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INTERNATIONAL ELECTROTECHNICAL COMMISSION

RECIPROCATING INTERNAL COMBUSTION ENGINE DRIVEN
ALTERNATING CURRENT GENERATING SETS -

Part 11: Rotary uninterruptible power systems —
Performance requirements and test methods

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardizatien’cdmprising

all njational electrotechnical committees (IEC National Committees). The object of IEC s to
i ational co-operation on all questions concerning standardization in the electrical and electronic fields. To
nd and in addition to other activities, IEC publishes International Standards, Technical Specifications,
ical Reports, Publicly Available Specifications (PAS) and Guides (hereaftérreferred to
ication(s)”). Their preparation is entrusted to technical committees; any IEC Natiohal Committee i

subject dealt with may participate in this preparatory work. International) governmental

ment between the two organizations.

sted IEC National Committees.

promote

as “IEC
terested
gnd non-

nmental organizations liaising with the IEC also participate in this prepafatien. IEC collaboratep closely
he International Organization for Standardization (ISO) in accordance_ with conditions determined by

rmal decisions or agreements of IEC on technical matters express, as nearly as possible, an intgrnational
nsus of opinion on the relevant subjects since each technical committee has representation|from all

ublications have the form of recommendations for intepnational use and are accepted by IEC|National
ittees in that sense. While all reasonable efforts aresmade to ensure that the technical conte

t of IEC

Publipations is accurate, IEC cannot be held responsibleMor the way in which they are used o1 for any

er to promote international uniformity, IEC Natiohal Committees undertake to apply IEC Publications
arently to the maximum extent possible in their national and regional publications. Any diyergence
en any IEC Publication and the corresponding national or regional publication shall be clearly indicated in

the Igtter.

5) IEC provides no marking procedure to_indicate its approval and cannot be rendered responsiblel for any
equigment declared to be in conformity witbh“an IEC Publication.

6) All ugers should ensure that they have the latest edition of this publication.

7) No ligbility shall attach to IEC or\its directors, employees, servants or agents including individual experts and
mempers of its technical committees and IEC National Committees for any personal injury, property dgmage or
otherl damage of any nature\Whatsoever, whether direct or indirect, or for costs (including legal fees) and
expepses arising out of(the' publication, use of, or reliance upon, this IEC Publication or any ofher IEC
Publigations.

8) Attention is drawn 4o\the Normative references cited in this publication. Use of the referenced publidations is
indispensable forthe*correct application of this publication.

9) Attention is drawn to the possibility that some of the elements of this IEC Publication may be the sjubject of

patent rights\ TEC shall not be held responsible for identifying any or all such patent rights.

Internafional Standard IEC 88528-11 has been prepared jointly by IEC technical commnjittee 2:

Rotating machinery, and ISO technical committee 70: Internal combustion engines.

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

FDIS Report on voting
2/1275/FDIS 2/1280/RVD

Full information on the voting for the approval of this standard can be found in the report on

voting indicated in the above table.

This publication has been drafted in accordance with the ISO/IEC Directives, Part 2.
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The committee has decided that the contents of this publication will remain unchanged until
2007. At this date, the publication will be

* reconfirmed;

* withdrawn;

» replaced by a revised edition, or
+ amended.

IEC 88528-11 is integrated into the ISO 8528 series listed below, under the general title
Reciprocating internal combustion engine driven alternating current generating sets:

Part 1:
Part 2:
Part 3:
Part 4:
Part 5:
Part 6:
Part 7:
Part 8:
Part 9:

Part 10:
Part 12:

Application, ratings and performance

Engines

Alternating current generators for generating sets

Controlgear and switchgear

Generating sets

Test methods

Technical declarations for specification and design

Requirements and tests for low-power generating sets. (available in English on
Measurement and evaluation of mechanical vibrations (available in English on
Measurement of airborne noise by the enveloping surface method

Emergency power supply to safety services

ly)
y)



https://iecnorm.com/api/?name=c993cb8e0ddea83f4f30d61308e37a71

88528-

1 Sc

This International Standard, which forms part of the I1SO 8528 series, specifies

includin
arising
applies|
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RECIPROCATING INTERNAL COMBUSTION ENGINE DRIVEN
ALTERNATING CURRENT GENERATING SETS -

Part 11: Rotary uninterruptible power systems —
Performance requirements and test methods

ope

criteria,

g performance and test methods, for rotary uninterruptible power systems
out of a combination of mechanical and electrical rotating machines. This)s
to power supplies primarily designed for supplying uninterrupted a.c.Cpower

reciprocating internal combustion (RIC) engine and the output power is prov
more rotating electrical machines.

al power for stationary land and marine use, excluding_supplies for aircra
5 or locomotives. It also excludes power supplies where\the output power is ge
c converters. (See IEC 62040-3.)

of a rotary UPS installation to improve the guality of a.c. power supply, to

(UPS)
andard
to the
energy
ded by

ruptible
't, land
nerated

provide

e specific applications (for example,<essential hospital supplies, offshor¢, non-

ry applications, high rise buildings, nuclear, etc.) supplementary requirements
ary. The provisions of this part of IS© 8528 should be used as a basis.

lowing referenced documents are indispensable for the application of this dog
eferenced document*(including any amendments) applies.

D34-1:2003,.Rotating Electrical Machines — Part 1: Rating and performance

034-22:4996, Rotating Electrical Machines — Part 22: AC generators for recipn
combustion (RIC) engine driven generating sets

may be

ument.
edition

ocating

bilation

17/ all parts), Graphical symbols for use on equipment. Index, survey and com

of the single sheefts

IEC 60529:1989, Degrees of protection provided by enclosures (IP Code)

IEC 61000, Electromagnetic compatibility (EMC)

ISO 3046-1:2003, Reciprocating internal combustion engines

ISO 7000, Graphical symbols for use on equipment

ISO 8178-1, Reciprocating internal combustion engines — Exhaust emission measurement —

Part 1:

Test-bed measurement of gaseous and particulate exhaust emissions

ISO 8528-1, Reciprocating internal combustion engine driven alternating current generating
sets — Part 1: Application, ratings and performance
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ISO 8528-6, Reciprocating internal combustion engine driven alternating current generating
sets — Part 6: Test methods

ISO 8528-9, Reciprocating internal combustion engine driven alternating current generating
sets — Part 9: Measurement and evaluation of mechanical vibrations

ISO 8528-10, Reciprocating internal combustion engine driven alternating current generating
sets — Part 10: Measurement of airborne noise by the enveloping surface method

3 Terms and definitions

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

3.1 General

3.11
generdting set
one or[ more RIC engines to produce mechanical energy and onetor more genergtors to
conver{ the mechanical energy into electrical energy together’ with components for
transmitting the mechanical energy (for example, couplings, géarbox) and where applicable
bearind and mounting components

3.1.2
uninterruptible power system (UPS)
power system for maintaining continuity of load power in the event of failure of thg mains
power

3.1.3
rotary UPS
UPS where one or more electrical rotating' machines provide the output voltage

3.1.4
converter
set of pquipment, static or rotating, to convert one type of electric current to anothegr type,
different in nature, voltage.and/or frequency

3.1.5
power [system reactor
regulated or non<regulated inductance in series with the input of some types of UPS

3.1.6
machine.set
any combination of one or more electrical rotating machines

3.1.7

energy storage device

device to provide stored energy on failure of the normal power supply system. This energy
shall be available either during the total failure time or until the take over of a power supply by
the RIC engine

3.1.8

continuity of load power

availability of the power supplied to the load with voltage and frequency within steady-state
and transient tolerance bands and with distortion and power interruptions within the limits
specified for the load
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3.2 Performance of systems and components

3.21

mains power
power normally continuously available which is supplied from the electrical power system or

by inde

3.2.2

pendent electrical power generation

backfeed
condition where a portion of the voltage or energy available within the UPS is fed back to any
of the input terminals, either directly or by a leakage path

3.2.3

linear load

load where the parameter Z (load impedance) is a constant when a variable sinusoidal poltage
is applied to it and that a sinusoidal voltage causes a sinusoidal current

3.24

non-linear load

load where the parameter Z (load impedance) is no longer a censtant but is a VJariable
dependent on other parameters, such as voltage or time

3.2.5

power [failure

any vatiation in the input voltage or frequency of the mains power not within acceptablg limits

3.2.6

redundant operation

any opgration with the addition of parallel funetional units or groups of functional unjits in a
system|to enhance the availability of load pawer

3.2.7

power conditioning mode

stable /mode of operation that.the UPS finally attains when operating under the fqllowing
conditipns:

— normal power is presentiand within its given tolerance;

— full (100 %) stored energy available within its given restored energy time;

— theloperation is_0r. - may be continuous;

— thelload is within its given range;

— theloutput;voltage is within its given tolerance.

Where |[a bypass is used:

— the input voltage is available and within specified tolerances;

— the phase lock is active, if present.

3.2.8

independent mode

operation of the UPS when operating under the following conditions:

— normal power is disconnected or is out of given tolerance;

— ene

rgy is from storage device or RIC engine;

— load is within the given range;

— output voltage and frequency are within given tolerances.
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3.2.9
bypass mode
state the UPS attains when operating and the load is supplied via the bypass

3.2.10
off mode
state that the rotary UPS attains when de-energized and at rest

3.2.11
synchronization

adjustment of an a.c. power source to match another a.c. source in frequency and phase
angle

3.2.12
load power
power yhich is supplied to the load from the UPS

3.2.13
asynchronous transfer
switchipg of load power between two sources that are not synchroenized. This transfér must
happen with an interruption

3.3  $pecified values

3.3.1
rated value
value df a quantity used for specification purposes;-established for a specified set of ogerating
conditipns of a component, device, equipment;or'system

[IEV 151-16-08]

3.3.2
tolerarjce band
range df values of a quantity within specified limits

3.3.3
deviation
difference between the_desired value and the actual value of a variable at a given instant

NOTE This definitien‘applies whether the desired value is constant or varies in time.

[IEV 351-12-15]

3.34
rated voltage
input or output supply voltage for which equipment is designed or specified

3.3.5
rated frequency
input or output frequency as declared by the manufacturer

3.3.6

phase angle

angle (usually expressed in electrical degrees) between reference points on one or more a.c.
waveforms

3.3.7
crest factor
ratio of the peak value of a periodic waveform to its r.m.s. value
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3.3.8
power
time rate of transferring or transforming energy or of doing work. (also called active power)

[IEV 111-13-30]

3.3.9

apparent power

product of the r.m.s. voltage U between the terminals of a two-terminal element or two-
terminal circuit and the r.m.s. electric current 7 in the element or circuit:

S=UI

[IEV 134+=++=4H

3.3.10
ambient temperature
temperpture of the air or other medium where the equipment is to be used

[IEV 846-01-04]

3.3.11
total harmonic distortion
ratio off the r.m.s. value of the harmonic content as a percéntage of the r.m.s. valug of the
fundamental component of the periodic function

3.3.12
recovery time
time inferval between the moment a stabilized voltage or frequency leaves the steady-state
tolerange band until the instant when this quantity returns to and stays within the steady-state
toleranfe band

3.3.13
stored|energy time
minimum time during which the -JPS will ensure conditions when the normal powr fails
startind with the energy storage means being charged

3.4 Input values
NOTE These definitions are/only valid in the power conditioning mode (normal mode).

3.41
input Voltage tolerance
maximyim centinuous input voltage variation in normal operation

3.4.2
input power factor

ratio of the input active power to the input apparent power with the UPS operating at rated
input voltages at rated output power, and fully charged storage

3.4.3
high impedance mains failure
mains failure where the mains impedance as presented to the UPS input terminals is infinite

344

low impedance mains failure

mains failure where the mains impedance as presented to the UPS input terminals is
negligible
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3.5 Output values

3.5.1

output voltage

r.m.s. value (unless otherwise specified for a particular load) of the voltage between the
output terminals

3.5.2

output current

r.m.s. value of the current (unless otherwise specified for a particular load) from the output
terminals

3.5.3
rated Ipad
load fof which the system is defined

4 Symbols and abbreviations

cos @ Fundamental portion of power factor
f Rotary UPS output frequency in Hz
P Active power

S Apparent power

U, Rated output voltage of a rotary UPS

U, Rectified voltage
Ugse Rotary UPS output voltage ( r.m.s:line-line)
V4 Load impedance

5 Sejection criteria

Complgte application criteria should include the following features and shall bg made
availablle by the system supplier:

— rotgry UPS load requirements;

— op¢grating timeyrequired;

— stanting capability of large electric motors in the load;

- faur cleaning capability;

— inpdtipower quality;

— ambient temperature;

— reliability;

— maintainability;

— required floor space;

— parallel operation requirement;

— operating efficiency;

— reduction and/or isolation of voltage harmonics and other deviations from input to output;
— reduction and/or isolation of current harmonics and other deviations from output to input;
— environmental requirements (noise, vibration, dust, electromagnetic compatibility, etc.);

— degree of separation from the mains in power conditioning mode (harmonics, full galvanic
isolation, etc.).
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An input switching device shall be provided to isolate the rotary UPS from the incoming

mains.

Means

shall be provided to prevent reverse power flow, if required.

6 General description

Types of uninterruptible power systems are shown in Figure 1.

6.1 Rotary UPS

Rotary

Uninterruptible power system (UPS)
I I

Rotary UPS systems Static UPS systems
IEC 62040-3

IEC 033/04

Figure 1 — Types of UPS systems

uninterruptible power supply as defined in this standard,is_achieved by a combination
of elec{rical and when required RIC engines and generating sets:

In ordgr to achieve an uninterrupted supply of power, ddring a short interruption pegriod, a

pneum
extend
energy

6.2 Types of rotary UPS

supply. (See ISO 8528-1, subclause 6.5.)

btic, kinetic, electrochemical, or other suchs/energy storage device is used. For
bd periods of operation an RIC engine or generating set may be utilized to proyide the

Varioug configurations of rotary UPS systems are possible depending upon the application

and pgrformance requirements. It is~important that the configuration shall be tak

accoun

6.2.1

Figure

it by the customer when agreeing upon the requirements with the manufacturer.

Series connected rotary UPS

P illustrates a serié€s‘connected rotary UPS.

en into

//, \ L 2 3 |

Gl s

\

\\ //

4
IEC 034/04

Key
1 primary path 3 inverter 5 RIC engine 7 AC output G generator
2 rectifier 4 energy storage 6 AC input M motor

Figure 2 — Typical example series connected rotary UPS
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In most series connected cases, two independent electrical machines (motor and generator)
or a combination of both is used as the final output of the rotary UPS. In most cases the final
output machine pair or combination machine is direct connected to the mains source with an
alternate path to the mains through power converters allowing connection to a stored energy
source. Direct connection provides higher efficiency and reduced input harmonics. Some
series connected cases rely on the alternate path.

6.2.2 Line interactive rotary UPS

Figure B illustrates a line interactive rotary UPS.

Rotary UPS power supply to the electrical consumer is taken from the rotary UPS system,

independent of whether the external power supply system is intact or has failed.

In the

event of a mains failure or if the power is outside the permissible tolerance limits of the

input of the rotary UPS system, energy is provided from a short term stored energy
until a RIC engine can be started, if the installation is so equipped. When the inst

source
allation

is gquipped with an engine, the required energy for continuity of the power supply
eleg¢trical consumer is taken for a practically unlimited time from the engine (suffici

dirgctly connected by a clutch to the MG set of the series connected’rotary UPS.

to the
ent fuel
for the

ured to
hlso be

Badgk feed to the mains during a short circuit of the mains or during rotary UPS transition

modles must be prevented to maintain rotary UPS output,power and prevent
damage of the rotary UPS. In the series connected case ‘with a single power p3
reclifier to inverter to MG set) back feed prevention is provided by phase contro
reclifier. In series connected rotary UPS cases with aldual power path (i.e. static s
MG| set and rectifier to inverter to MG set) back feed.is prevented by phase contrg
subl-cycle static switch and the rectifier.

In the series connected rotary UPS isolation protection of the consumer’s load is p
by the electrical to mechanical and back tq eléctrical power conversions of the fina
MG|set. The level of isolation protection depends on the MG set, insulation, air ga
Thg generator provides reactive power compensation and supplies the harmoni
unblalance as required by the load.

In the event of mains failure orxwhen exceeding the permissible tolerance limitg
eleg¢trical consumer, the power-supply, practically without any interruption, will
ovef to short term stored epergy and then to an engine when so equipped.

Upgn restoration of the ‘stabilized mains, supply is effected synchronously and
interruption.

nternal
th (i.e.
of the
vitch to
| of the

rovided
output
DS, etc.
cs and

of the
change

without

11— 3 I —> 2
[
4
IEC 035/04
Key
1 AC input 3 power system reactor
2 AC output 4 machine set

Figure 3 — Typical example of a line interactive rotary UPS

A machine set including a generator, energy storage means and an RIC engine if so
equipped, is operated in parallel with the mains system.

The energy storage and RIC engine may all be coupled on the same shaft, or realized as
separate units with an indirect coupling (electrical, hydraulic, mechanical, etc.).
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Power is taken from the mains system, provided the voltage and frequency lie within the
tolerance range specified for the mains system or electrical consumers.

The rotary UPS system is also supplied with energy from the mains system. A certain
degree of isolation between the mains system and the electrical consumer is achieved by
means of an impedance (reactor). This is installed in the incoming feeder so that voltage
deviations can be compensated to suit system requirements by the synchronous machine
(s) that are connected in parallel.

The power system reactor limits back feed in case of low impedance mains failure and
allows independent control of output voltage. The generator provides reactive power
compensation and supplies the harmonics and unbalance as required by the load.

In the event of mains system failure or when exceeding the permissible tolerance limits of

the
ma

The energy required for driving the rotary UPS is taken for either a limited-time fr

energy
supply

Continyation of energy supply from the restored and stabilized mains is ¢

synchr

6.3 Parallel operation of a rotary UPS installation

6.3.1

Rotary

availablflity, or to provide redundancy.

6.3.2

Paralle

UPS systems of identical rating is usual.

electrical consumer, the power supply will change over 1o the synchronous CO
hine or to the synchronous generator of the twin machine set.

storage device or a practically unlimited time from an RIC engine (sufficig
assumed) (see also Clause 5).

bnously and without interruption.

General

UPS systems may be operated in parallelsto increase power output, to ir

Parallel operation

| operation of a rotary UPS system is illustrated in Figure 4. An arrangement o

nverter

om the
nt fuel

ffected

crease

f rotary

1 > 3 —p 2
3
3 IEC 036/04
Key
1 AC input 2 AC output 3 UPS
Figure 4 — Parallel operation of a rotary UPS
6.3.3 Redundant operation

Increasing the number of active rotary UPS units by at least one active unit to ensure full
supply of electrical consumers in cases of maintenance or failure of a single rotary UPS unit
(1 + n active redundancy).
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6.4 Power system changeover with rotary UPS installations (bypass)

Bypass can be provided, to electrically isolate the rotary UPS, in case the nominal input and
output frequencies are the same and where the average mains power availability is
acceptable for the load. Bypass can be manual, automatic, or a combination of both.
Bypass circuits may be individual or common in the case of parallel rotary UPS systems. See

Figure 5.
— 3
1 > 4 > 2
IEC 037/04
Key
1 AC input 2 AC output 3 rotary UPS 4 bypass

Figure 5 — Bypass operation

Automgtic transfer of electrical consumers supply to the maihs system may be provided if a

fault odcurs in the rotary UPS system (passive redundancy).

Transfgr is effected either with or without interruption*depending on the rotary UPS

design

A tran

with a[short interruption if they are not_synchronized. This transfer may be (temp
inhibitegd when the utility is not available or“out of tolerance.

6.5

The eq

a minimum degree of protection IP2X, (IEC 60529) to personnel against accidental

with en

7 Mades of operation

Typical

Mainly, however, transfer is effected withaub)interruption.

er can be without interruption if a rotary UPS system and utility were synchron

nclosure protection
ipment shall be provided with a surrounding case or enclosure constructed to

lergized, hot or meving parts.

operation of a rotary UPS is shown in Figure 6.

system

zed, or
orarily)

provide
contact
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IEC 038/04
time pf power failure 6 dynamic limit values (Table 3) 11 stored energy time
time pf power return 7 steady-state limit values*(Table 2)
time pf synchronization 8 synchronization X axis time ¢ in seconds
RIC ¢ngine if used 9 power conditioning mode Y axis output voltage freqd
recoVery time 10 independent mode

Figure 6 — lllustration of rotary UPS operation

Power conditioning mode

normal powerispresent and within specified tolerances;

e mode of operation that a rotary UPS finally attains when operating un

energy storage means are being charged or fully charged;

the|operation is or may be continuous;

thelload is within its given range;

ency

der the

the output voltage is within its given tolerance;

RIC engine if provided ready to start.

Independent mode

The operation of the rotary UPS when operating under the following conditions:

normal power is disconnected or is out of given tolerances;

the energy is from storage device or RIC engine, if provided;

load is within the given range;

output voltage is within given tolerances.
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7.3 Bypass mode

The state that the rotary UPS attains when operating the load supplied via the bypass supply.

7.4 Off mode

The state that the rotary UPS attains when de-energized and at rest.

7.5 Transitions

The 4 main operating modes and the 12 possible transitions are shown in Figure 7.

e ——
A
4| A
3
8 Y )
6
B
7 1
S 10
- 12
c T 11 S\D/
IEC 0
Key
A indegendent mode C bypassriode
B powdr conditioning mode D off mode
Figure 7 — Operating modes
7.51 Transition 1, starting the system with mains voltage present
Start-up may require ,the) RIC engine or a pony motor to bring the rotating parts to
before energy can be'‘taken from the grid. With mains voltage and frequency within tol
the sysftem enters.the' power conditioning mode.

more t
mains.

NOTE

7.5.2

The un’Fts ofs@amulti-module system can be started sequentially, even when the total

at.-the first unit can supply when the excess load is supplied via the bypass fi

9/04

speed
erance,

load is
om the

Start-up (transitions 1, 2, or 12) is at least inhibited when an emergency OFF button is active.

Transition 2, start-up without mains voltage (black start)

This start-up method is only useful for systems with a permanent energy source, i.e. an RIC
engine. Otherwise, the independent mode could only be maintained for a limited time. Black
start is the ability to start using only internal energy sources like charged batteries and fuel.
Internal energy sources that cannot be maintained during at least one day in “Off” mode are
assumed as discharged at the beginning of the black start. The units of a multi-module system
can be started (and mutually paralleled) sequentially, but loading shall be done in steps or

after a

sufficient number of modules is running.


https://iecnorm.com/api/?name=c993cb8e0ddea83f4f30d61308e37a71

88528-11 O IEC:2004(E) -19 -

7.5.3 Transition 3, disconnect from grid

At a mains failure, the system continues supply to the critical loads in independent mode.
Detection of a mains failure might be different for a low impedance mains failure (based on
under voltage for instance) or for a high impedance mains failure, where voltage and
frequency on the rotary UPS input terminals initially might seem OK on some systems. High
impedance mains failure detection can be based on frequency change, impedance
measurement or phase change. The rotary UPS might open a switch to disconnect the system
from the (failed) mains.

7.54 Transition 4, connect to grid

After ajmains return, the system is synchronized to the utility voltage and connected to |it.

7.5.5 Transition 6, transfer

Load ig transferred from the rotary UPS to bypass in case of overload or internal failurg.

7.5.6 Transition 7, 8, retransfer

Retrangfer from bypass to (normal) power conditioning mode may be automatic, for instance
after nfaintenance or initial start. Retransfer of load from bypass to generator is generally
withouf interruption. Retransfer requires manual intervention-when the transfer to bypdss was
due to |nternal errors.

The renaining transitions are numbered in the diagram but no further explanation ig given.

Their implementation depends on the type of rotary UPS, and not all may be possible.

8 Service conditions

8.1 Normal service conditions

Equipment that complies with thissstandard shall be capable of operating up to and from 0 to

1 000 metres altitude; from 0 *C-to +35 °C; and in ambient relative humidity from 20 % to
80 % (mon-condensing).

8.2 (Qperation at extended ambient
8.21 Ambient service temperature

A rotary UPS_according to this standard shall operate under rated conditions in a minimum
temperpture.range from 0 °C to +35 °C. Above this range, a de-rating in rated power|of 1 %
per °C up/te.55 °C is used.

8.2.2 Ambient storage and transportation conditions

Rotary UPS equipment according to this standard can be stored non-operating under the
conditions defined in 8.2.2.1 and 8.2.2.2, if no other conditions are given by the manu-
facturers instructions.

NOTE Storage duration may be limited due to recharging requirements of an included lead acid battery. The
manufacturer should state these requirements on request.

8.2.21 Transportation/storage temperature

Rotary UPS equipment according to this standard shall be transportable in its normal shipping
container,for example by aircraft or by truck, in an ambient temperature range from -25 °C to
+55 °C. For stationary storage within a building, the ambient temperature range shall be from
—25 °C to +55 °C. The battery manufacturer’s transportation and storage instructions shall be
observed.
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NOTE When a battery is included which contains an electrolyte, the duration of high or low ambient temperature
may be limited due to a reduction of the battery life endurance.

8.2.2.2 Relative humidity

During transports and storage of a rotary UPS in its normal shipping container, the relative
humidity can range between 20 % up to 95 %, non-condensing. The shipping container must
be designed adequately, unless dry ambient conditions are guaranteed. Containers not
designed for wet ambient conditions shall be marked by adequate warning labels.

8.2.2.3 Special transport conditions

These : raining
procedyres, rotor locking, risk of freezing, shock, maintenance of (e.g. verticab plosition,
batterylhandling, etc.

Enginep shall be rated according to ISO 3046 and ISO 8528-1 stahdard power. Engines
employed for rotary UPS systems are designed to extend the bridgingdime in conjunction with

The practically unlimited bridging time is dependent on
— fuel supply;

— lubfication oil supply;

— maintenance interval.

8.4 Rotating electrical machines

Rotatinlg electrical machines shall comply'with IEC 60034-1 and IEC 60034-22.

8.5 Control logic

The rotary UPS system shall\include necessary control devices to operate in all fupctional
modes|and transitions between these modes, within the specified tolerances of Tableg 2 and
3.

9 Electrical service conditions and performance

9.1 General™- all rotary UPS

Rotary|based UPS offer the potential to provide additional fault clearing current capagity. To
capitalize on this feature, the user should consider the sub-transient reactance of the output
of the rotary UPS and the ability of the particular design to sustain this fault clearing capability
for coordination with the particular load circuit protective devices used.

The output voltage waveform shall comply with the minimum requirements given in Clause 4
of IEC 61000-2-2 or Table 1 of IEC 61000-2-12 for linear load and up to a specified amount of
non-linear load as defined in Annexes B and C. See Table 1.
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Table 1 — Compatibility levels for individual harmonic voltages in mains power

Odd harmonics Odd harmonics .
. X Even harmonics
non-multiple of 3 multiple of 3
Harmonic Harmonic Harmonic Harmonic Harmonic Harmonic
order voltage order voltage order voltage
n % n % n %
5 6 3 5 2 2
7 5 9 1,5 4 1
11 3,5 15 0,3 6 0,5
13 3 21 0,2 8 0,5
4 2 >21 0,2 10 D,5
1P 1,5 12 D,2
2B 1,5 >12 D,2
2b 1,5
>25 0,2 + 0,5 x 25/n

Rotary

the ins{allation and operation of the rotary UPS controls and indications.

9.2

The eldctrical performance of a rotary UPS shall comply with Table 2 and Table 3.

Rotary
classes

Performance

Clags G1 — basic lighting and controls;

Clags G2 - similar to utility with small excursions, pumps, fans, hoists;

Clags G3 — computers, telecomniunication, and other sensitive loads;

Clags G4 — special application.

The following limit valuesfapply for any combination of

— temlperature withinsnormal operating limits;

— mains within steady-state operating limits;

— no

— single,or_multi-module systems.

oad toated load at rated power factor;

UPS complying with this standard shall be marked andssupplied with instructions for

UPS systems depend upon the application. This subclause defines four perfofmance
and operating limit values for them, sée ISO 8528-1.

Table 2 — Operating steady-state limit values for performance classes

Class Frequency 2 Voltage b)
G1 Basic lighting and controls +4 % +8 %
G2 Similar utility lighting, pumps, fans, hoists +2 % 4 %
G3 Computers, telecommunication +1 % +2 %
G4 Special applications AMC AMC

AMC: Agreement between manufacturer and customer.

a) Not including current compensation.

b) Ten seconds running average of the 3 line r.m.s. values.
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Table 3 — Operating dynamic limit values for performance classes (note 1)

Class Sudden Frequency Voltage Recovery

phase (note 3) (note 2) time
shift

G1 Basic lighting and controls No limit +5 Hz +30 % 5s

G2 Similar utility lighting, pumps, fans, No limit +3 Hz +22 % 1s

hoists
G3 Computers, telecommunication 2% +1 Hz +15 % 0,7s
G4 Special applications AMC AMC AMC
NOTE 1 —Franstertvalves—attes

= changq of load from 5 % to 100 % and vice versa in power conditioning mode;

= changq of load from 5 % to 100 % and vice versa in independent mode;

= at mains failure and return;

= at trangfer to, and retransfer from bypass, provided the bypass supply is at its nominal values;

= and dufing the addition/removal of one unit in case of redundant multi-rotary UPS systent.

NOTE 2| Transient voltage lower limit applies from 10 ms after creation of a fused toad fault when applicap

e.

NOTE 3| Frequency slewing rate outside the steady-state tolerance bandShoeuld not be more than twice the
transien{ frequency deviation limit per second in either direction (10 cycle average). Additionally, the duration of
success|ve cycles should not differ by more than 2 % for class 3 in power-conditioning and independent modes of

operatiof.

AMC: Adgreement between manufacturer and customer.

The oufput voltage distortion for all classes shall be less than the values stated in Table 3 for

linear Ipad, and up to a specified amount of reference for non-linear load.

Class G4 special application

Performance of class 4 applications is subject to agreement between manufactujer and
customler. The agreement can in€lude other tolerance limits or other conditions undel which

they agply.

10 Manufacturer technical declarations

10.1 General

The mgnufacturer shall declare the following list:

— netlelectrical output;

— output quality level (see G1, G2, G3, G4 of 9.2);
— net efficiency in power condition mode and stored energy mode at rated load, see 8.2.2;

— essential auxiliaries;

— battery recharge interval (if included) or restored energy time.

10.2 Purchaser specification guidelines

A variety of rotary UPS are available to meet the users 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.

This has been compiled to assist purchasers identify criteria important to his application or
information that may be requested by the manufacturer/supplier in order to advise the
appropriate type of rotary UPS for a given application.
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Additionally, it identifies the performance characteristics to be supplied by the manufacturer/
supplier for a rotary UPS in conformance with the requirements of this standard, together with
any performance or operational limitations.

The items listed below are intended as a checklist to assist a purchaser to choose the type of
rotary UPS which best meets his needs, and to specify it adequately in conjunction with the
manufacturer/supplier.

10.2.1

T o

Mul

o O

AC

- O

) Gal
g) Ear

h) Mai
sys

Type of rotary UPS, additional features, and system requirements

Single
. I : 1927+ ditionaiint tom

)
)
) Bypass to prime or stand-by power system
)
)

generator stand-by power system (if applicable)

Required bypass transfer time (if applicable)

Vanic separation required between input and/or d.c. link and/or output
thing of input and/or d.c. link and/or output

jntenance bypass circuits and other installation requirements, such as rota
em isolators and tie switches

i) Compatibility with intended power system (i.e. earthed neutral, floating neutral)

i) Remote emergency power off (EPO) or emergency stop.requirements

10.2.2
For pri
a) no
b)
c) no
d)

Rotary UPS input

e power system and (if any) stand-by pewer system:

inal input voltage and voltage tolerance band desired;

number of phases and requirements for neutral lines;

inal input frequency and tolerance band desired;

special conditions regarding;y for example, super imposed harmonics, transient vqg

suppply impedance, etc.;

e) limifations regarding, fer'example, inrush currents, harmonic currents, etc.;

f) stapd-by power system rating;

g) supply protectienrequirements (short-circuit overload, earth faults).

10.2.3

Load-to be supplied from a rotary UPS

a) Type=.éxamples:

Sta

computers;

motors;

saturating transformer power supplies;

diode rectifiers;

thyristor rectifiers;

switched type power loads and other types of loads

Continuous apparent power and power factor requirements
Single and/or three-phase loads
Inrush currents

rt-up procedure

y UPS

Itages,
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f) Special features of loads, such as operating duty, unbalance between phases and non-
linearity (generation of harmonic currents)

g) Branch-circuit fuse and breaker ratings

h) Maximum step load and load profile

i) Required method of connection of loads to the rotary UPS output

Informati

on Notes — Rotary UPS output loading

The diversity of types of load equipment and their relevant characteristics are always changing with technology.
For this reason, the rotary UPS output is characterized by loading with passive reference loads to simulate, as far
as is practical, the expected load types, but it cannot be taken that these are totally representative of the actual
load equipment in a given application.

The rot
loading,
due to p

The effe
cause dg
linear log

a) the N
incre
betw

b) appli
due
elect
other

These e
switched

Some ro|
rotary U
module ¢

Load vo
limits or
topology

The advi

10.2.4

a) Rat
b) Nun
c) Rat
d) Nor

e) Spe
and

f) Vol

Ty OPS—mdustry tras—generatty specifiedTotary UPS—outputTiraracteristics umder conaitions
.e. resistive or resistive/ inductive. Under present technology, many loads have a non-linear char
wer supplies of the rectifier capacitor type either single or three-phase (see annex C).

t on the output of the rotary UPS by non-linear loads in both steady-state and rotary is,.in_many
viation from the output characteristic specified by the manufacturer/supplier where these, are quof
d conditions due to

igher peak to r.m.s. steady-state current values, the output voltage total harmenic distortion
hsed beyond the stated limit. Compatibility with the load for higher levels of THD‘is a matter of a
ben manufacturer/supplier and purchaser.

Cation of non-linear load steps may result in a deviation from the linear,dynamic voltage chara
o high transient inrush currents relative to steady-state, especidlly,"Where the rotary UPS
onic current limiting in normal mode of operation. This effect also applies to switching of transfor
magnetic devices due to magnetic remanence.

fects of high transient inrush currents on the load voltage may be tolerable where the load is s
and are the first applied or may have no deteriorative effeeton the loads already running.

fary UPS topologies use the a.c. input supply/bypass for*this purpose to permit economic sizi
PS system. Equally, while single units may not tolerateythese load steps within the specification,
r redundant systems, the total system response is acceptable.

tage and frequency sensitivity, where the load\is* sensitive to frequency variation beyond norm
is sensitive to voltage variation or distortion\of ‘the supply waveform, the choice of the best ro
for these applications should be investigated:

Ce of the manufacturer/supplier should beisought in respect of these matters.

Rotary UPS output

ed output power and power factor

nber of phases

ed output voltage, steady-state and transient tolerance bands
hinal outputfrequency and tolerance band

cial reduirements regarding, for example, synchronization, relative harmonic
modulation

ag€ adjustment range

of linear
hcteristic

rases, to
ed under

may be
reement

cteristics
employs
ners and

equence

g of the
in multi-

al mains
ary UPS

content

g) Phase angle tolerance allowed (for three-phase or for single-phase centre tapped and
single-phase rotary UPS supplied from two of a three-phase system)

h) Unbalanced load capability required (for three-phase or for single-phase centre tapped

and

single-phase rotary UPS supplied from two of a three-phase system)

i) Coordination between rotary UPS and load protective devices

i) Supply protection requirements (short circuit, overload, earth faults)

10.2.5
) Typ
)

c) Rat
) Rat

Battery (where applicable)

e of battery/batteries and construction

Nominal voltage, number of cells, ampere hour capacity (if supplied by purchaser)

ed stored energy time
ed restored energy time
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Battery service life required

Presence of other loads on battery and their voltage tolerances

Availability of separate battery rooms

Battery protection and isolation devices

Special requirements regarding, for example, ripple current

Temperature of battery room installation (recommended 20 °C to 22 °C)

Battery cut-off voltage

Temperature compensated charging voltage

10.2.6 | General application requirements and special service conditions

a)

Efficiency at rated load conditions:

the|efficiency is the ratio of the net useful output power of the rotary URPS:systen) to the
totgl input power. To allow comparison, it is measured and specified-in a steady-state
under average climatic conditions. Efficiency is an economic or thérnral paramet

onl
chal
to p
or 3
rec
sys

Am
Coq

of interest in those operating modes that can exist for more-than 15 min w
ged energy storage devices. The power consumption of all*auxiliary systems
erform the normal task of the rotary UPS system is part of the losses. Eventual

em
bient temperature range of operation
ling system (rotary UPS and battery installation)

Insfrumentation (local/remote)

Rer

note control and monitoring system

er, and
th fully
needed
heating

ir conditioning systems needed for wider climatic conditions are excluded. If energy is
bvered, i.e. from exhaust gas or cooling water, it is a part of the net output powefr of the

Spgcial environmental conditions: equipment exposed to fumes, moisture, dust, sjalt, air,
heat, etc.

Spgcial mechanical conditions:™ exposure to vibration, shocks or tilting, |special
trarlsportation or storage conditions, limitations to space or weight

Performance limitations regarding, for example, electrical and audible noise

Futlire extensions of therotary UPS system

Crepst factor

NOTIE When appliedito the load current of a UPS, one could say that the crest factor is solely a prpperty to

the |

pad. In practicey this load crest factor is a result of both the load and the internal impedance of the source

that supplies it. For instance, the same non-linear load can have a crest factor as high as 4 when supglied by a

pure
lineg
side

peal

s,\and broader and lower current peaks will result having a lower crest factor.

sinusaidal-voltage from a stiff grid via the bypass, or only 2 when supplied by a rotary UPS. Tlhe (non-
r) load current shows short peaks centred at or around the peaks of the a.c. voltage at which time the d.c.
capacitors are charged. When supplied by a UPS, the output impedance of the UPS prevents sugh narrow

10.2.7 Multi-module system configurations

Redundant rotary UPS
Non-redundant rotary UPS

Common system battery

Separate module batteries

Typ

e of rotary UPS switches

Configuration of rotary UPS switches
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10.2.8 Electromagnetic compatibility
a) Required emission standard and level category to which equipment shall comply
b) Applicable immunity standards and test level of which the equipment shall comply

Table 4 — Technical data sheets — Manufacturers declaration

Characteristic of equipment Manufacturers declared values

Electrical output characteristics — steady-state characteristics — power conditioning mode and stored
energy mode

Rated output voltage Vrm.s.
Voltage adjustmentclass e D \V
Output flequency (nominal) e N Hz
Rated oltput apparent power e Bane gD kMA
Rated oytput active power across linear load | e e kW
Rated oytput active power sinusoidal | e kW
Short cirfuit capability % of full load running See separate_declaration

Overload capability See separate declaration

Rated lofd power factor permitted — linear load | L N Y HF

Number pf output phases .

Number pf output leads N .

Maximum phase angle variation (multi-phase only) 80 % | i Degregs
Continuqus unbalanced load capability XN s o
Output vplts — DC component, linearload SO | v

Electrilcal output characteristics — dynamic characteristics — power conditioning mode and stored [energy
mode (required class G4 only)

Output vpltage dynamic variation during transfer power See separate declaration
conditiorjing/stored energy mode of operation\and vice versa

Output vpltage dynamic variation due toJead changes See separate declaration

Slewrat¢ N Hz|s
Inrush cgrrent & NN A

Electrical output characteristics — dynamic characteristics — stored energy mode

Efficiencly input/output | ................................................ o

Synchrofpization (if-applicable)

Mains matchingssynchronizer | YOS i No

Stored erjergyymode of operation

Duration of TmaximumnT permitted Stored energy time at rated toad
................ seconds/minutes/hours

Stored energy time (for integral batteries) [ minutes at rated load
Restored energy time to 90 % charge (for integral battery)

.......................................... hours
Battery rating and quantity (for integral battery)

................. ) QUTTRUPTTIRRRRRY o - | I3

Battery recharge profile

Battery cut-off voltage
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Table 4 (continued)

Characteristic of equipment | Manufacturers declared values

Control and monitoring signals

See separate declaration for complete list of indications and remote
alarm/monitoring or interface devices

Bypass characteristics

Type of bypass Manual |:| Automatic |:|
Mechanical/static Mechanical D Static D
No break transfer/break transfer No Break [ Break [
Break time/make time ms el ms
Maintengnce bypass Yes D No D
Bypass grotection fuse/circuit breaker L Neae Rating
Galvanic]isolation fitted Yes |:| No |:|

Electromjagnetic compatibility

Immunity State relevant’' National/International
Standard and test levels

Emission Statedrelevant National/Internatignal
Standard and class

Conductg¢d a.c. mains See separate declaration
Conducted a.c. output AN .dB
Radiated — Electric field
Radiated — Magnetic field
Input hagmonic currents

Attenuatjon of mains borne radio frequency — input to-output

11 Testing
The following test methods are-proposed for all performance tests.

Tests fo demonstrate.compatibility with safety and EMC standards are subject to local
regulatjons and are not.included within this list. (See ISO 8528-6.)

Type tgst or rogtine test is under consideration.

Unless|otherwise stated, rated load is linear and symmetric, at rated power factor. [lesting
shall be done at ambient conditions between 15 °C to 25 °C. If the rated power factor is not
declared, then power factor 0,8 shall be used. Unless otherwise stated, all tests apply for
single units.

11.1 Static output voltage and frequency deviations

All 3 output line r.m.s. voltages and the output frequency shall be measured in the following
situations, and compared to the steady-state values of the table:

a) resulting from steady-state voltage or frequency deviations from the mains;

b) resulting from variations of load:

— symmetric linear load 0 %, 25 %, 50 %, 75 % and 100% rated load at rated power
factor;

NOTE If not stated, then power factor 0,8 should be assumed.
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unbalanced load;

disconnect one of the three line connections from a rated, symmetric, resistive load,
and measure the resulting output voltage unbalance.

NOTE The remaining load is connected line-line for a rotary UPS system without neutral, or two times

line-neutral for a system with a neutral connection. Note that the line currents in both cases are |
their rated values, and have different power factors.

non-linear load;

— overload.

c) efficiency;

d) output waveform distortion;

ess than

e) steIdy-state non-linear load.

Me
and

11.2 |

Output
system

at reco
value.

measu
over th

11.3 |

In pow
energy

- Inp

If the s
all pow|

- Inp
— Bag

The vo
mains f

— Inrd

sure the steady-state harmonic components of the rotary UPS output voltage at 50 %

100 % linear load, both line-line and line-neutral (low voltage if applicable).

Dynamic output voltage and frequency deviations

voltage and frequency shall be observed during the following_tests. For threg
5 without neutral, the line voltages shall be recorded for three-wire + neutral s

rding divided by \/5 or the real r.m.s. value per half cy¢le shall be used as thg
The frequency measurement shall use a frequency-to-voltage converter cap
ing the frequency of each individual cycle, or at least the running average fre|
e last 5 cycles.

hput current characteristics

br conditioning mode, at nominal mains~Vvoltage, at rated load, and with fully @
storage device.

it current harmonics

ystem has more that one power path, the input current harmonics shall be meas
er path modes that can océur for more than 5 s.

it power factor
k feed

tage on the input terminals of the rotary UPS shall be recorded after a high imp
ailure.

sh current

11.4 Measurement of filter properties

11.4.1

The rot

-phase
ystems

B r.m.s.
able of
quency

harged

ured in

edance

From mains to output

ary UPS is in power conditioning mode without load or with light resistive load.

11.4.1.1 Voltage harmonics

Step 1:

Step 2:

Step 3:

measure the input and output voltage harmonics. Measure at least the fifth and

seventh harmonic in the line-line voltages, and if the rotary UPS has a neutr
the third harmonic in the line-neutral voltages;

al, also

connect enough rectifier load, as in Annex C, in parallel with the input terminals of
the rotary UPS to at least double the level of input voltage harmonics to the rotary

UPS. Then measure the same harmonics as in step 1;
calculate the increase in magnitude per harmonic on the input side;
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Step 4: calculate the increase in magnitude per harmonic on the output side. The filtering is
the result of step 4 as a percentage of the result of step 3.

Example: step 1 shows a 5t harmonic voltage component of 5 V r.m.s. in the input, and 2 V
on the output. In step 2, the input 5" harmonic was 10 V, and the output is now 2,2 V r.m.s.
The attenuation is ((2,2 — 2,0)/(10 — 5)) x 100 % = 4 %.

11.4.1.2 Surges and transients

In order to isolate the applied surges to the input of the rotary UPS from the mains, a series
impedance is required. The voltage drop over a suitable sized series inductor is approximately
5 % at the rated rotary UPS input current. For large systems, this impedance might be present
in the feeder system.

Surges|can be applied:

— betyeen lines;
— from one line to neutral;

— or hetween ground and all input lines, including the neutral.

The tedt surge can be made in the following ways:

— firs{, the test surge can be made by creating a short circuit on the input side of the¢ rotary
UP$. The trapped energy in the upstream inductor_produces a voltage surge wihen the
fuse is blown. The typical surge has a rise time of approximately 0,3 ms and a peak value
of 500 V;

— thel|test surge can also be made with a capacitive coupled standard surge genmerator.
A typical pulse has a rise time of 1,2 us to-a’peak value of 2,5 kV, and a decay of 50 ps.
Thg coupling capacitor shall be large enough to conduct the pulse, yet small engugh to
limit line frequency infeed to the pulse.generator.

L A YY Y I—
L— Y Y Y I—
L 7YY Y I—

=

N
5 !
—
IEC 040/04
Key
L line G ground
N neutral 1 UPS under test

Figure 8 — Surge test

The waveform on the input and on the corresponding output lines shall be recorded, and the
maximum deviation from the (normal) sine wave is noted. The attenuation of the rotary UPS is
the ratio of these maximum deviations on the input to output side of the rotary UPS.
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11.4.2 From output to mains

The rotary UPS system in power conditioning mode reduces or eliminates the back feed of
harmonic current components into the mains that originate from non-linear loads on the output
of the rotary UPS. The rotary UPS is in power conditioning mode with non-linear load. The
active power P taken by this load shall be at least 30 % of the rotary UPS rated active power.
The measurement procedure for the input current harmonics is line current harmonics.

11.4.2.1 Line current harmonics

Step 1:  measure the input current harmonics and output current harmonics with the non-
linear load. (see above);

Step 2] measure the input current harmonics with a linear load of equal active power|P;

Step 3;| calculate the difference in input current harmonics between steps 1Cand |2. The
attenuation is this difference divided by the output current harmonics of/step 1.

11.4.2.2 Neutral line current harmonics

Same fpr neutral line. Use 3 single-phase non-linear loads from Annex(C.

11.5 $ystem performance
11.5.1 | Efficiency

Measute at load steps 0 %, 25 %, 50 %, 75 % and 100v% with stored energy fully charged,
25 % apd 75 % are type tests. Efficiency shall be stated:

— Power conditioning mode efficiency

Measufe with a linear symmetric load and at.'nominal mains voltage.
— Stofed energy mode efficiency (fuel ‘eonsumption)

11.5.2 | Stored energy times

— Stofed energy discharge time

— Stofed energy recharge\time

11.5.3 | Multi-module rotary UPS performance

Such performance is applicable for parallel operating multi-module rotary UPS systems. The
test is performed with at least two units in parallel operation with a linear symmetric load of at

least 1|5 times the rated load of a single unit. All tests shall be done in power condjtioning
and in [ndépendent mode:

— Variation of voltage and frequency with load

Measure by switching on/off the load.

— Active load sharing

Record the lowest and highest active load per unit.

— Reactive load sharing

Record the lowest and highest reactive load per unit.

— Single unit failure test (if the system has a parallel redundancy)

Load short-circuit test. This is basically the same test as for a single unit. However, recovery
is more critical as generators may lose mutual synchronism during the load fault.
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11.6 Black start test

The ability of the rotary UPS system to start with no other power sources then the fuel and the
starter battery (and an electronics battery if applicable). Black start is tested without load.

11.7 Environmental tests

— RIC engine start test at low temperature (see ISO 8528-1, subclause 14.1)

— RIC engine rated power test at the upper limit of ambient temperature that the RIC engine
will operate

— RIC engine exhaust emission measurement according to ISO 8178-1

— Measurement and evaluation of mechanical vibrations of the RIC engine and any fotating
eleg¢trical machine according to 1ISO 8528-9.

11.8 Audible noise
Measufement of airborne noise according to ISO 8528-10 at 0 % and 100)%’ load

— In gower conditioning mode
— Inipdependent mode

11.9 Testing

See Taple 5 for a summary of testing.
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Table 5 — Test methods for rotary UPS performance characteristics

Measured rotary UPS characteristic Routine Izgf Reoqnt:sst Clause
Static output voltage and frequency deviations
Resulting from steady-state V or f deviations of the mains x 111
Resulting from variations of the load X 111
Symmetric, linear load X 11.1
Unbalanced load x 1.1
Non-linearload 1.1
Overload X 1.1
Efficiency X 1.1
Output waveform distortion x 1.1
Steady-state non-linear load S 1.1
Dynamic|output voltage and frequency deviations
Resulting|from variations of the load X 11.2
Resulting|from changes in operational mode X 11.2
Change ffom power conditioning to stored energy mode X 11.2
With a high impedance mains failure X 11.2
With a low impedance mains failure X 11.2
Change ffom stored energy to power conditioning mode X 11.2
Change ffom power conditioning to bypass mode X 11.2
Change ffom bypass to power conditioning or stored.energy mode X 11.2
Resulting|from load side faults x 11.2
Single phpse fault x 11.2
Three-phgse fault x 11.2
Input curlrent characteristics
Input currlent harmonics X 11.3
Input power factor X 11.3
Back feeq x 11.3
Inrush cufrent (magnet and stators) x 11.3
Measurement(offiltering properties
From maihs\te”output x 11.4.1
Voltage harmonics X 11.4.1.1
Surges and transients X 11.4.1.2
From output to mains X 11.4.2
Line current harmonics x 11.4.2.1
Neutral line current harmonics x 11.4.2.2
System performance
Efficiency at rated load X 11.5.1
Power conditioning mode efficiency X 11.5.1
Stored energy mode efficiency (fuel consumption) x 11.5.1
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Measured rotary UPS characteristic Routine I)e{gf Reoqnul;e,st Clause
Stored energy times
Stored energy charge time X 11.5.2
Stored energy recharge time X 11.5.2
Stored energy discharge time X 11.5.2
Multi UPS performance
Active load sharing X 11.5.3
Reactive jead-sharirg 11.5.3
Single un|t failure test X 11.5.3
Redundancy test X 11.5.3
Black stdrt test (If applicable) X 11.6
Environmental tests
RIC engirje start test at low temperature X 1.7
RIC engirje rated power test at the upper limit of ambient air temperature X 1.7
Measurement of mechanical vibrations x 11.7
Measurement of RIC engine exhaust emissions X 1.7
Audible foise
Measurement of airborne noise in power conditioning mode x 11.8
Measurement of airborne noise in stored energy mode x 11.8
12 Maintenance and product marking
12.1 Nameplate markings
The m[-mufacturer shall provide nameplate markings to include the following mjinimum
informgtion in accordance with“+EC 60034-1:
a) supplier’'s name;
b) mogel and/or part'number designation or both;
c) ser|al numbersand or control number;
d) ratgd input.voltage (input voltage tolerance);
e) ratgd input current;
f) ratedinput frequency;

g) rated output voltage;

h) rated output frequency;

i) rated output current;

j) rated output power and output kVA;

k) rated d.c. input voltage (required for rotary UPS with external battery);

I) rated d.c. input current (required for rotary UPS with external battery);

m) rated d.c. input voltage (optional for rotary UPS with internal battery);

n) rated d.c. input current (optional for rotary UPS with internal battery);

0) weight (optional);

p) performance class.
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12.2 Label requirements
Warnings and instructions shall NOT be mixed. The warning label shall:

state the hazard;

T o

be conspicuous, clear, and concise;

o O

)

)

) describe the severity of the potential harm;
) instruct the user how to avoid the hazard;
)

D

be permanently affixed to the product.

As a minimum, the electric shock can Kkill information shown in Figure 9, or its equivalent shall
be pladed on the rotary UPS.

/N WARNING

ELECTRIC SHOCK can kill
Do not touch electrically live
parts such as output
terminals or internal wiring

UPS are supplied by multiple power sourees and
battery. Only qualified personnel stieuld install, use
or service this equipment

IEC 041/04
Figure,9 — Warning label

12.3 Name plate marker
Equipment shall be provided with markings in order to specify:

a) inpdit supply requirements;
b) output supply ratings.

For eqliipment intended to be installed by anyone other than service personnel, the markings
shall be readily_visible either in an operator access area or shall be located on an putside
surfacqg of the equipment. If located on an outside surface of fixed equipment, the marking
shall bT discernible after the equipment has been installed as in normal use.

Markings that are not visible from the outside of the equipment are considered to be in
compliance if they are directly visible when opening a door or cover. If the area behind a door
or cover is not an operator access area, a readily visible marker should be attached to the
equipment to clearly indicate the location of the marking where the equipment is operator
installable. It is permitted to use a temporary marker.

The markings of input and output shall include the following:
c) rated voltage(s) or rated voltage range(s), in ¥ for line/line and/or line/neutral values;

The voltage range shall have a hyphen (-) between the minimum and maximum rated
voltages. When multiple rated voltages or voltage ranges are given, they shall be separated
by a “/”.

NOTE Some examples of rated voltage markings are: rated voltage range: 220 V-240 V. This means that the
equipment is designed to connect to any supply having a nominal voltage between 220 V and 240 V.
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Multiple rating voltage: 120/220/240 V. This means that the equipment is designed to connect to a supply having a
nominal voltage of 120, 220, or 240 V, usually after internal adjustment.

d) rated frequency or rated frequency range, in Hz.
e) rated current, in A.
For equipment with multiple rated voltages, the corresponding rated currents shall be marked

so that the different current ratings are separated by a solidus (/) and the relation between
rated voltage and associated rated current appears distinctly.

Equipment with a rated voltage range shall be marked with either the maximum rated current,
or with the current range:

number of phases (1¢ — 3¢) with or without neutral;

— output rated active power, in W or kW,

— output rated apparent power, in VA or kVA;

— maximum ambient operating temperature range (optional);

— stofed energy time, in minutes or hours at an ambient temperatdrel/of 25 °C an{ rated
active power (only for built-in batteries) (optional);

— manufacturer's name, trade mark or identification mark;
— refdrence to this standard,;
— manufacturer's model or type reference.

Where [symbols are used, they shall conform to ISO 7000 and IEC 60417, where appfopriate
symbols exist.

12.4 Decals - labelling

The following instruction shall appear near:to the point of connection:
‘SEE INSTALLATION INSTRUCTIONSBEFORE CONNECTING TO THE SUPPLY".’

12.4.1 | Safety instructions and documentation

If it is|necessary to take\'special precautions to avoid the introduction of hazard$ when
operatipg, installing, maintaining, transporting or storing rotary UPS, the manufacturgr shall
make gvailable the necessary instructions.

The opgrating instructions shall be made available to the user.

NOTE 1| Suchr special precautions may be necessary, for example, d.c. connection of the equipment to the battery
and the intefconnhection of separate units, if any.

NOTE 2 L\Athere nln'nrn'nriatp installation instructions should include reference that national wiring rlles may
override these instructions.

NOTE 3 Maintenance information is normally made available only to service personnel.

12.5 Maintenance

Means shall be provided to isolate the rotary UPS from input, output, and bypass. Means shall
also be provided to electrically isolate batteries, if provided. Means shall be provided to verify
that the machine is at rest for service purposes.
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Annex A
(informative)

Typical energy storage devices

Energy storage devices

The machine set is the central component of dynamic UPS installations. Depending on its

rotating
millised
energy
for alm

Items

installations are:

—  pow
— allg
— allg

— instplled inertia of electrical machines, clutches, and{RIC engine if applicable;

- req
A.2

Kinetic
low tor
can prq
better n

Kinetic
normal
interac
both sdg

All sys

parts, it stores energy, which can Dbe delivered In the torm of power
onds. The duration of power output can be extended by a limited amount™by
storage devices like a flywheel or batteries. Power output capability canybe e
bst unlimited time by combination with an RIC engine.

fo be taken into account when designing the energy storage'“’devices fdg

er increase/power change (where applicable: in steps);
wed frequency deviation;
wed recovery time;

lired back-up time.
Kinetic energy storage devices

energy is stored in a flywheel. High-speed flywheels (10 000 to 50 000) rpm
que during a relatively long timey whereas low speed flywheels (1 000 to 5 0(
vide high torque during a shaort time, in the order of a few seconds and theref]
hatched to the use in rotary"\UPS systems.

energy storage devices Ctan be used in dual conversion UPS (where the energy
mode is converted.\twice into and from an intermediate form of energy), and
ive UPS, where(the main energy flow is normally not converted. Where app|
lutions are showh in the following figures.

ems cap~be combined with an RIC engine, either directly coupled to the gener

system

or to charge the flywheel, or both.

as a S’Fparate diesel-generator set replacing the mains on the a.c. input side. F

mayinclude a pony motor to bring the speed of the shaft(s) near synchronous

within
adding
tended

r UPS

provide
0) rpm
pre are

flow in
in line
licable,

ator, or
ywheel
speed,

Diesel engine, pony motor(s) and bypass circuits are not shown in the figures below.

A.2.1

Hard coupled flywheel storage

Rotary UPS systems with hard coupled flywheel are the simplest ones. The output frequency
is proportional with the flywheel speed in stored energy mode when a normal generator is
used. The allowed frequency deviation limits the speed variation of the flywheel so that only a
small fraction of its stored energy can be used. During a power failure, the a.c. input must be
disconnected from the grid to prevent back feed.
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ACinput —— AC output
—9

IEC 042/04

Figure A.1 — Dual conversion — direct-coupled flywheel

A.2.2

AC input - Impedance AC output
—0

IEC 043/04

Figure A.2 — Line interactive — direct-coupled flywheel

Indirect coupled flywheel storage

When the flywheel is coupled to the motor/generator by a controlled ratio transmissign, then

much 1
the out
Examp
a) ac
b) syn
c) hyd
d) ac

but of the UPS.

es for a variable ratio transmission are:

chronous motors coupled by a static frequency converter;
raulic motors coupled by a high pressure hydraulic link;
bntinuous variable transmission (CVT).

AC input AC output

bupling with electromagnetic controlled-slip between flywheel and generator shaft;

nore of the flywheel energy can be.used, even with negligible frequency varidtion on

IEC 044/04

Figure A.3 — Dual conversion — indirect coupled flywheel
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ACinput — Impedance  aG ouiput
B —y

IEC 045/04

Figure A.4 — Line interactive — indirect coupled flywheel

Few eriabIe ratio transmissions can transmit the full power in both directions. For€d

reason
that is

A.2.3

Consta
control

5, the power in one direction is much lower, resulting in a time to charge \the f
10 to 1000 times longer than the typical discharge time.

Variable speed/ constant frequency generator

ht output frequency with a decelerating direct-coupled flywheel is possible
ed-frequency supply of the rotor windings. (double fed a.c."machine). The excit

providdd by a frequency converter, feeding the rotor over slip,rings. If the conver

conver
synchr

An exa

A.3

Anothe
dual cd
or with

energy in both directions, then the shaft speed can ‘be from above to be
pnous (d.c. exited) speed of the alternator.

Mmple is shown in Figure A.5 in the line-interactive form.

AC input — Impedance AC output
—O0 O— i |
F1
MG F2

IEC 046/04

Figure A.5 — Double fed a.c. machine

Electrochemical energy storage devices

I very)common method to store energy is in batteries. Again, this can be do
nversion or line interactive designs, using a d.c. motor directly coupled to the

onomic
ywheel

with a
ation is
ter can
ow the

he with
battery,

d syncnronous a.c. machine, coupted 10 the patiery over an fMverter.

AC input AC DC
DC J_ AC AC OUtpUt
T

IEC 047/04

Figure A.6 — Dual conversion with battery
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AC input P AC output
-0 O | I

T
T IEC 048/04

Figure A.7 — Line interactive with battery

The mqtor in Figure A.6 is an a.c. machine, so it can be fed directly from the a.c. input ps long
as the nains voltage and frequency are within suitable limits.

If this is not required, then the motor in Figure A.7 can be a d.c. type, directly fed flom the
battery

The stdred energy time for batteries is in the order of several minutes(

A.4 Further possibilities for energy storage

While the energy storage devices mentioned previously aré widely used in practice, there are
a number of other possibilities, for example, utilizatien\,of super conducting magnet |energy
storaggq (SMES), super capacitors, or compressed air,



https://iecnorm.com/api/?name=c993cb8e0ddea83f4f30d61308e37a71

-40 - 88528-11 O IEC:2004(E)

Annex B
(normative)

Reference non-linear load — Single-phase

To simulate a single-phase steady-state rectifier/capacitor load, the UPS is loaded with a
diode rectifier bridge that has a capacitor and a resistor in parallel on its output. The total
single phase load may be formed by a single load as per Figure B1, or formed by multiple
equivalent loads in parallel.

Calculation and test method

R
rl:,_U .
v
34

IEC 049/04

U is the rated output voltage of UPS;
f is the UPS output frequency in Hz;
U, is the rectified voltage;
S

is the apparent power across a nonglinear load — Power factor 0,7, that is, 70 9% of the
apparent power S will be dissipatedyas active power in the two resistors R4 and Rg;

Ry is t:[e load resistor, set to dissipate 66 % of active power of the total apparent powefr S;

is the series line resistor, set to dissipate 4 % of active power of the total appareni power
S (the 4 % is according fo IEC TC 64 proposal for voltage drop in power lines).

Figure B.1 — Single-phase non-linear load

NOTE [Resistor Ry can‘be placed either in the a.c. or d.c. side of the rectifier bridge.

A ripple voltage<5 % peak-to-peak of the capacitor voltage U, corresponds to a time cpnstant

of:
Ry x C NS,

Observing peak voltage, distortion of line voltage, voltage drop in line cables, and ripple
voltage of rectified voltage the average of the rectified voltage U, will be:

U,= 2 x0,92x0,96 x 0,975 x U= 1,22 x U [V]

And the values of resistors Rg, R4, and capacitor C will be calculated by the following:
Ry = 0,04 x U2/S
R = U.2/(0,66 x S)
C=17,5/(f% Ryq) [F]


https://iecnorm.com/api/?name=c993cb8e0ddea83f4f30d61308e37a71

88528-

11 0 IEC:2004(E) - 41 -

For dual frequency 50/60 Hz, 50 Hz shall be used in the calculation.

The capacitance value used shall be not less than the calculated value.

NOTE The voltage drop in the diode bridge is neglected.

Test m

ethod

a) The non-linear test load circuit shall initially be connected to an a.c. input supply at the
rated output voltage specified for the UPS unit under test.

b) The a.c. input supply impedance shall not cause a distortion of the a.c. input waveform
greater than 8 % when supplying this test load (requirement of IEC 61000-2-2)

c) The
out

resistor R4 shall be adjusted to obtain the rated output apparent power (S) an
but active power specified for the UPS under test.

d rated

d) Aftgr adjustment of resistor R4, the non-linear test load shall be applied o the olitput of

the
e) The
par
Conne

a) For
rate

b) For
pov

c) For

single-phase loads, connected line-neutral,shall be used up to 100 kVA UPS a

andg

d) For
us§

UPS under test without further adjustment.
test load shall be used, without further adjustment, while performing all tests tg
hmeters required under non-linear loading, as defined in the vanious clauses.
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