rate (Cx rate) Cx [C10]
5.4.2.2 1) Stored energy time (back-up time at hh:mm
[6.4.3.1] reference test load)
5.4.2.2 g) Restored energy time (recharge time to hh:mm
[6.4.3.2] 90 % capacity)
5.4.2.2 h) Ambient temperature at which battery °C
performance is rated
5.4.2.20) Earth condition of DC port (remote (+), (-) or centre or
battery only) Not earthed
5.4.2.2 i) Isolation of DC port from input and/or |- Referenced to

output (remote battery only)

input or output, or
- Isolated from input

and output



https://iecnorm.com/api/?name=2bd6c2a33cb85a157e61cb43d53aed4b

- 76 — IEC 62040-3:2021 © IEC 2021
Subclause Manufacturer’'s
description Declared characteristic Units/Value declared value
[test item] [default value]
5.4.2.2)) battery ripple current during normal % of the numerical

mode operation (if exceeding 5 % of
total battery Ah capacity)

Ah capacity [C10
discharge rate]

5.4.2.2Kk)tor)

Additional characteristics provided by
the battery supplier for a remote battery

5.4.2.3 Additional or unusual conditions
5.6 Communication circuits
5.6 Signal, control and communication

ports available

NOTE Fpr information, the manufacturer can complement Table D.1 with safety, electromagneti¢ compafibility and
environmental characteristics of IEC 62040-1, IEC 62040-2 and IEC 62040-4.
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