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reword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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procedures used to develop this document and those intended for its further maint
cribed in the ISO/IEC Directives, Part 1. In particular, the different approval criteriamee
brent types of ISO documents should be noted. This document was drafted in accordan
orial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

bntion is drawn to the possibility that some of the elements of this documentmay be the
ent rights. ISO shall not be held responsible for identifying any or all such-patent rightg
patent rights identified during the development of the document will.bée“in the Introduct
he ISO list of patent declarations received (see www.iso.org/patents}):

trade name used in this document is information given for the,eonvenience of users ar
Stitute an endorsement.

an explanation of the voluntary nature of standardsythe meaning of ISO specific
ressions related to conformity assessment, as well.as information about ISO's adherg
[1d Trade Organization (WTO) principles in the Technical Barriers to Trade (TBT) see w
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5 document was prepared by Technical Committee ISO/TC 21, Equipment for fire protect
ting, Subcommittee SC 11, Smoke and heat-¢ontrol systems and components.

5 second edition cancels and replacesithe first edition (ISO 21927-3:2006), which has been
sed.

main changes compared to the previous edition are as follows:
amendment of the test apparatus.

feedback or questjenhs/on this document should be directed to the user’s national standa
plete listing of these’bodies can be found at www.iso.org/members.html.

5t of all parts’inithe ISO 21927 series can be found on the ISO website.
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Introduction

Smoke and heat exhaust ventilation systems create a smoke-free layer above the floor by removing
smoke and, thus, improve the conditions for the safe escape and/or rescue of people and animals and
the protection of property and permit the fire to be fought while still in its early stages. They also
exhaust hot gases released by a fire in the developing stage.

The use of smoke and heat exhaust ventilation systems to create smoke-free areas beneath a buoyant
smoke layer has become widespread. Their value in assisting in the evacuation of people from
construction works, reducing fire damage and financial loss by preventing smoke logging, facilitating
firefighting, reducing roof temperatures and delaying the lateral spread of fire is firmly established.
For these henefits to be obtained, it is essential that smoke and heat exhaust ventilation systems be a
scheme of $afety equipment intended to perform a positive role in a fire emergency.
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Scope

s) intended to be used as part of a powered smoke and heat control)yentilation
struction works.

rovides test and assessment methods of the characteristics and the ¢onformance criteria
bssment results.

5 document applies to the following:
fans for smoke and heat control ventilation;

impulse/jet fans for smoke and heat control ventilation.

Normative references

following documents are referred to in“the text in such a way that some or all of th
Stitutes requirements of this document? For dated references, only the edition cited 4
ated references, the latest edition of the referenced document (including any amendmen

281, Rolling bearings — Dynamic-oad ratings and rating life

834-1, Fire-resistance tests<< Elements of building construction — Part 1: General requirej

s-section conduits running full
5801, Fans —Performance testing using standardized airways
60034-1, Rotating electrical machines — Part 1: Rating and performance

60034-2-1, Rotating electrical machines — Part 2-1: Standard methods for determining
fiericy from tests (excluding machines for traction vehicles)

5 document specifies the product characteristics of powered smoke and heat -€ontrol [ventilators

system in

of the test

Pir content
pplies. For
[s) applies.

nents

5167 (all parts), Measurement of fluid flow by means of pressure differential devices inserted in circular

losses and

IEC
IEC
EN

60085, Electrical insulation — Thermal evaluation and designation
60584-1, Thermocouples — Part 1: EMF specifications and tolerances

1363-1, Fire resistance tests — Part 1: General Requirements

EN 13501-4, Fire classification of construction products and building elements — Part 4: Classification
using data from fire resistance tests on components of smoke control systems

3

For

Terms and definitions

the purposes of this document, the following terms and definitions apply.
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ISO and IEC maintain terminological databases for use in standardization at the following addresses:

ISO Online browsing platform: available at https://www.iso.org/obp

— IEC Electropedia: available at http://www.electropedia.org/

31

powered smoke and heat control ventilator

PSHC vent

ilator

smoke-ventilating fan that is suitable for handling smoke and hot gases for a specified time/
temperature profile

3.2

smoke re
region wit
thermally |

3.3
powered 1
fan designg

3.4

smoke reservoir ventilator

ventilator

3.5
product fa
physically
methods o
the followi

overal

the im

the md

3.6
impulse/j

fan used for producing a jet of air in a space and unconnected to any ducting

Note 1 to erj
other space

3.7
motor rati
maximum

ervoir
in a building, limited or bordered by smoke curtains or structural elements, whichtetai
buoyant smoke layer in the event of a fire

oof ventilator
ed for mounting on a roof and with exterior weather protection

uitable for operation fully immersed in a smoke reservoir (3:2)

mily
similar fans using the same form of construction.ahd materials throughout, with the s

hg may vary across the range:
dimensions of the fans; and/or
beller diameter and width, hub size, blade length and number of blades of the impeller; anc

tor details, as per 3.7

bt fans for smoke and heat control ventilation

try: The air jet may)be used, for example, for adding momentum to the air within a duct, a tunn
or for intensifying the heat transfer in a determined zone.

ng
power'that a motor delivers continuously without exceeding the allowable temperature 1

1S a

hme

impeller construction, motor mounting and construction, and electrical connection in which

| /or

bl or

ise

4 Requirements

4.1 Response delay (response time)

4.1.1 Opening under wind load within a given time

If the fan is designed to be installed at the atmospheric termination of a smoke control system
(e.g. powered roof ventilator) and is fitted with a fan shutter flaps or louvers which project above the
wind deflectors (cowl or wind shield), the shutter, flaps or louvers shall open in less than 30 s when
tested in accordance with 5.2.1.
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4.1.2 Opening under snow load within a given time

IS0 21927-3:2020(E)

If the fan is designed to be installed at the atmospheric termination of a smoke control system
(e.g. powered roof ventilator) and is fitted with a fan shutter flaps or louvers which project above the
wind deflectors (cowl or wind shield), the shutter, flaps or louvers shall open in less than 30 s when
tested in accordance with 5.2.2.

4.2 Operational reliability

4.2.1 General

Opgrational reliability of a PSHC ventilator (fan) shall be demonstrated by verificatipn against
application categories and by verification of motor ratings.
4.2{2 Application categories
To demonstrate its operational reliability, a PSHC ventilator (fan) shall be verified against categories.
Tabje 1 shows the relevant method to allocate the results in the correspending category.
Table 1 — Application categories
Clause of the test Application category Compliance criter]a
method
531 Thermally insulated When tested in accordance wijth

Annex C:

— the outer surface temperfature of
a thermal insulated fan shall not
increase by more than 180 K for any
individual value;

— the cooling air expelled from the
unit shall not exhibit an increase
of temperature of more “_c'Fan 180K
from the initial room tenpperature.

5.3[1 Thermally uninsulated —
C.3]3 Installation inside the smoke reservoir —
C.3|3 Installation outside the smoke reservoir —
A1li) Horizontal direction of motor shaft —
Adli) Vertical direction of motor shaft —
Aln) Converter feed (driven by frequency —
converter)
Aln) Direct feed (no speed variation) —
(O WAKE nnnlpnrrr\ncnncp —
C4.2.1,C4.2.2 Emergency only use —
C3.3 Ducted cooling air required —

4.2.3 Motor rating

Since the PSHC ventilator (fan) can be operated at different temperatures (current or emergency),
motors shall be selected for operation at the power required for normal ambient temperature and not
just for operation at high temperature.

Selection of the motors shall comply with the following requirements.

— Motors shall comply with the requirements of IEC 60034-1.

© IS0 2020 - All rights reserved
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of the motor, as defined in IEC 60085.

— The fan tested in accordance with 5.3.2 shall comply with the stability requirement in C.4.2.2.

4.3 Effectiveness of smoke/hot gas extraction

4.3.1 Ge

neral

Motor ratings shall be limited by the temperature rise for one class lower than the insulation class

The effectiveness of smoke/hot gas extraction of the fan is the ability to continue to extract the required

volume flo

athightemperature:

4.3.2 Gas flow and pressure maintenance during smoke and heat extraction test

The effecti
requireme

4.4 Resi

The fanis
pressure w

The testre
4.5 Abil

45.1 Op

When the
conditions

4.5.2 Op

When the
conditions

eness of smoke/hot gas extraction is demonstrated by conformance with theperformd
nts in C.5, when tested according to 5.4.

stance to fire

hown to be functioning satisfactorily by its continued ability to provide the initial volum
ithin the defined limits in C.5, when tested according to 5.5.

sult shall be classified in accordance with EN 13501-4.
ity to open under environmental conditions

ening under wind load within a given time

fan is fitted with shutter, louvers or dampers, their ability to open under environme
Khall be demonstrated by fulfilling the reguiirements in E.5 when tested in accordance with

ening under snow load within(a given time

fan is fitted with shutter, douwvers or dampers, their ability to open under environme
Khall be demonstrated by fulfilling the requirements in E.5 when tested in accordance with

4.6 Durability of operational reliability

Durability
according

5 Testil

of operational reliability is demonstrated by motor rating according to 4.2.3 when tej
05.7.

18, assessment and sampling methods

nce

c Or

ntal
5.6.

htal
5.6.

ted

5.1 Gen

eral

PSHC ventilator (fan), tests shall be carried out in accordance with Annexes A, B, C and E.

For each test, a test report shall be prepared in accordance with Annex C.

A fan can be tested completely assembled with ancillaries, for example:

flexible connection elements;
anchors (fastenings for mounting to external structure);
airflow operated dampers or external powered dampers;

shock absorber (anti-vibration mount);
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sound absorber (silencer or acoustic attenuator);
support construction (e.g. for powered roof or partition fans);

thermal protection (e.g. PTC thermistor, Thermocouple, Pt100, etc.);

on the fan;
guide vanes;

flow deflectors:

ON-OFF switch and other electrical ancillaries (e.g. electrical safety box) which are directly mounted

truction in

Hance with

] of 200 Pa,

— |a jet fan shall be tested completely assembled and suspended from a supporting-¢ons
accordance with the manufacturer’s installation instruction.

For|testing of motors alone, tests shall be carried out and test reports preparéd’in accor

AnnexD.

5.2| Test of response delay (response time) opening under wifid, snow load within a

given time

5.2{1 Wind load

The fan shutter, flaps or louvers shall open in less than 30 s.against a horizontally applied loa

simulated by means of an additional fan blowing on the flap at a suitable velocity, or by a

meg¢hanical means when the fan is tested in accordance,with Annex E and/or Annex C.
WARNING — For fans which use the air pressure from the fan to open flaps or louvers

Dug¢ to the temperature rise, the density of\air decreases resulting in a corresponding

hy suitable

b decrease

in the pressure developed. This pressure is needed to open the termination system (flaps or

louyers).

In this case, the laboratory shall perform the wind load test also during the high temper

ature test.

If fans selected according to-Annex A and tested according to Annex C are intended for use with

extprnal, air-pressure operated shutters, the combination shall also be tested with a
accprding to Annex E.

The operating position can be considered as reached if the volume flow exhausted
working under wind loads did not decrease by more than 10 % of that exhausted
working withoutthese loads.

If a fan intended for mounting on an external wall is fitted with external shutter
louyers and/or is not protected from wind force acting against it by a deflector or co

wind load

by the fan
by the fan

5, flaps or
wl, it shall
statement

be tested in accordance with this clause. Otherwise, the manufacture shall include a
in Hisd . . . . . .

5.2.2 Snow load

The fan shutter, flaps or louvers shall open in less than 30 s against a vertically applied 1

oad shown

in Table 2, simulated by any suitable mechanical means, when the fan is tested in accordance with

Annex E, at ambient temperature only.
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Table 2 — Snow load classes

The operat
under snov

these loads.

Where thg
horizontal
from slipp
snow load
metres, wh

5.3 Ope

5.3.1 Application categories

The releva

5.3.2 Mg

The test m

5.4 Effe
during sn

The test m

5.5 Resi

The test m

Class Load
Pa
SLO 0
SL 125 125
SL 250 250
SL.500 500
SL 1000 1000
SLA A

ing position can be considered as reached if the volume flow exhausted by-the fan wor}
v loads did not decrease by more than 10 % of that exhausted by the fan’working with

minimum angle of installation recommended by the suppli€ryexceeds 45° from
the fan takes the classification SL 1 000 without a test; except where snow is prever
ng from the fan, for example by wind deflectors. In this case;-the fan shall be tested f
classification which shall not be less than SL = 2 000 - dywhere d is the depth of snoy
ich can be contained with the confines of the deflectors:

rational reliability

ht test methods are those indicated in Table 1 in 4.2.2.

tor rating

bthod to be applied is in C.4.2,

ctiveness of smoke/Hot gas extraction: gas flow and pressure maintenance
1oke and heat extraction test

bthod is given in‘Annex C.

stance to fire

bthod-is.given in Annex C.

(ing
out

the
ted
DI a
. in

5.6 Abil

within a given time

The test method is given in Annex E.

5.7 Durability of operational reliability

Durability

of operational reliability is demonstrated by the test method given in 5.3.2.
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Marking, labelling and packaging

The PSHC ventilator (fan) shall be marked with the following:

the manufacturer’s name or trademark;

the resistance to fire classification;

a reference to this document and its year of its publication (i.e. ISO 21927-3:2020), followed by the

generic name of the product "powered smoke and heat control ventilator";

TICTIIIoTCT; Ty Py

power requirements, e.g. power, current, voltage and rotational speed;

the snow load class where applicable;

the flow direction inside the fan (motor upstream, downstream or both);

the direction of the motor shaft (vertical, horizontal or both);

the minimum flow and maximum temperature of cooling air, wher&applicable;
information about electrical connections of motor (e.g. Y or A);

the following statement: "This powered smoke and heat control ventilator shall be instz:
the manufacturer's instruction.";

lled as per

the manufacturer's installation instructions or a réference to a document held by the manufacturer

giving these instructions;

the date of manufacture (month and year);

© IS0 2020 - All rights reserved
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Annex A
(normative)

Criteria to determine family of fans in order to select the sizes to

be tested

A.1 Reduction of numbers of tests for PSHC ventilators forming a product rang

It is not usyially considered necessary to test every size of ventilator in a family of fans provided that
following qre tested and the family conforms to the rules given in A.3, A.4 and Annex B:

a)

b)

f)

g)

h)

j)

k)

the fap with the most highly stressed impeller, and the ventilators with impellérs in which
individual stress in any component, weld or fastening is the highest, as approptiate, if not the s
(see AHY);

for fans with motors mounted in an enclosure which restricts the cogling, the worst case sha
tested] this is the smallest free area of the motor enclosure or the§mallest section of exit or e
airway for cooling air;

at least two sizes of fans are tested at their highest rotational'speed;

the fan with the smallest motor frame size to be used;'except for fans where the impeller is

the

the

be
try

not

mounted on the motor shaft and the motors are out of the airstream in ambient air and the cooling

of the motor is not affected by heat transfer from the'entilator or the ventilator construction;

if the highest impeller stress levels are determined by geometric similarity conditions from Al
sufficignt sizes of fans to ensure that the impeller diameters of the range are from 0,8 to 1,2
those flested;

if the highest impeller stress levels are determined by the calculation methods in A.4.2, suffic
sizes of fans to ensure that the impeller diameters of the range are from 0,63 to 1,27 of those tes

NOTE The coefficients are takén from Renard Series R20 in accordance with several ISO standards.
aim of the coefficients 0,8 or.0,63 and 1,27 is to validate fans down to 2 or 4 sizes smaller and up to 2 {
larger fhan the tested sizesSeé Annex F for more information.

for a djrect drive axialfan where the blade profile is not symmetrical and the fan may be sup
with njotor upstream or motor downstream, the fan shall be tested with motor downstream, w
is the Yvorst case;

but if the fanxrange is intended to operate only with motor upstream, the tests can be performe
this configuration;

4.1,
/7 of

lent
ted;

The
izes

ied
ich

d in

if a fan or range of fans is intended for installation in either vertical or horizontal or intermed

iate

positions, a minimum of one fan shall be tested in each of vertical (shaft down and motor

downstream or shaft up and motor upstream if the fan range is intended to work only with
motor upstream) and horizontal orientation;

the

if a family of axial fans is also intended to be used for jet fan application, a minimum of one size of

fan shall be tested in the jet fan configuration;

a fan for use as a jet fan shall be tested completely assembled, with its ancillaries as listed in 5.1 if
supplied with the jet fan. A test of the fan with only the inlet side silencer is allowed to qualify a jet

fan, unless the jet fan is suspended by the silencers;
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for a reversible fan or jet fan, equipped with a symmetrical impeller (symmetrical blade profile or

impeller with alternate blades) the test shall be performed with motor downstream;

m) a fan shall be tested with any electrical device used in combination with the motor which could

n)

have a negative impact on the motor (e.g. change electrical signal, overheating, etc.);

fan driven by PWM frequency converter at ambient and at high temperature.

The currently well-known impacts of a PWM frequency converter driving on an electric three-phase
motor are the following:

In d
nec
osc

Refi

43 £ Faol 12 L £l L+l 3 i+l fads | s 3 loss Tl
CTCatroTUT par crar arsStIrar gCSTtT ougtr orrcart v OTa S 1O CatCuU I STOCTITO TOT TIT S UTa IOt T 11T ST

are in proportion with the temperature;

creation of voltage peaks higher than those obtained from direct online supply;
damage in the windings due to these voltage peaks and voltage gradient (dg/d,);
influence of the cable type/length;

stray bearing currents.

bssary to measure directly at the motor terminals by méans of a suitable instrumg
lloscope), only at ambient temperature for 10 min before-the warm up period of the test:

the maximum peak voltage value, Uy, or peak to peak; U, /x, as well as;

discharges

rder to estimate the final impact of the combination of conyeérter and cable on the notor, it is

nt (e.g. an

the maximum rate of voltage rise, d,/d,, of the yeltage fluctuations as indicated in Figyre A.1 and
Formula (A.1):
d,/dy= (09 U, -0,1Up) / (£90 - t19) (A1)
er to [EC 60034-18-41 for more detatls:
U
Uy
09U, U,
Ua
01U,
t1o tgo t
Figure A.1 — Voltage curve
Application of the test results:
9
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The fan unit may be assumed to be able to withstand the same maximum peak to peak voltage values
and rate of voltage rise at the motor terminals in an installation as during the test, independent of the
pulse width modulation (PWM) frequency converter.

a) Fandriven by PWM frequency converter only at ambient temperature.

Fan tested directly on line can be installed with a frequency converter, provided the converter is
by-passed during smoke and heat exhausting operation, without additional testing.

b) Fan driven by voltage converter (but switched off during smoke exhausting).

,‘.v“‘ "-GG‘G FO—a—vorcageconvercermay¢€ pertenece-antereased-tempera rise
when 1un at a reduced voltage.

Becauge of this effect on the temperature rise inside the motor, the warm-up period of the test shall
be performed with the output of the voltage converter set to run the motor at 70 % of nominal spged.

The temperature rise of the motor during this warm up period shall not be greater'than one cass
lower than the insulation class of motor.

c) Fan started by soft starter.

Since the soft starter is bypassed just after the motor starting, it"is not obligatory to tesf it,
especifplly if the fan manufacturer wants to get both applications (With and without soft starter|).

d) Contrg-rotating installation.

Such installation does not require any additional test provided the fan range was tested individually
with nmotor downstream (see Figure A.2).

Key
1  air flow

Figure A.2 — Contra-rotating installation
A.2 Motors

A.2.1 General

A family of motors shall only be assessed if the smallest and largest frame size motors used in the family
are tested within the fans, at their highest ratings (voltage, power, rotational speed, etc.), except when
the impeller is not mounted on the motor shaft and the motors are out of the air stream in ambient
air and the cooling of the motor is not affected by heat transfer from the ventilator or the ventilator
construction (type 1). When the motor is out of the air stream and the impeller is mounted on the

10 © IS0 2020 - All rights reserved
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motor shaft (type 2), motors from a different supplier to the one used in the ventilator test may be
used, provided that the tested and alternative motors are of the same construction, i.e. same class of
insulation and bearing type and class of fit and same synchronous speed and rating.

A.2.2 Type 1 motor: Motor out of airstream and impeller not mounted on shaft

Key
1 |air flow

Figure A.3 — Type 1 motor

In this casexType 1 motors do not need to be approved and there are no requirements, except those
desfribedin 4.2.3.

© IS0 2020 - All rights reserved 11
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A.2.3 Type 2 motor: Centrifugal fans with impeller mounted on the motor shaft

s p——

e — ____I;________IT
|
LL______.__ ____i.________.IJ

Key
1  air flow
2 air flow

Type 2 mof

For interch
to the resij

motor is eﬂual to or lower than that permitted for.the insulation class. For example, with a stand

class F mo
exceed the

Where sin
that the al
aluminium|

Otherwise

(inlet)
(outlet)

Figure A.4 — Type 2 motor

ors shall be tested.

angeability, the motor winding temperature shall be measured just after the test (accorg
tance measurement method of [EC 60034=1J’to ensure that the temperature rise inside

or, the motor winding temperature rise at the end of the high temperature test shall

class F requirement, i.e. 105 K.

fernative capacitor is located at the same place (a plastic capacitor can be replaced by
capacitor but not vice-veksa).

a motor cannot be changed without a new test. If new tests are required, see A.3.

ling
the
ard
not

rle-phase motors were tested, thé above rule for motor interchangeability applies, provided

[ an

12

© IS0 2020 - All rights rese

rved


https://standardsiso.com/api/?name=59689a55ebb3090922ef8cd1d22c2acf

A2

IS0 21927-3:2020(E)

4 Type 3 motor: Fans with motor inside the airstream without cooling

Key]

Typ
und

A2

A2

Typ
mof

See

A.2

% o
1 LA ] 2
L\ |

B

o

air 1
air 2
Figure A.5 — Motor Typé3
e 3 motors shall be tested and interchangeability is only possible with other motors alr¢

er specific conditions, see A.3.

.5 Type 4 motor: Motors out of airstream but without fan casing

5.1 General

e 4 motor: Fans with insulation class F (temperature rise B) or class H (temperature rise |
ors for F4,o and lower temperat@irg/times classes and motors affected by thermal transf]

examples in A.2.5.2 and A.2.5:3.

5.2 Motor Type 4.1

ady tested

) standard
J¢

Figure A.6 — Motor Type 4.1

Motors of type 4.1 shall be tested.

© IS0 2020 - All rights reserved
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For interchangeability, the motor winding temperature shall be measured just after the test (according
to the resistance measurement method of IEC 60034-1) to ensure that temperature rise inside the
motor is equal to or lower than that permitted for the insulation class. For example, with a standard
class F motor, the motor winding temperature rise at the end of the high temperature test shall not
exceed the class F requirement, i.e. 105 K.

Where single-phase motors were tested, the above rule for motor interchangeability applies, provided
that the alternative capacitor is located at the same place (a plastic capacitor can be replaced by an
aluminium capacitor but not vice-versa).

Otherwise the motor cannot be changed without a new test. If new tests are required, see A.3.

A.2.5.3 Motor Type 4.2
e =
| 1 |
| | |
Ik | |
| | |
. |
i1 _ A i
| | Z |
| | P I
- |
I | |
| If Z /] i 2]
| If 7 | |
| If 7 |
| | | m
| | |
| | A T : T |1l
i e L
Al «  WRHEe_—"""——>-"—— 1 — — g
| |
| |
i |
I |
: :
\
| |
| 1 ik
i -~ il
| |
| LT
| |
I I 2,
| I
| |
| |
| |
| B |
______ ]

Key
1 input
2 output

Figure A.7 — Motor Type 4.2

Motors of type 4.2 shall be tested.
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For interchangeability, the motor winding temperature shall be measured just after the test (according
to the resistance measurement method of EN 60034-1) to ensure that temperature rise inside the motor
is equal to or lower than that permitted for the insulation class. For example, with a standard class F
motor, the motor winding temperature rise at the end of the high temperature test shall not exceed the
class F requirement, i.e. 105 K.

Where single-phase motors were tested, the above rule for motor interchangeability is the same,
provided that the alternative capacitor is located at the same place (a plastic capacitor can be replaced
by an aluminium capacitor but not vice-versa).

Otherwise, the motor cannot be changed without a new test. If new tests are required, see A.3.

A.3 Combined testing

A.3l11 General rule

To gllow the mounting of a new family of motors inside an already tested familyof fans, test the smallest
and| largest frame motor sizes at their highest ratings within fans providedithat the motors|are part of
the|same homogeneous range.

A.3l2 Specific rule for an axial fan

When the family of fans is large, the motor family may consist of two or more homogenegus ranges.
Thip means that for each homogeneous family, both the sniallest and largest frame sizes sha]l be tested
(i.e{4 or more tests).

However, if the alternative motor family was already successfully tested according to Annex D, or
within another family of fans, in accordance with the same criteria listed in A.1 and fof the same
temperature-time classification, only the smallest and largest frame size of the complete mptor family
shall be retested within the fans (only 2 tests).

EXAMPLE Fan family A tested with meter range X consisting of 2 homogeneous families:
— | X1: Frame sizes 80 to 132;

— | X2: Frame sizes 160 to 250,

According to Annex B, the frame sizes 80, 132, 160 and 250 were tested during the initial assessment.
A fap manufacturer wantSto mount motor family Y consisting of 2 homogeneous families:
— |Y1: Frame sizes.90 to 112;

— | Y2: Frame-sizes 132 to 225.

If Y motors,were never tested, tests of 90, 112, 132 and 225 frame sizes motors shall be carried out.

If Y[motors (at least the 90 up to 225 frame sizes range) were successfully tested with a load (4ccording to
AnnexDJ or within a fan family B With the same criteria in accordance with A.L and for the same temperature-
time classification, then retest only frame sizes 90 and 225.

A.4 Determination of highest stresses in impellers

A.4.1 PSHC Ventilators with geometrically similar impellers

For geometrically similar impellers, the impeller with the highest peripheral speed is the most highly
stressed.

Impellers are geometrically similar if all dimensions, excluding thickness of materials, are within 5 %
of the values scaled by the ratio of the impeller diameters and the numbers of blades and fastenings are
identical. The centre boss is excluded from the geometric similarity requirements.

© IS0 2020 - All rights reserved 15
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Information regarding axial fans is shown in Tables A.1 and A.2.

Table A.1 — Axial fans

A fan family is geometrically similar if the fans of that family are manufactured according to standard series
numbers R10, R20, R40 or according to self-defined design size increments (following a fixed size ratio), assuming
similarity of the following component dimensions.

Geometrical parameters

Geometrical similarity

design size increments

drawing — check

Impeller diameter D, e.g.,R10, R20; R30 or self-defined |Dimensions according to
design size increments drawing — check
Hub diameter d e.g., R10, R20; R30 or self-defined |Dimensions according tp
design size increments drawing — cheék
Number of plades z Testing is carried out with the max- | The number of-blades may
imum number of blades, i.e., max. be reduced after testing
load on the hub since the'htb load is, thiis,
reduced.
Blade width at D (external diameter) | B Dinjensions according tp
drawing — check
Blade width at d (internal diameter) |B; Dimensions according tp
drawing — check
Blade length l D—d Dimensions according tp
—— maximum bladelengthis |drawing — check
tested at maximumload Blade length may be re-
duced, with simultaneops
reduction in casing diath-
eter, taking into account
the load.
Blade profile shape Linearform factor Dimensions according tp
drawing — check
Hub width w e.gy, R10, R20; R30 or self-defined |Dimensions according tp

Table A.2 — Design characteristics

necessary.

If the fan apd casing are built fromJ)sheet metal, geometrical incrementing of the sheet metal thickness is

not

Design chgracteristics

Fastening rhethod

Geometrically uniform
fastening method (welding,
screws or riveting) across
the entire series

Change of fastening method within t

series is not possible without testing.

Welding: Execution of welds shall be]
identical, i.e., continuous weld seam§

he

weld shape (fillet weld, square/beve

groove weld), length of weld shall be
geometrically similar

Rivet and screw joining methods: If, for
instance, 5 rivets are used on small im-
pellers, at least 5 rivets shall likewise

be used on all fans in the series accord-

ing to the calculation method.

Material Identical material, no mixing |Uniform materials and uniform mate-
rial combinations to be used across the
entire series.
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necessary.

If the fan and casing are built from sheet metal, geometrical incrementing of the sheet metal thickness is not

Design characteristics

Hub section

1. Geometrical similarity

2. Hub supports (connec-
tion piece between hub and
motor shaft) may differ as
appropriate

2. With externally sourced hub sup-
ports, geometrical similarity cannot be
maintained. Calculated proof of screw

attachment is required.

MO Lok aonnting o

3
TOTOTTTITooITrerT

the same for the entire series

C-Stroroc

Geometrically similar

For motor supports:
6y = Material thickness

G = Motor weight
o)

M
e.g.,. (-

G

lseast favourable conditions
design size shall be tested

related to

Cerjtrifugal fans

fined design size increments

Blafe outlet diameter DB,O e.g.,, R10, R20; R30 orself-de- | Dimensions according to drawing —
fined design size inerements |check

Blafe inlet diameter Dy, e.g., R10, R20; R30-or self-de- | Dimensions according to drawing —
fined design size increments |check

Blafe radius Ry e.g., R10,,-R20; R30 or self-de- | Dimensions according to drawing —

check

A.4.2 Fans with impellers that are niot geometrically similar

NOTE

are pfless importance.

A.4{2.1 Axial impellers

A.4{2.1.1 Centrifugal force
Div
Cal

The method given for calculating stresses is for comparative purposes only and is not
design assessment. It only takes int@-account centrifugally induced stresses as aerodynamically indu

suitable for
red stresses

de the bladé into four parts using five sections as shown in Figure A.8.
ulatethe centrifugal force for each part using Formula (A.2):
, A _+ 4 (R . +R)
J3 ZPX%X(&H —R,)X————X® (A.2)
17
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where

F, n+1  1s the centrifugal force of the part of the blade between sections n and n+1 in N;

is the density of the blade material in kg/m3;

A, is the area of section n in m?;
R, is the radius of section n in m;
1) is the angular velocity of impeller in rad/s.

Figure A.8 — Axial impeller, blade divided into four parts using five sections

Calculate the tensile stress using Formula (A.3). See Figure A.9.

o, = f—xlo—6 (A.3)
A
NOTE 10-6 is the calcalation factor to convert A, into mm?.
where
lopt stthe tensile stress in N/mm?;
A,  isthearea of section n in m?;

'\ is the centrifugal force of the part of the blade in section n.
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A4

Tre

from the weld or fastener area.

To s
cro

Case of stud fixed blades

whg

Fas

Tre

from the'weld or fastener area. See Figures A.10 and A.11.

w
>
/(R'] + Rz) / 2
I
.
Ay ‘// =z 12
(Ag + Al /W

Az

Figure A.9 — Axial impeller, application of centrifugal foxce F, ,

2.1.2 Fastenings or welds

ht fastenings or welds as the inboard end of the blade section with the cross-section area

implify the calculation, the stress to be calculated shall be the force due to the blade div,
bs-section of the studs, as shown in Formula (A.4):

__h
N'x 4

O
re

o isthe fastening stress in N/mm?;
N’ is the number of studs;
is the resistant(cross-section of a stud;
F; s the centrifugal force of the part of the blade in section 1, see Figure A.9.
tenings or.welds

ht fastenings or welds as the inboard end of the blade section with the cross-section area

©IS

02020 - All rights reserved

calculated

ded by the

(A4)

calculated
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St _ égig
>

1  shearing according to Fc
Figure A.10 — Blades withta shank

Then the f3stening stress is oy = max (04, 0,)

M K
o

T oxIx(L +1,)

—L}

Figure A.11 — Welded blades
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A.4.2.1.3 Hub/back-plate/shroud stresses

Consider only forces due to centrifugal effects. The stresses on the hub are a combination of the self-
induced stress due to the rotation of the hub, the hoop stress due to the loads imposed by the blades,
and the bending stress due to the point loads of the blades. See Formula (A.5):

_ PXR*x@’

o, 107 (A.5)

where

oy isthe self-induced stress in N/mm?;

R, is the maximum hub radius in m;

w is the angular velocity of impeller in rad/s.

p  isthe density of the blade material in kg/m3.

Asspime that only the section of the hub/back-plate/shroud approximately symmetricall about the
plame of rotation through the centre of the blade fixing is supporting'the blades, see Figurg A.12, then
caldqulate the hoop stress using Formula (A.6):

__ NxA

—_ Tt A.6
O (2xmx 4,,) (A.6)

whére

o,  isthe hoop stress in N/mm?;

N is the number of blades;

Fy is the total blade centrifugalforce in N;

Ay is the cross-sectional area of the hub in mm?2.

Calgulate the section modulus/Ix/v about an axis through the section centre of area, parpllel to the
axig of rotation, where p.is-the distance from this axis to the outside of the hub/back-plate/shroud
supporting the blade. Fhen calculate the bending stress using Formula (A.7):

F x2nxR.x10°
G, =" - (A7)
X
ANX12X—
( v
wheére
Ub ib t}lC ‘UClldills Dtl L) ill I“I/’llllll’),

Fy is the total blade centrifugal force in N;
Ry is the maximum hub radius in m;
Ix/v is the section modulus of A, section in mm3;

N is the number of blades.
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Then using linear hypothesis, see Formula (A.8):

Otot = Ogj + O, + Oy (A.8)
where o, is the total stress.
| |
1 1
a1 1
Key
1 crogs-sectional area of the hub in mm? (A.,)
Figure A.12 — Portion of hub to be used for calculation
NOTE $haded parts in Figure A.12 show portion to be used for calculation.
A.4.2.2 (entrifugal impellers
A.4.2.2.1 |Centrifugal force
The centrifugal force is calculated by treating“the blade as one piece, using Formula (A.9) [see
Figure A.13):
F=pKA XLXRX® h.9)
where
F s the centrifugal force in N;
p s the density-of blade material, in kg/m3;
Ay s the crgss-section area of the blade at the centre of gravity, perpendicular to the axis of
rotatiofin mZ;
L stthe distance between the back-plate and shroud, through the centre of gravity, paralle]to
(e axis of rotation, in m;
R is the radius of blade centre of gravity about the axis of rotation, in m;
W is the angular velocity of impeller in rad/s.

22
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Figure A.13 — Centrifugal impeller, calculation of centrifugal forces about a principal axis

A.4{2.2.2 Blade bending moment

See|Formula (A.10):

M=FxL/k (A.10)
whére

F  is the centrifugal force defineddn A.4.2.2.1;

L isdefinedin A.4.2.2.1;

M is the bending momentin Nm;

k is a constant depending on the type of impeller construction (for comparative purpgses use, it

may be assumgéd that k = 1).

A.4{2.2.3 Comparative blade stresses

To ¢alculate.eomparative blade stresses resolve the bending moment about the principal akis and the
strgss cateulated using Formula (A.11) and Formula A.12) (see Figure A.14 and Figure A.15):

FxsinBxL/k . o
0, = > oT 0, = T000X M RSP 77, WithM=FXL/K (A.11)
Xmin
Fx xL/k
= C"Zsﬁ or 6,, =1000x M xcosf / Z,,, withM=FxL/k (A.12)
Ymin
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where

0, and 0,, are the bending stresses about principal axis X and Y in N/mm?

(most of the time, 0,, <0, );
J3 is the angle between principle axis and the radial line of impeller;
Z. and Z, . are the section modulus about principal axis X and Y in mm3.
1 Ap
X 3
L
Key
1 centrifygal impeller
2 back-plpte
3 shroud
Figure A.14 — Centrifugal impeller, calculation of o4,
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1777 "/ A y/A
) — /

Key
centrifugal impeller
back-plate

shroud

Figure A.15 — Centrifugalimpeller, calculation of 7,

A.4|2.2.4 Blade joint stress

Calgulate the relative shear stresses at each blade joint using Formula (A.13):

o, =F/A (A.13)
whgre

o, isashear stréssin N/mm?;

F  isthe centpifugal force in N;

A isthe area of cross-section of fastening at joint in mm?2.

In gpecific-cases, the fastenings experience tensile stress and not shear stress, see fgr example

Fig]igre Al6:
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Key

1 viewX
2 inner f§
3 outer f§
4  rivetso
c adistay

Calculate dllso the relative tensile stresses at each blade;joint using Formula (A.14):

0,=FX
where
o, is
A is
c is
A.5 Ass(

A.5.1 As

M
| |F/ 3 2 _F_
| =
i
A
stening
stening

I spot welding
ce in mm.

Figure A.16 — Centrifugal impeller, calculation of blade joint stress

the tensile stress in N/mm?;
the area of cross-section.of fastening at joint in mm?;

h distance in mm, s€€ Figure A.16.

pssment of changes in a fan family

sessment of motor change

L/(Ax0) Al

If motors (

f-a)different construction or from a different supplier to the one that has been tested

used, the assessment shall be made in accordance with A.2.

A.5.2 Assessment of fan component change

The changes made to the fan family that has been tested shall be re-assessed as follows.

14)

are

After the initial assessment of a fan family including blades made of material alloy A, the way to replace

material A

by material B (of the same main component) is as follows.

First option

Retest the fan including the most highly stressed impeller with material alloy B. The test duration of
alternative impeller material shall be at least the duration of the initial assessment.

26
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Second option

Comparison mechanical tests shall be performed on 5 blade samples (finished worked component in
order to take into account the manufacturing process) made of both alloys.

This comparison tests shall be performed at the aimed classification temperature and during the whole
test period (same heat up period time and temperature time period as in Annex C).

If:

iy
2)

3)
4)
5)

the

If:
1)
2)

the

If p;

See

(Rpo2)2 = (Ryo2)15

(Creep), = (Creep); (for the classification time, the classification temperature andthe fo
to the blade in the fan) and the material has the same geometry, and the sare or bet
roughness and the same or better grain size;

P2=P1;
a, < aq; and
E, > Ey;

N the new material is OK.

@, > ay; or
E,<Ey;

n the material is OK, but the new clearance shall be checked.

> py, then it shall be checked'that (R,2/0:41)2 = (Ry02/0cas.

Annex F for more explandtion.

'ce applied
ter surface
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Annex B
(normative)

Criteria to determine a family of motors in order to select the sizes

to be tested

B.1 Redluction of numbers of tests for a motor family

It is not ug
fans. Provi
(i.e. highes
with this d

If the diffe
80 and 90)
parts ares

When mot
voltage (ke
the same |
provided t
covered by

EXAMPLE
400 V/50 Hz
arated pow

Tables B.1,
the same f
laboratory

The prefer
ventilators
is shown tg
duration o

B.2 Assq

B.2.1 As

The assess

ded tests are carried out on the largest and smallest motor frame size at the/highest rat

pcument.

Fence between two frame sizes is only the height of feet (e.g. the frame size between s
a test performed on the 90 frame size is also valid for the 80 frame-size, provided the ac
trictly the same.

brs are direct on line (DOL) tested at 50 Hz, the applicatiof at 60 Hz (DOL) with the suit
eping the voltage/frequency ratio) is also covered for. motors of the same family inclug

he rated power at 60 Hz, corresponding to maximwmn™1,15 times the power rated at 50 H
the family tested at 50 Hz.

A test of 2 pole motors (frame size 80 at 1,1. kW™ frame size 250 at 55 kW) tested direct on lin|
network is valid for 4 poles motors supplied by DOL network 440 V-480 V/60 Hz for frame sizes
br corresponding to maximum 1,15 times the power rated at 50 Hz (frame sizes 80 to 225 in this c

B.2 and B.3 give the parameters tolbe taken into account to check if the motors are pat
amily. This list of motor components shall be delivered by the motor manufacturer to
before selecting the specimen to be tested according to A.1.

red method to prove the\resistance to temperature of electric motors for use in powsg
(fans) is to test the motor at elevated temperature in a powered ventilator (fan). The m
be functioning satisfactorily if the fan continues to provide the required volume flow for
the test, see C.5:

rssment. 0f changes in a motor family

sessmient for changing a family of motors in a family of fans

ually considered necessary to test every size and speed of motor to be used in:a“familly of

ngs

t voltage rotational speed and power), it is assumed that all the motors in [a range comply

zes
tive

hble
ling

pearings and lubrication and having a higher pole ntimber than the tested pole numper,

Z, is

e on
ith
hse).

t of
the

red
htor
the

A2

B.2.2 As

T T T O I S T S o Oy O T O e O O o To Ty O T To o oo o e orc e ortrotr 1

sessment for changing components in a family of motors

The assessment for changing components in a family of motors shall be done in order to check if the
changes do not worsen the performance of the family of fans. In that case, further specific tests are
necessary to verify performance.

If more than one material of the insulation system within the production life time of the motor (line
"wiring insulation" up to "winding impregnation") is changed, it shall be considered as a new family of
motors and both smallest and largest frame sizes shall be retested.

Tables B.1, B.2, B.3 and B.4 specify the relevant components and the way to change them.
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Table B.1 — Mechanical critical components in a motor

Elements Security level How to change
Housing (carcase) Critical Test performed with cast iron/steel frames is not valid for alumini-
material um frames.
The smallest (thermally critical) and largest frame (mechanically

critical) sizes of the whole range shall be re-tested. If the whole range
consists of several previously evaluated smaller homogeneous ranges,

the intermediate sizes need not be re-tested.

Test performed with aluminium frames is not valid for cast iron/steel

frames, except If additional technical evidence 1s available, (e]g. calcula-
tions, temperature rise consideration, etc.).

A successful re-test of the smallest motor frame size i3 sufficjent to
demonstrate.

Houising (carcase) Critical The design is directly linked to the rate of theymal exchange] so the

dedign (e.g. ribs size, change is not possible, except if additional techrfical evidencg is availa-

spdcing and distribu- ble (e.g. calculations, ...etc.).

tion but not method Successful comparison tests according.to B.2.3. between original and

of rhounting) : ; . . -
alternative design performed on a répresentative sample is Jufficient to
cover the change.

End shields (drive Critical Tests performed with aluminium frames are valid for cast irpn/steel

end and non-drive frames but not vice versa,

end) material

Coqling impeller Critical “No impeller” is considered as more critical than a plastic impeller,

material itself more critical than an aluminium impeller, itself more ctitical than
a cast iron/steekimpeller.

This component is not critical for axial fans where the motoris in the
airstream.

Far] cover Critical “No impeller casing” is considered as more critical than a pldstic casing,
itself-more critical than an aluminium casing, itself more critical than a
cast’iron/steel casing.

This component is not critical for axial fans where the motoris in the
airstream.

Bedring type Critical In order to replace a ball bearing by an angular contact bearing for ver-

(balll, rollers...) tical application (including the same grease), then retest the gmallest
motor equipped with an angular contact bearing. The motor|shall be
tested with the highest axial load consistent with the specifipd expect-
ed bearing life for the motor range.

This configuration is reached by weighting, if necessary, the jhub of the
impeller to increase the axial force.

For a motor range approval made according to Annex D, the fest for
changing the ball bearing into an angular contact bearing shpll be made
with a test bench in vertical position, applying the highest pgrmitted
Toad on the bearing.

Class of fit/Bearing |Critical CO0 is considered as more critical than CN, itself more critical than C3,

Clearance itself more critical than C4.

Arrangement Informative Changes are allowed, provided that the axial clearance between end

(locked/floating) shield and bearing is the same or higher than tested. If test was per-

formed on motor where both bearings are floating, it is not possible to

mount any motor with one locked bearing.
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Table B.1 (continued)

Elements

Security level

How to change

Lubricant/grease

Critical

Only the tested grease can be used.
A new test is required for a new grease.

Test only the motor or the fan with the motor including the bearing
which has the highest peripheral speed (i.e. rotation speed x medi-
um diameter of the bearing). If several bearings sizes have the same
highest peripheral speed, select from these the bearing which has the
highest rotation speed.

Table B.2 — Electrical and insulation critical components in a motor

Elements Security level How to change

Rotor (matgrial of bars, Critical A range tested with copper bars is valid only for copper cagg.

end rings) A range tested with aluminium cage is valid for'both, providled
the full load power and temperature rise-dre not increased.

Laminatior] steel grade Informative This grade is usually changed to incréase the efficiency. No
extra testis required, provided theleore length is not reducgd.

Stator Informative Manufacturing and assembling mrethod, motor outline rangp
drawing showing the main dimensions of motor and a table
with the dimensions for edch size are required.

Internal copling Critical If at least one motor was tested with an internal cooling impel-

impeller ler, an impeller made ofthe same material can be mounted jn
other motor sizes if required to meet requirement of tempefa-
ture rise.

Wiring insylation* Critical If the wire insulation change comes from a change of its ma}
terial, ther€is a doubt concerning its association with othe
insulation materials of the stator. Retest the smallest motor/
the fan-with the smallest motor, because it includes the high-
estwindings density and because it has the smallest therml
inertia.

Slot insulatfion* Critical Suppliers’ data sheets that show that the new insulation mate-
rial is identical to the tested insulation material are acceptdble
(identical means exactly the same material and not only thg
same thermal classification). Otherwise, retest the smallest
motor frame.

An increase in the thickness of identical material is allowed
without retesting.

Interlayer i(rsulation (be*{ | Critical Idem

tween windlings insided

same slot)*

Slot wedge Critical Idem

Phase insulation* Critical Idem

Lacing ribbon* critical Idem

Winding impregnation* Critical Only the resin tested or exactly the same material as tested is
accepted. Otherwise, retest the smallest frame size which is
the most critical regarding the penetration of impregnation
varnish.

Method of impregnation*  |Critical If the method of impregnation is changed, retest the smallest

motor frame size manufactured with the alternative method,
except if the initial method was one dipping and the manufac-
turer decides to use two dipping.
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Table B.2 (continued)

Elements

Security level

How to change

Terminal box or flying leads

Critical

Test performed on a motor equipped with a terminal box is
only valid to cover motors equipped with terminal boxes. Test
performed on a motor equipped with flying leads only covers
motors equipped with flying leads. A test of one example of the
alternative configuration is sufficient to allow the change.

Where the same type (insulation, manufacturer) of

used for both applications (same cable as flying leads is used

to connect winding heads to the terminal board an

cables is

also from

terminal box to outside), the test with terminal bex
flying leads application.

covers the

Terminal board

Critical

Change of this element can be carried out ifit/is sep
tested in its terminal box at equivalent yoltage and

specified classification temperature #50,°C inside the terminal

box, using the same cables and way(©f fixing them. ]
is acceptable if no short-circuit gectirs during the sy
classification time.

hrately
ht the

'he change
ecified

Terminal leads

Critical

These leads are an internal‘part of the motor and sh
ed with the smallest motor frame.

all be test-

fittpd

Glapd and gland sealing, if

Critical

No gland (and no pratection during the test) is cons|
as more critical thana plastic gland, itself more crit
metal gland.

idered
ical than

Insplation and type of con-
nedtion between terminal
leadls and stator winding

Critical

The method oficonnection (e. g. clamping or welding
the materia] of the insulation sleeve protecting this
tion arébeth critical. If one or other of these param,
changed, retest the smallest motor frame size.

F) and
connec-
pters is

Table B.3.— Variant acceptability

Elements Security level How to change

Application (direct |Critical Tests made with a frequency converter are valid for DOL operation at

on line, frequency the same voltage and frequency.

converter) o . . .
When the initial assessment is performed direct on line (DOL), no
further test is required for use with converter provided thit:
— any of the four filters described in Table B.4 is used wjth the

converter; and
— the power of the motor is de-rated by 20 %2 or by a fagtor that
results in the DOL or lower temperature rise.

If the initial assessment is performed in DOL application and the
fan family needs to be installed with frequency converterq without
filters or de-rates, then retest both the smallest and largedt frame
motors at their highest powers and voltage, supplied from|frequency
CUIIVCT LT 5 ill dLLUI Llcllll,l‘,' VViLll @ ll).

Forms of running Critical If a motor or family of motors is intended for installation in either

(horizontal, vertical) vertical or horizontal or intermediate positions, a minimum of one
motor shall be tested in each of vertical (shaft down and motor down-
stream or shaft up and motor upstream) and horizontal orientation.

Air direction (motor |Critical Worst case valid for both. See A.1 g) and i).

upstream, motor

downstream or both)

Mounting feet or Informative

flange or foot and

flange.

a  Based onIEC 60034-17.
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Table B.3 (continued)

Elements Security level How to change

Second end shaft Informative

Protection IP56 and |Informative

[P65

Use grease nipples | Critical Tests done with grease nipples are valid with permanent grease
bearings.

Reinforced bearing |Critical 62 series is considered as more critical than 63 series.

series 63

Options

Sensors Critical It is only possible to use sensors PTC, Pt100 or bimetallic detectorf
if they are disconnected in case of a fire emergency, and if they wefe
present during the tests.

It is possible to install only one of these options for.initial assess-
ment, provided they are all installed inside the moter in the same
way (same insulation sleeve).

Heating elements Critical Itis allowed to fit anti-condensation heating-elements, but they shall
not be in service during the normal motoroperation or the emerggn-
cy and should have been present during,the test.

Supplying dable to Critical The cables can be replaced by other<ables tested in the same condi-

motor (betyveen tions of temperature/time and«<phnection on evaluation of the test

terminal bgx and out- laboratory.

side) or flyipg leads

Capacitor Critical The alternative capacito¥’shall be placed at the same location as
for the tested one. Plastic capacitor may be replaced by aluminiumnj
capacitor but not vige-versa.

a  Basedo

h [EC 60034-17.

Table B.4 — Filters'for frequency converters

Ordered by best protection pro-
vided for|{motor (insulation and Voltage drop Losses to be added
bearings)
Variable speed drive (VSD) + sinu- 10 % 0%
soidal filteq
d,/dfilter Negligible 0,1 % to 1,5 % due to filter
+8 %-14 % due to VSD (PWM)
Motor ternjination unit Negligible 0,1 % to 1,5 % due to filter
+8 %-14 % due to VSD (PWM)
Output reagtor Negligible 0,1 % to 1,5%
+8 %-14 % due to VSD (PWM)
B.2.3 Assessment of changes using Annex D

Annex D gives the possibility of performing the test of motor independently of fan hazard and is helpful
for controlling electrical, thermal and aerodynamic conditions on the motor.

A test of the initial version of the motor and a test of the alternative version are performed in the same
conditions by recording the following parameters by means of type K thermocouples:

— temperature in the winding heads;

— temperature in the bearings.

If the test of the initial version fails, no conclusion can be issued.
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If the required temperature data from a test of the original motor is already available, only a test of the
alternative version of motor is required.

If both tests are successful and the temperatures measured in the alternative version are equal to or

lower than the ones measured in the initial version of the motor during the whole test period, (which
can be up to 25 K higher to allow for tolerance in the measured furnace temperature), then the change

is allowed without the need for any extra testing.

If the alternative version fails or if the above temperature comparison criterion is not matched, then there
are doubts regarding the effect of the change on the emergency high temperature performance and:

— |the change cannot be accepted; or

— |if the motor manufacturer believes that the test failed due to the high stressing ¢onditions of the
testaccording to Annex D, he/she can retest the alternative motor version in all faniranggs for which
he/she wants to supply the alternative version of motor.

B.2{4 List of motor components

Thip subclause indicates the list of information required by the test labdratory to evaluate changes and
seldct motors that can be tested:

Figiires B.1 and B.2 show the location of some of the referenced omponents.

— | General information:

Moftor manufacturer

— | General data:

Moftors reference

Loyvest and highest frame
sizps with their highest
rated power

Hi
Highest frequency

—

ghest voltage

Highest and lowest poles
number

Insjulation class
Ride temperature class

— | Mechanical data:

Elements Reference Material and characteristfics

Frame material

End shields (DE and NDE)
material

Cooling impeller material

Fan cover

Bearing type (ball, rollers...)
Class of fit (C3, C4)

Bearing clearance
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Arrangement
(locked/floating)

Lubricant/grease

— Electrical and insulation data:

Elements Reference

Material and characteristics

Rotor (material of bars...)

Stator core

Wiring inqulation

Slot insuldtion

Interlayer|insulation (between wind-
ings insid¢ a same slot, if used)

Slot wedgg

Phase insylation

Lacing ribpon, if used

Winding ilmpregnation

Terminal liyoard

Terminal lleads, if used

Gland and|gland sealing, if fitted

Insulation and type of connection
between windings heads and termi-
nal leads

The variants through the range concern:

— cooling arrangements (IC 40, IC 41, IC 48, etc?);

— electrikal connection (terminal box, or flying leads, etc.);
— the application (direct on line, frequency converter);

— forms pf running (horizontal, vertical);

— air dirgction (motor upstream, motor downstream or both).
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Figure B.1 — Details of stator

varnish
slot insulation
copper wires
layer insulation
0 leads of sensors and heaters
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Key
1 internal impeller

Figure B.2 — Example of motor with external and internal cooling impeller
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Annex C
(normative)

Test method for the determination of fire resistance of powered

smoke and heat control ventilators (fans)

C.1

Fird
hav

C.2

C.2

Principle

resistance of powered smoke and heat ventilators (fans) is assessed with the fan set up
e, at normal ambient pressure and temperature (i.e. density 1,2 kg/m3):

the power output from the motor from 80 % to 100 % of the rated power 0f the motor;
the fan operating anywhere on a stable part of its volume pressure ¢urve.

Apparatus

1 Furnace, capable of heating the required air flow and faising the temperature of the sy

in order to

stem to the
or through
res C.1,C.2

spefified level in the specified time within the specified tolerances, either connected directly
a system of ducting either to recirculate the hot gases oy, to discharge to atmosphere, see Figu
and|C.3.

- N

N I

N I
Key]
1 |furnace
2 |fan

Figure C.1 — Fan connected directly to furnace
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Key
1 furnacg
2 fan
Figure C.2 — Fan connected to furnace by recirculating-duct system
6
Key
1 furnace
2 fan
Figure C.3 — Fan mounted inside furnace
C.2.2 Flgwand/or pressure measuring equipment, inaccordance with ISO 5801,1S0 5167 (all parts).

C.2.3 Thermo-elements and thermocouples, in accordance with EN 1363-1. Plate thermometers
(according to EN 1363-1) shall not be used; type K thermocouples shall be used to measure furnace
temperature at 100 mm upstream of the fan, in accordance with EN 60584-1.

It is allowed to use shielded thermocouples for stability reasons.

C.3 Preparation

NOTE Some test furnaces are specified in ISO 834-1.
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.1 Axial Fan running (tip) clearance

A fan that is intended for installation outside of the smoke reservoir may be tested inside the furnace
or outside the furnace with applied insulation. In these cases, the test fan shall be provided with a tip
clearance reduced in accordance with Formula (C.1):

Reduced clearance = normal clearance - reduction of clearance

Reduction of clearance = (D, 4 / 2) x C x AT

mn,c

(C.1)

whg

4

NOT
tem

Med
An

NO1I
con

C.3

For
For
the
med
tem

NOT
the

ere

D 0. 1S the diameter at minimum clearance in mm;
is the coefficient of expansion for the material of the casing;

AT is half the difference between the hot gas temperature and the ambient temperatur

E1  For this calculation, the casing temperature is assumed to be-the average between
perature inside the fan and ambient temperature outside the fan.

sure the minimum clearance between the impeller and the €asing.
example of procedure to measure the clearance is given i C.3.2.

E2 A ventilator tested with insulation has a higher casing temperature than one without ins
equently under test has a larger tip clearance.

2 Measuring of running clearance

an axial fan, the running clearance is thé gap between the blade end and the fan case (tip
a centrifugal impeller, it is the clearance between the inlet nozzle and the impeller. A

isured before the test and may be’measured for information when the fan has cooled aff
perature test. See Figure C.4t

E A measurement of/the-tunning clearance after the high temperature test can provide infi
blongation of an impellerblade and/or hub as a result of centrifugal force.

e, in mm.

the hot gas

ulation and

clearance).
ditionally,

‘e may be an overlap between thevimpeller and the inlet nozzle. The running clearange shall be

er the high

rmation on

© IS0 2020 - All rights reserved

39


https://standardsiso.com/api/?name=59689a55ebb3090922ef8cd1d22c2acf

IS0 21927-3:2020(E)

Dinlef
2+ |
i C
- — 3
[
1 1
! !
a) Centrifugal impeller b) Axial impeller tip clearance
riinning clearance and overlap
Key
1 runnfng clearance
2 runnfng clearance
3 overlap

inletnozzle
Figure C.4 — Tip‘clearance

Example of measurement procedure:

Step 1: Fiy a suitable measurement devicey-e.g. displacement transducer, to the impeller and rotate to
find the minimum position of the casingyof the nozzle.

Step 2: On|the minimum position place a pin, e.g. drill bit, and rotate the impeller. If no impeller blddes
make contjct with the pin, takethe next largest size of pin. When an impeller blade is rubbing the |pin,
the tip cleqrance has been established.

Step 3: If required, markdhé impeller blade and the minimum position.

For accuraty, drills bits with diameter step of 0,1 mm may be used.

C.3.3 Installation in furnace depending on the intended application categories

F foll i th lier’sinst ti ith it ir-intal id tedtothe £
Setup the an’ O nunng QCllpp lersinsrtruc 1nnc’ JALL realr-intfake clide connecte ral ernlurnac SO

that it represents as near as possible the conditions to which it will be exposed in service.

Test the fan by a method appropriate to the application category(ies) determined according to 4.2.2.
Set up a smoke reservoir ventilator either surrounded by hot gases as indicated in Figure C.3, or, if the
motor is inside the fan, totally surrounded by the high temperature gas flow and not cooled by ambient
air. Set up the insulated ventilator so that the effect is the same as being surrounded by hot gases.
Install a non-smoke reservoir ventilator connected to the hot gases either by partial insertion, e.g. for
a roof extract unit, or in a ducted system surrounded by ambient air (see Figures C.1 to C.3). It may be
necessary to make special duct connections when hot gas recirculation test systems are used. Install
the duct connection so that it does not prevent heat recirculation to the motor if this could happen in
practice. For the case of the roof fan, such a connection duct cannot be used to measure air flow rate,
but the temperature of the incoming air can be measured for information.

40 © IS0 2020 - All rights reserved


https://standardsiso.com/api/?name=59689a55ebb3090922ef8cd1d22c2acf

IS0 21927-3:2020(E)

A fan for use as a jet fan shall be tested completely assembled.

A jet fan can be tested according to Figure C.3 or mounted completely inside a recirculating duct (i.e.
fan surrounded by hot gases) provided its working point is stable. If the ventilator discharges motor
cooling air into the main airstream, set up the ventilator so that the flow of cooling air is the minimum

that is achieved in practice.
NOTE1 The flow rate is affected by the operating point and the upstream and downstream loading.

Set up a flow or pressure measuring device in the system to measure the volume flow or pressure of
the fan.

NOTE 2 The installation of flow measuring devices or pressure taps is not critical as the readlngs are for

comlparative purposes only and cannot be used to indicate actual performance.

Fit at least three furnace thermo-elements at approximately 100 mm upstream of theintake
venfilator, positioned uniformly, to measure the temperature of the incoming gases.

Wh

equipment taking care that it does not affect the flow rate of cooling-air/ Position the te

Sen

For
bet

Fit ¢
wit

NOT1
(buf

Add
con
cur
tak
of t

ere the motor is mounted within the fan casing and is cooled by ampient air, fit flow

sors centrally at the inlet and outlet cross-sections.

insulated fans, install thermocouples at the critical positiofi)(e.g. thermal bridge, o
veen two insulation boards), observing the following rules:

thermocouples 50 mm away from the corner if applicable and at the centre of each face;
thermocouples 15 mm away from the joint between faces;

thermocouples 25 mm away from critical point (e.g. penetrating screws where the diamn
than 25 mm);

at least three surface temperature therfhocouples for 1 m? side.

lectrical devices for the measuremént of frequency, voltage, current, power and speed in
h [EC 60034-2-1. A frequency measurement is not required if the main supply is of known|

E3
in no case inside the slot).andbearings at ambient and high temperature for information.

itional precautions.aré needed when the power to the motor is being supplied from 4
verter: if the outputfrom the frequency converter is fed to the motor via sinusoidal filters, {
Fent and electrieal/power may be measured with conventional instrumentation. Howevel
b1 into consideration that the use of sinusoidal filters can result in a voltage drop of 10 9
he fundamental wave root mean square (r.m.s) voltage at output of the frequency conver

plate of the

measuring
mperature

ver a joint

eter is less

hccordance
frequency.

It is possible to measure\femperature rise by means of a thermocouple affixed into the wjinding head

frequency
he voltage,
- it shall be
b from that
ter. Where

sinysoidal filters are not used, conventional and wideband power analysers and digital voltnjeters shall

med
reg

isureithe total r.m.s values including all harmonics generated by the Frequency Convert
stérwoltages between 20 % and 30 % higher voltages than the fundamental wave r.m.s

the

br and may
alues. It is
bectrum in

Fofare necessary to use power qn:\]ycprc ar voltmeters either able to get the r‘nmp]ph3 N

order to identify the fundamental wave or equipped with low pass line filters that attenuate harmonics
of the variable speed drive (VSD) output and enable accurate measurements to be recorded.

Care shall be taken with the test set-up to ensure that other instrumentation, transducers and sensors
are not affected by electromagnetic interference. It may be necessary to use screened power cables
and/or shielded sensor leads to guarantee the reliability of all other recorded measurements.
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C.4 Procedure

C.4.1 General conditions

Carry out the following tests, continuously in the order indicated, at an ambient temperature between
15 °C and 40 °C and in a location not affected by varying ambient conditions such as rain, snow or
wind. Test insulated fans inside a building. Check that any cooling air is not below 15 °C. Start test
measurements prior to the test period. For all fan classes different from Fg,,, test in accordance with
C.4.2,C.4.3 and C.4.4. For fan Class Fg,, testin accordance with C.4.2 and C.4.5.

If a fan is tested ata hlohpr temperature than thatwhichis cnpmflpd for a lower class or classes and for

a time whi
shall also 1

C4.2 W3

C4.21 Q
up period
a minimur
measurem

Do not ope]

When a la
stabilizatid
fan motor
stabilized.

If bearing
thermoco

C422 (Q
readings at

A variatior o

be conside

C.4.3 He

Increase t}
more than
or pressur

C4.4 Hij

Ch is equal to or longer than that which is spec1f1ed for a lower class or classes, then thel
e approved for the lower class or classes.

irm up period

perate a dual purpose use fan at ambient temperature, at the maximum-speed, for a w
lintil the motor frame or winding temperature increase is less than.2 °€ in 10 min, but
n period of 60 min. Record voltage, current, power, flow or pressure and tempera
bnts at intervals not exceeding 1 min. Ensure that the measurements-are stable.

rate a fan for emergency only use prior to test.

Fge fan is tested in a recirculating duct or inside a furhace, it can be difficult to ach
n of the motor temperature. When the temperature rise for the insulation class of
is reached, the heat up period can start providedsthat the fan volume flow or pressuy

emperature measurements are required fordnformation, monitor temperatures by mear]
les fitted as near as possible to the outerrings of both bearings.

perate an emergency only use fan, at,ambient temperature until the volume flow or press
e stable.

f+2,5 % in volume flow or%5 % in pressure, averaged over consecutive 2 min periods,
red stable.

at up period

e gas temperature at the intake plane of the fan to the appropriate value in a period of
P measurements.

rh teinperature test

fan

hrm
for
ure

eve
the
e is

s of

ure

may

not

10 min and ©6tless than 5 min. Record voltage, current, power, temperature and flow and/

Carry outt

etestsothatthe average temperature upstream ofthe imppllpr isnotlessthanthe cppr‘i

ied

temperature and not more than the specified temperature +25 °C, maintained for the appropriate
period of time. Record electrical, flow or pressure and temperature measurements at intervals not
exceeding 1 min. Correct pressure measurements for the effects of density change due to temperature.

After 15 min, switch off the fan for 2 min, and then restart the fan. During this period, the temperature
variation may exceed the specified limits.

If the motor is driven by a frequency converter, the motor shall be stopped (power switched off) without
any decelerating ramp set by the converter and then restarted after two minutes via the converter
which is programmed with the shortest practical starting ramp (acceleration time).

Add the time the ventilator is switched off or is working below its target frequency to the specified
period of the test.
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C.4.5 High temperature test in accordance with temperature time curve

Increase the gas temperature at the intake plane of the ventilator in accordance with the standard
time/temperature curve defined in ISO 834-1. Control the average temperature to a tolerance of
0 °C to +25 °C. Test the ventilator for a period of 30 min. Record electrical, flow and/or pressure and
temperature measurements at intervals not exceeding 1 min. Correct pressure measurements for the
effects of density change due to temperature.

During this period the temperature variation may exceed the specified limits.

C.5 Compliance criteria

Theg volume flow shall not decrease by more than 10 % and not increase by more than 2% %, or the
staflic pressure difference (corrected for the effects of density due to temperature changg) shall not
decfrease by more than 20 % and not increase by more than 50 % of that measureéd at thel end of the
waim up period of the test.

C.q Testreport

C.6{1 Prepare a test report after completion of each test including the following information:
a) [the name of the test laboratory;

b) [the name of the sponsor;

c) |the date of test;

d) |the name of the supplier and trade name of the product;

e) |areference to the test methods;

f) |the catalogue description, size andspeed of the ventilator tested;
g) |the ancillaries tested including electric cables (type, size, supplier);
h) |the temperature/time class'(see 4.4);

i) |the application categories (see 4.2.2);

j) |the snow load class;

k) |details of the’test arrangement including all equipment used for measurement of temperfture, flow,
pressureygurrent, voltage, electrical power and wind and snow load;

1) |observations, measurements and calculated results made before, during and after the tests in
accordance with Annexes C and E or D;

m) when the test is performed to assess the fan for installation with a frequency converter: record
the model reference and type of converter (e.g. pulse width modulation [PWM]), type, section and
length of cable between converter and motor, switching frequency, start ramp time, type of filter
if used and the frequency supplied by the converter. If the fan is intended for installation with
different models or brands of frequency converter, record the maximum voltage peak, peak to peak
value and the maximum rate of voltage rise (d,/d,) at which the motor has been tested.

C.6.2 Prepare an additional test report providing details of a complete product family that may be
covered by a number of tests including:

a) the fan model reference or catalogue code;

b) the product range covered by the tests in accordance with Annex A;
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c) the fan speed;

d) the impeller and hub diameter, tip clearance (see C.3) length and number of blades;

e) the approximate blade cross-sectional area;

f) the approximate hub cross-sectional area;

g) the motor speed if different from c);

h) the motor model reference or catalogue code;

i) the mg
j) the be
driven
k) the ca1
1) theins
m) which
n) when
(e.g. PY

freque
model
peak v
many

rise ar

tor rating;

hring type, class of fit, lubricant and arrangement for motor, and for fan if fan is-indire

case, end cover and cooling impeller (if fitted) material;
ulation specification and class;
ancillaries are covered;

the tests have been performed to allow use with frequency ¢onverters: type of conve
VM), switching frequency, starting time ramp, filter to be-used (if any) and allowed higl
ncy for the converter application. If the fans are intedded for installation with diffe
b or brands of frequency converter, include informatign.on maximum voltage peak, pea

ctly

'ter
hest
rent
k to

alue and the maximum rate of voltage rise (d,/d,) atwhich a motor has been tested. (when

notors are tested to cover a range, the referencevalues for voltage peak and rate of volt
e the lowest values recorded among the differenttests);

0) arecommendation about the supplying electric cable: “the fan shall be supplied by an electric c

which
install
p) thefol
perfor
q) allinfd

C.6.3 E

The fan m
considerat

a) For ea
(see C|

is suitable for smoke exhausting application and for the relevant temperature-time
htion classes”;

age

hble
and

owing statement: “The tip/running clearances can have a large influence on the aerodynamic

mance.”;

rmation indicated in 6.3.2.6.

valuation of the minitntim tip clearances for serial production of axial fans.

hnufacturer shall“Submit to the lab data regarding the minimum tip clearances (taken
on manufacturing tolerances) for the serial family of fans that he intends to produce.

ch submitted test specimen measure the actual minimum tip clearance for the impe
).

b) Calcul

nto

ller

htefor each test specimen the clearance safety factor.

The definition of a safety factor, C, is calculated using Formula (C.2):

C=]/]n

where

Jin,  is the minimum tip clearance declared by the manufacturer;

Ji is the minimum tip clearance measured by the lab.

C shall be greater than or equal to 1.
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The safety factor to apply to the declared minimum tip clearances for non-tested fan sizes shall be:

the safety factor of the smallest tested size for fans smaller than that which was tested;

the safety factor of the largest tested size for fans larger than that which was tested;

— the highest safety factor of any two tested fans for sizes in between the two tested sizes,

EXAMPLE

factors, Cyqg, C719 and Cy,5(, are derived

If, in order to cover a family of fans, it is necessary to test 400, 710 and 1 250 fan sizes, 3 safety

For fan sizes smaller than 400, the accepted tip clearance is the declared minimum tip clearance

(supplied by manufacturer) multiplied by the C,0 safety factor.

For

(supplied by manufacturer) multiplied by the C; 5, safety factor.

For

For

(supplied by manufacturer) multiplied by the maximum (C,; or C;,53)safety factor.

a)

b)

fan sizes larger than 1 250, the accepted tip clearance is the declared minimum tig

fan sizes in between 710 and 1 250, the accepted tip clearance is the de¢lared minimum ti

Depending on the test configuration (within the furnace, with-or without insulation, ef
intended applications (smoke or non-smoke reservoir, instlated fan) the above clearanc
to be corrected in accordance with C.3.1.

Two tables shall be supplied in the range report:

— one table providing the minimal tip clearance for installation outside the smok
without insulation;

— one table providing the minimal tip clearance for installation inside the smoke r
with insulation.

clearance

fan sizes between 400 and 710, the accepted tip clearance is the declared minimum tip clearance
(supplied by manufacturer) multiplied by the maximum (Cy, or C,4,) safety’factor.

b clearance

c.) and the

bs can have

P reservoir

PServoir or
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Annex D
(normative)

Test methods for electric motors to determine the impact of the

changes on the product characteristics

D.1 Prir

Another nj
ventilators
method of
the require

D.2 Test

D.2.1 Mg

Within the
and are w¢g

loadin

“electn]
29:20(
mecha

IEC 60034
frequency,
the heat uj

that period.

The modul

Concerning
normally i
converter \

nically by a generator as described in Figuire D.1.

Iciple

ethod to prove the resistance to temperature of electric motors for usenin“powsg
is by testing the motor at elevated temperature in conjunction with a genérator or of
providing the load. The motor is shown to be functioning satisfactorily by continuing to
d output corresponding to the desired temperature/time category.

s in association with a generator or another load

dulated frequency method (MFM)

EN 60034 series, different methods for loading a mator are approved as being equiva
[l used by motor manufacturers. Either:

b motors with a generator; or

ically” loading the motor by using the Modulated Frequency Method, described in EN 60(
8, 6.2.2, which gives the same temperature rise in any active motor as it has if lod

-29:2008, 6.2.2, describes the way-to electrically load the motor by using a moduld

of the motor with a temperature rise, stabilized by the setting of the current value du

hted frequency is generated with a frequency converter.

b the MFM (IEC~60034-29:2008, 6.2.2), the input power cannot be easily measured,
[ is possible tg ‘obtain values for the voltage, the current and power between motor
vhich represents the losses of the motor tested.

minary teésts shall be performed at ambient temperature by the motor manufacturer in o1

Some preli
to establis

The settin

I the Saime temperature rise as the rise measured with DOL or inverter running.

the current within the motor is at least the same as the current when the motor is loaded by a

red
her
bive

lent

34-
ded

ted

which means the motor is accelerating and de-accelerating within a short time, resultinlg in

[ing

but
and

der

generator on a test bench;

by a generator through an inverter on a test bench;

the average frequency shall be the highest frequency required for the approval.

the temperature rise within the motor is the same or higher than the rise when the motor is loaded

Since the measurement of power is not relevant, the lab shall measure the current and the average

frequency.
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D.2.2 Apparatus for testing with a generator

D.2.2.1 Test installation

Mount the motor on a stable support in an enclosure that has a minimum radial dimension twice the
maximum motor dimension.

Link it via a coupling and transmission shaft to an adjustable external load, such as a generator, which
absorbs the power output of the motor.

To circulate the hot gas past the carcase at the rated velocity, fit either the normal integral cooling
impeller or an external impeller if the motor is mounted within the fan airstream. Mount tile external
impeller either directly on the motor shaft or on the transmission shaft.

Air gpeed and air flow may be measured along the motor frame at ambient temperature for irjfformation.

D.2|2.2 Specifications for bearing load

Projide means of applying axial and/or radial load to the motor shaft corresponding to a certdin capacity
of bearing defined according to the rules stated in applicable standards-ISO 281) and corregponding to
a life time, L, as defined in the motor manufacturer documentation. For example, apply either a radial
load and/or an axial load.

Profide means of applying axial and radial loads to the motorshaft. For example, apply the axial load
by ttigidly connecting the motor to an external load generator that is free to move axially anfl so can be
usef to convert a stationary axial load to one that rotatées:-See Figure D.1.

s s/ s s

7
‘S S A
Key
1 motor to be tested 6  generator
2 fixed support 7  mass
3 sliding support 8  axial load, induced by mass (7)
4  radial load (e.g. steel disc) 9  furnace
5 flexible couplings, torsionally rigid 10 penetration point

Figure D.1 — Typical method of applying radial and axial load to a motor
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D.2.2.3 Temperature measurements

Fit one or more furnace thermocouples at a distance of approximately 100 mm from the motor frame
to measure the temperature of the surrounding gases. Fit devices between the ribs of the motor for
surface temperature measurement.

Fit also equipment in the windings to check temperature rise of motor.

No plate thermometer (according to EN 1363-1) can be used; type K shielded thermocouples with at
least a 3 mm diameter lead shall be used around the motor to control furnace temperature.

D.2.2.4 Hlectrical measurements

Measure f1

Additional
converter:

voltage, cufrrent and electrical power may be measured with conventional instrumentation. Howe

it shall be 1
from that

Where sinusoidal filters are not used, conventional and wideband pewer analysers and dig

voltmeters|
converter
values. It i
spectrum
current an

Care shall

are not affected by electromagnetic interference. It may be necessary to use screened power ca

and/or shig

D.2.3 Te

Select test
D.2.4 Te

D.24.1 G

Carry out t

D.2.4.2 V

Operate th

equency, voltage, current, power and speed in accordance with IEC 60034-2-1.

precautions are needed when the power to the motor is being supplied frem a freque
if the output from the frequency converter is fed to the motor via sinusojdal filters,

aken into consideration that the use of sinusoidal filters can result in.a voltage drop of 1
f the fundamental wave r.m.s voltage at output of the frequency converter.

shall measure the total r.m.s values including all harmonies generated by the frequg
ind may register voltages between 20 % and 30 % highei“than the fundamental wave r

n order to identify the fundamental wave to enable‘accurate measurements of volt
l r.m.s. input power to be recorded.

be taken with the test set-up to ensure that other instrumentation, transducers and sen
blded sensor leads to guarantee the reliability of all other recorded measurements.

5t specimens

Kpecimens in accordance with Anhexes A and B.

5t procedure

eneral conditions

he tests at a stahting ambient temperature between 15 °C and 40 °C.

yarm up{period

e miotor at ambient temperature at its rated frequency and voltage and at 100 % of

ncy
the
ver,
D %

ital
ncy
m.s

s therefore necessary to use power analysers or voltnieters able to record the complete

hge,

ors
bles

the

rated powsq

28

Operate the motor at ambient temperature until the motor frame or winding temperature increase is

less than 2

°Cin 10 min but for a minimum period of 60 min.

Record electrical and temperature measurements.

If the temperature rise of the motor exceeds one class below the insulation class of the motor, the motor
shall not be used for smoke vent application.

Measure the temperature of bearings by means of thermocouples fitted as nearer as possible to the
outer rings of both bearings.

Increase the temperature at the air intake of or around the motor to that specified in Table D.1 within a

period of n

48

ot more than 10 min or not less than 5 min.

© IS0 2020 - All rights reserved


https://standardsiso.com/api/?name=59689a55ebb3090922ef8cd1d22c2acf

IS0 21927-3:2020(E)

Table D.1 — Test temperature and functioning time according to classification

Record electrical and temperature measurements during this period. Adjust the’load app
or so that the motor output power is F times the rated power at a density of 1,2 kg/m3, where Fis as
follpws:

mof

D.2

Car
+25
intq

Aftq
tem

If th
anyl
whi

Add
oft

D.3

Minimum func-
Temperature L. .

Class tioning period
¢ min
F200 200 120
F300 300 60
F400 400 120
F600 600 60
F842Z 877 30

not classified as specified by as specified by

sponsor sponsor

0,88 at a temperature of 200 °C;
0,84 at a temperature of 250 °C;
0,80 at a temperature of 300 °C;
0,76 at a temperature of 400 °C;

0,60 at a temperature of 600 °C.

4.3 High temperature test

'y out the test at not less than the specified temperature and not more than the specified t¢

rvals not exceeding 1 min.

br 15 min, switch off the motor for 2 min, and then restart the motor. During this
perature variation may exceed the specified limits.

decelerating ramp-set by the converter and then restarted after two minutes via the
ch is programmed\with the shortest practical starting ramp (acceleration time).

the time theémotor is switched off or is working below its target frequency to the speci
he test.

Test report

lied to the

mperature

°C and for the appropriate period-of time. Record electrical and temperature measufements at

beriod, the

e motor is driven by a frequency converter, the motor shall be stopped (power switched off) without

converter

fied period

D.3.1 Prepare a test report after completion of the tests including the following information:

©IS

the name of the test laboratory;

the name of the sponsor;

the date of test;

the name of supplier and trade name of the product;
areference to the test method/s;

the catalogue description, frame size, class of insulation and speed of the motor tested;
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g) the temperature time class (see 4.5);

h) the application classes (see 4.2.2);

i) the product range approved by the tests in accordance with Annex B;

j) details of the test arrangement including all equipment used for measurement of temperature,
current, voltage, electrical power and (if required for information) air speed and air flow at ambient
temperature;

k) observations, measurements and calculated results made before, during and after the tests in
accordanree-with-Annexb:

1)  when the test is required to qualify the fan for installation with a frequency converter: redord
the mqdel reference and type of converter (e.g. PWM), type, section and length of cable between
conveifter and motor, switching frequency, start ramp time, type of filter if used and the frequgncy
suppli¢d by the converter. If the fan is intended for installation with different models or brands of
frequency converter, record the maximum voltage peak, peak to peak value and the maximum fate
of voltage rise (d,/d,) at which the motor has been tested.

D.3.2 Prdpare an additional report providing details of the complete productrange approved includfing:

a) the mdtor speed;

b) the mdtor model number or catalogue code;

c) the mdtor rating;

d) the bearing type, class of fit, lubricant and arrangemerit;

e) the carcase, end cover and cooling impeller (if fitted) material;

f) the indulation specification and class;

g) when the tests have been performed te-approve use with frequency converters: type of convefter
(e.g. PWM), switching frequency, starting time ramp, filter to be used (if any) and allowed highest
frequency for the converter application. If the fans are intended for installation with diffefent
model$ or brands of frequency ¢onverter, include information on maximum voltage peak, peak to
peak vjalue and the maximum\rate of voltage rise (d,/d.) at which a motor has been tested. Wjhen
many iotors are tested to.dpprove a range, the reference values for voltage peak and rate of vol{age
rise arg the lowest values técorded among the different tests.
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Annex E
(normative)

Test method for assessing the response delay and ability to open
under environmental conditions

E.1 Objective of test

The objective of this test is to assess the response delay and ability to open under environmental
confditions.

E.2 Testapparatus

Use|a suitable test rig onto which the ventilator can be mounted and subjected to a test load|equivalent
to alwind pressure of 200 Pa. Apply the test load by one of the following methods:

a) |plates;
b) [bags containing up to 5 kg of solid particles or liquid.

Spread the loads over the whole of the external surfacgof the individual elements of the opg¢ning parts
of the ventilator, to produce a uniformly distributed\load.

E.3 Testspecimen
See|5.2.1 for the wind load test.

For|the snow load test, the largest.fan of the family shall be considered representative of all[the fans in
that family.

A tdst on the largest fan of the family shall be considered representative of all the fans in that family.

Test procedure

Mouint the fan on(the test rig in accordance with the supplier’s recommendations. Apply the load using
one| of the methods given in E.2, increasing the load to the upper appropriate limit given ip 5.2.1 and
5.2 and maintain the load for (10 * 1) min.

Rerpove'the load, actuate the ventilator and check that the dampers, flaps or louvers open to| the design

Operate the ventilator against the design load three times, using the energy source as specified by the
supplier and its fire activating mechanism. Determine if the fire operating position is reached each time.

E.5 Evaluation of test results

The ventilator meets the requirement of 4.1 if the test specimen achieves the operating position in each
of the tests in less than 30 s. The test results may be applied to all the family of fans.

The operating position can be considered as reached if the volume flow exhausted by the fan working
under snow and wind loads did not decrease by more than 10 % of that exhausted by the fan working
without these loads.
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Annex F
(informative)

Explanatory notes

F1  ExpjanatisnforA4.4.3

To calculatle comparative blade stresses resolve the bending moment about the principal axissand|the
stress calcplated using Formula (F.1) and Formula (F.2):

FxsinBxL/k )
0, = b or o, =1000xMxsinf3/Z, . withM=FxL/k F.1)
ZXmin
F'xcosBXL/k
0,,= Zﬁ or 0,, =1000xMxcosf/Z,  withM=FxL/k (F.2)
Ymin
where
Fand 1 are definedin A.4.2.2.1;
o, afd o,, are the bending stresses about principal axis X and Y in N/mm? (most of thq
time, 0,, <0, );
J3 is the angle between principal@xis and the radial line of impeller:
e @0 Z is the section modulus abeut principal axis X and Y in mm3.
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Key

centrifugal impeller
back plate
shroud

Figure F.1 — Centrifugalimpeller, calculation of 6,

The centrifugal force about the principal’axis GY is F x sinfs where Fis the centrifugal force
asin A.4.2.2.1;

the blade bending moment is M{=)F x sinfs x L / k (k=12 if the blade is considered as fully]
in back plate and shroud);

the maximum blade stressis 0,, = ——

Xmin

X

:2020(E)

calculated

embedded

Figure F.2 — Example of calculation of Z,;, with a rectangular cross-section of blade
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According to Formula (F.3):

L(cord)xé’
12 L(cord)xe?
ZXmin = or ZXmin = (F'3)
e 6
2
and Formula (F.4):
FxsinBxL/k
0, = with 0, = b . (F.4)
Amin Amin
EXAMPLE 1| Blade with L(cord) = 100 mm, e = 2 mm, [$ = 25°. See Formula (F.5):
0, =FXL/kx6,35x10° (F.5)

Key

1  centrifiigal impeller

2 back plpte
shroud

Figure F.3 — Centrifugal impeller, calculation of 6,

— The ceptrifugal force about the principal axis GXis F x cosf where Fis the centrifugal force calculated
asinA.4.4.1;

— theblade bending momentis M, = F x cosfs x L / k (k=12 if the blade is considered as fully embedded
in back plate and shroud).

The maximum blade stress is calculated using Formula (F.6):

0,,=M,/Z (F.6)

Ymin
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